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1. Summary of scientific conclusions and recommendans

The evidence supporting each conclusion is predeintehe sections of the report listed

below each conclusion.

1) Conservation status

The islands of Islay and Colonsay hold virtuallg thntire Scottish population of red-
billed choughsRyrrhocorax pyrrhocorak This species is of high conservation concern
across Europe and an important figurehead for theservation of low intensity
agricultural ecosystems and the mosaic of halstat systems generally provide. The
number of breeding pairs of choughs on Islay hagedaver the last 25 years and was
estimated at approximately 55 pairs in 2007. Athudteding success and survival have
remained relatively stable. However, first-yearvstal rates during 2007-2009 were
lower than any observed during 1983-2007. Werer#tes of survival and breeding
success observed in recent years to continue, uhder of choughs breeding on Islay
would be expected to decrease over coming yeatge sfatus of the Scottish chough
population as of high conservation concern shcuddefore be maintained.

Evidence: Sections4 and 5

2) Sub-adult survival as a focus of management

Over the last 25 years, one main factor drivingateom in the number of choughs on
Islay has been variation in the probability thahaugh will survive through its first two
years of life (i.e., from fledging to age two). Aeffective way of maintaining or
increasing the number of choughs on Islay woultbbhecrease the probability that birds
survive these sub-adult years, or at least reche&équency of years in which sub-adult
survival is poor. There is therefore a need tosmmr whether it is feasible to identify
and implement management practices designed teaserthe survival of sub-adult
choughs. Such management should not, however,drgvdetrimental consequences for
the adult birds.

Evidence: Section 5

3) Monitoring adult survival and breeding success

The number of choughs on Islay is expected to Ipg sensitive to any change in adult
survival (the probability that an adult chough vgllirvive from one year to the next), and
reasonably sensitive to any change in breedingesgathe number of chicks fledged per
breeding attempt). While adult survival and bregdsuccess have recently been
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relatively stable on Islay, it is important to cowte to monitor adult survival and
breeding success and to ensure that any declinbeaapidly recognised, investigated
and effective mitigation measures put in place.

Evidence: Section 5

4) Among-year variation in sub-adult survival

During 1983-2005, variation in the survival of satult choughs was correlated with
variation in local weather (specifically, temperatiand rainfall) and indices of the
abundance oftipulid larvae (indices based on large scale surveys tr-annual
variation in tipulid larvae in Scotland). Although correlation canmbve direct
causation, these data indicate that among-yeaati@riin sub-adult survival may be
caused by large-scale variation in weather and fabdndance. These factors are
difficult to manage directly. However, there istemevidence that the effects of weather
and tipulid abundance on chough survival depend on the deatibyeeding pairs of
choughs, and on the habitat surrounding nest sisecifically, effects of variation in
tipulid abundance on survival through the first year fef Were less marked in choughs
that had fledged from nest sites that were surredrm/ more suitable foraging habitat
and where neighbouring pairs of choughs were furétveay. Effects of poor weather
and low food abundance on chough survival mightrefloee be minimised or
ameliorated by appropriate management of the hHahitaounding nest sites and nest site
density. Future nest site provision should be qanwith these data in mind.

The possibility that variation in other factorschuas predation, disease and specific
agricultural practices has caused the observeati@riin chough survival during 1983-
2005 could not be quantitatively tested and cabeauled out.

Evidence: Section 6 (specifically section 6¢)

5) Predicting sub-adult survival

In theory, the statistical model that we developsthg data from 1983-2005 (section 6)
should allow us to predict the likely first-yeamgwal rate for any particular cohort of
choughs in advance. This could allow additionahaggement to be implemented in
years when sub-adult survival is expected to be IBurther years of data are required to
validate how accurate and useful this approach ntighThe model could be effectively
validated in 2010 once five years of additionaladdtive accumulated. However,

preliminary analyses suggest that the model doeadwurately predict the low first-year



survival observed during 2007-2009. Some additiand as yet unidentified factor may
therefore have caused the extremely low first-geavival in these two years.
Evidence: Section 6

6) Spatial variation in sub-adult survival

Sub-adult survival varied with natal location sublat choughs reared in specific nest
sites, and in specific areas of Islay, were mokelyi to survive to breeding age than
choughs reared in other nest sites or areas of ISpecific areas of Islay have therefore
been particularly important in maintaining the ingl&s chough population. These include
the Ballygrant Valley, the area around Loch Gruireerd Sanaig, and the south-east
Rhinns. The factors that cause this variation g¢oudt be fully identified in this study,
but might include variation in habitat and propestiof a nest site’s physical location
(such as its distance from exposed Atlantic coasts) some of these areas (e.g. the
Ballygrant Valley, breeding success has been pooecent years, possibly associated
with a decline in the condition of existing nedesi It would therefore be prudent to
provide and maintain suitable nest sites and faadiabitat in the areas of Islay that
have consistently produced choughs that survivé wel

Evidence: Sections5, 6 and 12

7) Foraging sites: the importance of coastal dune sy=ns

On Islay, ca 90% of observations of foraging flocks of choughsing April 2006 -
March 2008 were in areas associated with coasta dystems, particularly at Ardnave
and Kilchoman. Sub-adult choughs used a varietigatitats within and around these
areas, including grazed and largely ungrazed duasskands, kelp beds, bare sand, cliff
and heath. Coastal dune systems are thereforeapdr nmportance for sub-adult
choughs on Islay and should be maintained in & $tett maximises the abundance and
availability of the chough’s invertebrate prey. rQlata on the foraging behaviour of
sub-adults suggest that this will be best achidwednaintaining a mosaic of suitable
open habitats containing a diversity of vegetatlogights and structures, thereby
providing a variety of resources for choughs toleixjin different seasons and years.
Evidence: Sections7 and 8

8) Foraging sites: the importance of silage fields
Most of the remaininga 10% of observations of foraging flocks of chougtere in

newly cut silage fields. This habitat was usedabgubstantial proportion of newly
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fledged and sub-adult choughs during June-August & likely to provide an
abundance of food for newly fledged young. Theeesive use of this habitat when
available suggests that cut silage fields are hiyigrofitable foraging resource for sub-
adult choughs, particularly in summer (a time wiseb-adult mortality can be high).
Both the timing of the closing off of fields to giag animals, which influences the
pattern of change in grass length, and the timihgthe silage cutting, therefore
influences foraging opportunities for choughs. Sqrediminary data suggest that silage
fields that were cut in June may be used moreuaed for longer, than fields cut in July
or August. This possibility requires further intigation. More detailed study of the
foraging sites used by young choughs in areas wdikxrge fields are not available (e.g.
on Colonsay) may be useful in evaluating its imgace on Islay.

The introduction of support for grassland managdnsehemes that influence the
timing and synchrony of field closure and silagéting across Islay should therefore be
considered where appropriate. It might be benéfidaencourage some early (June)
silage cutting in areas of importance for chougim] this possibility urgently needs to
be tested. Any encouragement of such early cutirauld be accompanied by further
detailed study of chough use of silage aftermatheiation to the timing and spatial
pattern of cutting to further investigate and eaéduthe importance of this resource.
Evidence: Sections7, 8, 10 and 12.

9) Roost sites
During April 2006 - March 2008, sub-adult chouglised three main roosts, at Ardnave,
Kilchoman and Dun nan Nighean. The Ardnave anah¢iman roosts were located
within the main sub-adult foraging sites. Chougls roosted at the same or nearby
sites during 1986-1988, suggesting that sub-aduttughs are relatively faithful to
specific roosts. However, the relative use ofdtierent roosts has changed over recent
years, with a greater proportion of sub-adult chhsugow using Ardnave rather than
Kilchoman. It is not clear whether this changdeast the provision of a new roost site
at Ardnave, changes in foraging habitat at oneotin bites, or to some other factor.
Suitable roost sites need to be maintained at ar the key foraging sites for sub-
adult choughs, particularly at Ardnave and Kilchom&Suitable foraging habitat must
also be maintained around the key roost sites.vi$lom of safe roost sites at other
foraging sites could also be considered.
Evidence: Sections7 and 8.
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10)Specific foraging locations

Sub-adult choughs foraged at specific locationshiwit Ardnave/Killinallan and
Kilchoman/Kilchiaran. These locations tended twehaelatively shorter and/or less
variable swards, more old cow pats and sparser mocke diverse vegetation than
locations within these same sites at which subtadubughs were not observed to
forage. However these effects varied among ydarsekample a difference in sward
height was observed in one year of the study butheother) and the magnitude of the
difference was small (less than 1cm). Given theois known to affect invertebrate
populations, the best management approach mayfaheitge to aim to maintain a largely
open habitat matrix that contains a variety ofdlaith differing vegetation heights and
structures at a small spatial scale. Judiciousaofisgrazing animals might be the best
means of achieving this.

Evidence: Section 9

11)Sub-adult mortality and parental state

Years in which first-year survival was low wereacdicterised by particularly low survival
through the late summer. Most choughs that diedrbethe end of their first year died
after they had left their natal territories andhgd sub-adult flocks in the coastal dunes
and silage fields. The different survival ratexbbughs reared in different areas of Islay
therefore occurred after the young choughs hadceshthe flocks.

The extremely low first-year survival rate in 20Bd08 was associated with a
marked reduction in the time that parents spertt wewly fledged offspring compared to
2006-2007. First-year survival rates of fledglirjso vary with characteristics of their
parents, including age and lifespan.

These data suggest that the conditions that a thexjgeriences on its natal territory
can have long-term effects on its subsequent saitvBub-adult survival might therefore
be linked with parental state and conditions at tiest site, as well as conditions
experienced in the sub adult flocks. Maintainingrapriate habitat diversity and hence
foraging conditions on breeding territories is al#®ly to be important in producing
choughs that survive well.

To increase or maintain sub-adult survival ratgsprapriate conditions should
therefore be maintained on breeding territoriesvel as the foraging areas subsequently
used by flocks of sub-adult choughs.

Evidence: Sections5, 6 and 12

11



12) Comparison with other chough populations

Overall, chough breeding success and survival waadby similar on Islay, Colonsay and
the Isle of Man. However on average, choughs deatghtly fewer fledglings per
breeding attempt on Islay than on Colonsay or #he ¢f Man. Choughs on Islay were
more likely to survive through their first year blaiss likely to survive through their
second year and as adults than choughs on Colanmsine Isle of Man. The relatively
low population growth rate of choughs on Islay canggl to Colonsay and the Isle of Man
therefore reflected lower average breeding succssspnd-year survival and adult
survival rather than lower average first-year swaki Breeding success was correlated
across all three populations, suggesting that dniogeeding success may be to some
degree influenced by large-scale factors (suchiasi).

This suggests that Islay’s choughs may be sligtiger-performing with respect to
breeding success and adult survival, which agaggests a need for more appropriate
management of the habitats around breeding taastor
Evidence: Section 13

13) Monitoring management efficacy

This study has demonstrated, through the combmatfcanalysis of long-term data and
targeted fieldwork, that there is considerable pi&tto build a conservation management
strategy for choughs in Scotland based on a rigobaise of scientific evidence.

This approach should be maintained and improvealutir continued monitoring of
breeding success and survival. In addition, there meed to ensure that the effectiveness
of any management actions applied at an individaah level are also assessed, not
solely by monitoring compliance with the managenyesscriptions but also monitoring
the impact of the actions on habitat diversity andality and whether the intended
conservation benefits are indeed being achieved.

Evidence: Summarised in sections2 and 3
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2. Summary of agreed recommendations and actions

These recommendations were discussed and agreébd ptoject meeting on Islay, April

2009. In attendance were Rae McKenzie, Angus Laimdy Stuart Shaw (Scottish Natural
Heritage), Andy Schofield, Jeremy Wilson and Safadéwies (Royal Society for the

Protection of Birds), Eric, Sue and Caitlin Bigr{8cottish Chough Study Group), Davy
McCracken (Scottish Agricultural College), Pat Mghan (University of Glasgow), Maria
Bogdanova (Centre for Ecology & Hydrology) and Ja&wed (University of Aberdeen).

Jack Fleming and James How (RSPB) attended forptksentation and discussion of

scientific results but not the discussion of recandations.

1) Due to the low rates of sub-adult survival dur2@07-2009, the number of choughs
breeding on Islay is expected to decrease ovengle2-3 years. The status of choughs as
being of high conservation concern should thereb@renaintained and the policies of SNH
and RSPB should reflect this status. Populatiae sind demography of adults and sub-

adults should continue to be monitored closely.

2) Successful conservation of choughs on Islay &lyiko rely on appropriate management
of the main flock foraging areas (i.e. the main @lgystems and, where relevant, early-cut
silage fields) and individual breeding territorie®ata from the chough research project
allows the key habitats and locations to be ideatif The management aim should be to
generate a diversity of habitats that support tptnt and invertebrate diversity, thereby
increasing the range of foraging options that Wwdl available to choughs at any point in

time. There should not be a focus on the provigibany single food resource by over-

emphasis on any single management approach.

3) Over the coming years, the main mechanism availdbr funding appropriate
conservation management for chough will be throdgkeloping appropriate farm-level
applications to the Scottish Rural Development Raogne (SRDP). There are currently no
chough-specific options available within the SRD®roduction of any such new options to
the SRDP will require approval from the Europeamm@uossion. In the medium to long
term, consideration needs to be given not only hatveuch chough-specific options would
consist of but also what the potential impacts of auch chough-specific measures would
be (since it would not be desirable to produce gmpniform habitats for choughs rather

than the complex diversity that seems to be reduire
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4) In the short-term, the conservation importancehafughs in Argyll should be emphasised
by a combination of raising the profile of chougm®re within the SRDP application
interface and also directing prospective applicias Islay and Colonsay to those existing
options that are of direct relevance and potegtibéneficial for choughs. These existing
chough-relevant measures also need to be drawrhdoattention of agricultural and
conservation consultants who draw up SRDP appticatfor Islay and Colonsay.

Action: Scottish Natural Heritage to ensure that the [@adf chough is raised within the
accompanying SRDP documentation and that existihgugh-relevant measures are
adequately signposted on the SRDP website anedetlzicumentation.

Action: Eric Bignal to draft a brief for consultants tleiplains how available SRDP options
can be used to benefit choughs in the context ofigh areas.

5) A number of key farms on Islay have already hagrtSRDP plans approved, and the
conditions of the contracts mean that further ckargannot be made for 5 years. Additional
farms that cover key dune areas for which SRDPspleave not already been agreed should
be encouraged to enter the scheme with a plangtedpropriate for choughs. In addition,
any new plan should contain a clause which stat#s if any management is found not to be
having the intended effect, then that managemamtbeachanged during the course of the
five years of the scheme.

Action: Scottish Natural Heritage and Eric Bignal to apploaelevant farmers and
encourage participation in SRDP.

6) Unlike the negotiation of an individual managemagteement, to be successful any
application to the SRDP needs to score sufficiemtp to be judged favourably against any
other applications competing for the limited SRDRMAds. It is unclear as yet what impact
this will have the willingness of farmers to subi8®RDP plans or on the content of those
plans that are submitted (given that other optiwitsin the SRDP may be more financially

rewarding when compared to options of relevanaghtaugh). There is need within Argyll at

least to ensure that the SRDP assessment prokessctaough needs fully into consideration
and does not (especially outwith designated siteéswinere choughs occur) approve plans
that are more financially beneficial to the applitsabut which contain SRDP options that
may be less beneficial or detrimental for choughs.

Action: Scottish Natural Heritage to feedback to the SR&®Rew to encourage appropriate

future development of options and associated patsnen
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7) There is presently no provision for biological (apposed to basic compliance)
monitoring within the SRDP scheme. To ensure thlmpacts can be measured and
appropriate changes can be made to future SRDBR,dlaa biological outcomes of existing
plans need to be monitored (using appropriate gio& metrics) over and above the basic
compliance monitoring that individual farms may raay not receive. In the immediate
term, monitoring of outcomes should be prioritismd the major dune systems that are
essential for sub-adult choughs.

Action: Scottish Chough Forum to write a letter to relévaimisters raising concerns over
the provision for biological monitoring and asseestnwithin the SRDP. This letter will
raise specific issues resulting from research ooughs on Islay, but will discuss these
issues in the context of more general aspectseohéfed for monitoring. Pat Monaghan to

draft the letter and circulate to other Forum merslber input.

8) Adequate nest and roost sites need to be maidtaim&/or provided in key areas of Islay,
as informed by the long-term Scottish Chough StGigup data. The easiest means of
resourcing nest and roost site maintenance andgmwavon those farms which fall within
designated areas is to include this work within $®DP plans (since the SRDP allows for
funding capital works on designated sites). Heretevant farms within designated areas that
have yet to enter the scheme should be encourageditude nest site repair/provision in
their plans, while relevant farms who have alresglymitted plans should be encouraged to
submit an additional proposal concerning nest g@@air/provision. An additional
mechanism needs to be put in place to either yuté funding through the SRDP of nest
site repair/provision on farms outwith designatetss or identify appropriate funding
sources that could be utilised in such instancéihofAgh farms in the Ballygrant valley and
other parts of Islay such as the south-east RHiarsutwith the designated area, the long-
term importance of these sites (as emphasised danfitidings from this study) for the
maintenance of the chough population could potiytee used as a justification for the use
of SRDP to fund nest site repair/provision on thi@sms

Action: Scottish Chough Study Group to provide SNH (infthren of a confidential annex
to this report) with an updated list of existingshsites that are in serious disrepair, and of
historically productive or suitable habitat aredseve no nest sites are currently available.
These sites should then be prioritised for nestraintenance or provision.

Action: Scottish Natural Heritage to encourage SRDP diarthe priority list of nest sites.
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Action: Scottish Natural Heritage to liaise with Jane Ramdl the Scottish Chough Study
Group to ensure that long-term chough data are tsadpport SRDP applications where

appropriate.

9) Further data regarding chough use of silage figld®lation to the timing of closing off

of fields, fertilisation use and cutting need to dmlected and/or analysed. This could
include analysis of existing RSPB data on cuttirajed in relation to chough survival
patterns and use of dune systems. Meanwhile, Sp&#3 for farms in key chough areas
should include a diversity of grassland manageroptibns.

Action: Jane Reid and James How to liaise over accesadaialysis of existing data.

RSPB and Eric Bignal to consider options for eau§ting specific fields at Ardnave and

Smaull and monitoring chough usage.

10) The RSPB’s plans to restore habitat for choughshenOa should be encouraged and
supported.

Action: Scottish Chough Forum to write a letter to relév@BPB managers to emphasise
the potential importance of habitat restorationttoe Oa for choughs, particularly given the
context of the decrease in Islay’s population tlsatpredicted for coming years. Pat
Monaghan to draft the letter and circulate to otherum members for input, and to liaise
with the RSPB members of the Scottish Chough Fotondecide the most appropriate

recipients.

11) On Islay, survival rates of sub-adult choughs haeently been low. Consequently, the
number of breeding pairs is likely to decreaseaminig years. Choughs have retracted from
areas of Islay that have recently been highly pctde and/or held several breeding pairs.
To attempt to address this situation, land managemegimes that differ in emphasis from
recent practices should be adopted under the SRBIRen this situation, it is imperative
that baseline monitoring of chough demography (irege success and sub-adult and adult
survival) should continue on Islay. These datd elp provide a sound scientific basis on
which the efficacy of SRDP plans can be evaluafBoe most efficient and effective way to
achieve this monitoring will be to support the $isbt Chough Study Group in the
continuation of the long-term demographic studyisday. Support may come through direct
financial assistance, in-kind support through mmn of accommodation and vehicles, and
through assistance with data collection (for exantptough continued RSPB monitoring of

choughs on the Oa).
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Actions: Scottish Chough Study Group, Pat Monaghan and Bamn to draft and cost a
proposal for ongoing monitoring and scientific wankd to look for potential funders. Some
support package urgently needs to be put in pacaipport monitoring through 2009-2010.
Scottish Natural Heritage and Glasgow Natural Hist®ociety will be approached for this
in the first instance.

Depending on the funding stream, future applicaioray require support from bodies such
as RSPB and SNH and should be put together inadinated way that draws on expertise,
opportunities and priorities afforded by the SabttChough Forum.

12) Opportunities to compare the demography and egabbdslay’s choughs with that of
other chough populations should be exploited toftile This may include demographic
comparisons of the sort already run with the Mamo@h Project and Colonsay, but also
closer comparison of foraging diversity and machanagement.

Action: Jane Reid to continue to talk to Welsh choughareseers about the possibilities for

demographic comparisons. Jeremy Wilson to look umtpublished RSPB data from Wales.

13) The final report should be made available eleatadly, together with supporting
documentation and photographs. The executive suynamal recommendations should also
be available separately, and should be dissemirtatéakmers and land-owners in chough

areas of Islay.

14) Consideration should be given to holding a meegpirayiding feedback from the project
and emphasising (to farmers within and outwith glesied sites and their associated
consultants) the chough-relevant aspects of theFSRM how best to develop appropriate

plans

15) The Scottish Chough Forum should continue to rbeannually to ensure continuing
and efficient exchange of information between dt#¢$) conservationists and policy

makers.
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3. Introduction & Overview

3a) Overall aims

This report summarises the results of a Knowledgen3fer Research Project that was
undertaken by Dr Jane Reid (University of Aberde@npfessor Pat Monaghan, (University
of Glasgow), Dr Eric and Mrs Sue Bignal (ScottishoGgh Study Group) and Dr Davy
McCracken (Scottish Agricultural College). Dr MaBagdanova was employed as the post-
doctoral research assistant on the project. Th&k w@s carried out in partnership with
Scottish Natural Heritage (SNH) and the Royal Sgder the Protection of Birds (RSPB).
Funding was provided by a Knowledge Transfer Graoin the Natural Environment
Research Council (NERC, PIs P. Monaghan & J. R&th matching partnership funding
and in-kind support from SNH and RSPB.

The overall aims of the project were to developdtientific understanding of the population
ecology of choughs on Islay, and to use this utdeding to inform the development of
appropriate conservation strategies and polici&be project built on existing long-term

research on Islay’s choughs. It involved furthealgsis of long-term data, plus two years of
intensive fieldwork designed to answer specificgjioms. The work aimed primarily to

understand the ecology of choughs in their subtagkdrs (ie, from fledging to breeding

age). Survival from fledging to breeding is a kegctbr in causing population change.
However, relatively little was previously known afbahe behaviour and ecology of choughs
during this time.

This report provides an overview of the resultstlod scientific study and focuses on
presenting the scientific evidence on which resgltirecommendations for chough
conservation management on Islay are based. Twtres written with the intention of
presenting the results of the data analyses, andationale underlying those analyses, in a
way that is accessible to non-specialists. Furtigails of analyses and technicalities are

provided in published, peer-reviewed papers arat@iavailable on request.
The report provides information that will be of us®e policy makers and conservation

practitioners, and also highlights topics wherdhfer research is required before informed

management decisions can be taken.
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3b) Project rationale

One major and critical challenge facing conservatroanagers is the need to devise
effective conservation management policies thatased on sound scientific evidence, but
also feasible and compatible with agriculture attebcompeting demands on land-use, and
with management aimed at conserving other speaieBabitats. Such evidence-based
policies must be based on a sound scientific uta®ilsg of the factors that cause changes
in the numbers of the focal species, and of thieslimetween these factors and management
policy. A key step in the development of any mamagnt policy should therefore be to
identify which demographic rates (survival and ogluction) are primarily responsible for
causing population change, and which environmefatetiors are in turn responsible for

causing variation in these demographic rates.

The long-term demographic and ecological data the required to achieve this
understanding are rarely available for natural pemns, especially those of immediate
conservation concern. Furthermore, to provide ad&gcontext and highlight the full range
of appropriate management approaches, analysekistleally be replicated across multiple
populations of the focal species inhabiting différeenvironments. Such parallel
demographic and ecological studies would make issiibe to assess the general
applicability of findings, and to develop conseroatpolicies that can be coordinated across
populations and are locally effective. However ¢iithe substantial data required, the need
for rigorous and detailed analysis, and difficudtien effectively communicating and
implementing scientific knowledge, such large-scajgplication of rigorous ecological
science to biodiversity conservation is rarely aehd with respect to any species of

conservation concern.

Scottish and European pastoral agricultural ecesystare of high biodiversity value, and
reflect particular socioeconomic structures that #remselves increasingly rare. These
ecosystems support numerous rare and threatenedlaenmd plant species of high national
and international conservation priority. The redledi choughPyrrhocorax pyrrhocoraxs

one such species, which serves as a high-profledhead for the conservation of pastoral

agricultural ecosystems.
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The overall aims of this project were to use emgstiong-term data, and further targeted
fieldwork, to quantify and understand demographéciation in choughs in Scotland in
relation to habitat and land-use, and to use thaerstanding to make recommendations for

the successful conservation of choughs in Scotland.

3c) Specific aims and achievements
The project had five main aims as follows:

Aim 1. To establish an ongoing dialogue between isatists studying environmental
factors driving population change and those respoiitsle for managing the environment

to conserve protected species.

This has been achieved through the Scottish Chdumium, and through discussion
meetings and informal contact between scientistsservation managers and practitioners,

farmers and landowners throughout the project.

Aim 2: To identify apparent drivers of temporal and spatial variation in chough
demography on Islay, focusing particularly on demorpaphic rates that are known to
constrain population growth rate, and their links with environmental factors that could
feasibly be managed.

This has been achieved as mainly reported in se6timelow.

Aim 3: To investigate whether patterns and correlagés of demographic variation
observed on Islay also apply to chough populatioren Colonsay and the Isle of Man.

This has been achieved to the degree reportectiimse 3.

Aim 4: To use the resulting understanding of choug population ecology to identify
management approaches, times and locations that atiéely to be most effective with
respect to chough conservation, and to consider hoehough demographic rates might
respond to management action.

This has been achieved as reported in sections35,97 10, 11 and 12.

Aim 5: To facilitate wider transfer of knowledge anong conservationists, population
ecologists and land managers across Europe by hogji an international chough
conference, and to communicate our work to local mple by giving presentations on
Islay and elsewhere.

This has been achieved as reported in section 14.
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4. Background to choughs and chough research

4a) Range and status

Red-billed choughs occupy a restricted global rangye Britain, they are almost entirely
confined to the Welsh coast, the Isle of Man arel $lcottish Inner Hebridean islands of
Islay and Colonsay, plus a very small, recentlgldgthed population in Cornwall. Islay and
Colonsay therefore constitute the northernmosttpafithe species’ range and hold virtually

the entire Scottish population.

Choughs are amber-listed in the UK, and protectadeu British and European law
(Schedule 1, Wildlife & Countryside Act 1981; Annéx EU Birds Directive). They are
consequently the focus of conservation action acBr#ain and Europe. Under the Birds
Directive, the UK government has a responsibildycbnserve choughs and the habitat on
which they depend. SNH, as the relevant governnagency, is responsible for
implementing this work with respect to choughs cotfand. In addition to their official
protected status, choughs are of considerableratitaportance in Scotland and elsewhere.
Furthermore, ecotourism, for which choughs prowde focus, is a valuable component of
Islay’s and Colonsay’s economies. Successful cgasen of choughs is therefore a priority
for SNH and RSPB. However, since choughs utiksgd land areas, chough conservation is
expensive in terms of time and resources. Furtbesnthoughs utilise sensitive coastal and
grassland habitats, where they coexist with othetepted species characteristic of pastoral
agricultural systems, including corncrakes and ménisllaries. There is therefore a clear
need to focus efficient management action on grataspects of chough ecology, whilst
minimising the risk of negative effects on othee@ps.

4b) Basic chough ecology

Choughs feed primarily on soil invertebrates. Anary dependence ampulid larvae and
Aphodiusbeetles has been reported on lIslay, but a rangehef prey is taken here and
elsewhere. These include mining bAadreninag larvae and kelp flyGoelopg. It is well
established that choughs require relatively shoazed grassland, which allows access to

soil invertebrates.

Choughs usually start to breed when they are twibree years old. They breed once each
year between March and June, and nest in cavitieaves and buildings. Breeding pairs

defend large (>>1kf) feeding territories around their nest site. Bl juveniles initially
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remain on their natal territories, and are thenaliglescorted by their parents from their
natal territory to flocking areas within a few wee&f fledging. There they form large
communal foraging and roosting flocks where themam until they disperse to breed

(typically aged two or three).

4c) Chough research on Islay

The chough population on Islay has been the subfeah ongoing study, run primarily by
the Scottish Chough Study Group (SCSG), since 198dring the study, Islay’s breeding
chough population was censused fully in 1982, 19862, 1998 and 2002. The census data
suggest that the population peakeda8 breeding pairs in 1986 and declined to @aly}5
pairs by 1998 before increasing ¢a 56 pairs by 2002 (figure 4.1). The Islay popuati
therefore remains relatively small, and shows & déferent trajectory from the number of
breeding pairs on Colonsay and the Isle of Marh ledtwvhich increased substantially during

the same period (figure 4.1).

Figure 4.1. The number of confirmed breeding pairof choughs on Islay @), Colonsay ¢) and
the Isle of Man (#) as estimated from full population censuses. Syrols indicate the census
counts for each island. The thin solid and dashelines show smoothed trends based on the
census data for the Isle of Man and Colonsay respieely. The bold line shows the estimated
number of breeding pairs of choughs on Islay calcated from data on survival and breeding

success. The left y-axis refers to Islay and thesle of Man and the right y-axis refers to

Colonsay.
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The census data also show that breeding choughfaiaie widely distributed on Islay,
inhabiting the Rhinns, the east coast of Loch Gumdirand the north-east coast, the

Ballygrant Valley, Laggan and the Oa Peninsula.
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The Scottish Chough Study Group have recorded brgesliccess (the number of chicks
fledged per breeding attempt) at a sample of Iskest sites in each year since 1981, and
have colour-ringed the fledglings with unique conations of coloured plastic leg-rings.
These colour-ringed individuals have then beerghgsd across Islay throughout subsequent
years. In 2001, all available data on Islay’s diwmiwas collated into a database (facilitated
by funding from SNH and RSPB). The database haseguently been maintained and
updated, and now holds >17000 resightings of >1&80ur-ringed individuals, and >900
records of individual breeding events. These Iltarg: data are immensely valuable, and
have proved to be of sufficient quality to enabitadled demographic analysis of Islay’s
chough population. These are exactly the sortdaté and analyses that are required to
provide a rigorous scientific basis to conservastrategy.
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5. Demography of Islay’s choughs

5a) Introduction

One key component of science-based conservatiomnipig@ is to identify which
demographic rates cause variation in the populafomwth rate of the particular species or
population that is the focus of conservation comcefFor example, if we can work out
whether it is variation in the survival of adultatlghs, or in the survival of sub-adult
choughs or in breeding success that is primarigpoasible for causing a population to
change in size, then we can target management @pgedy. This approach should help
achieve desired changes or stability in populagiae in the most efficient way.

Identifying which demographic rates (e.g. surviwdl different age classes or breeding
success) cause a population to increase or decreasige requires two key pieces of

information.

First, we need to calculate the ‘sensitivity’ oétpopulation growth rate to variation in any
demographic rate. The sensitivity measures theedetp which population growth rate
would be expected to change in response to a sthafige in any particular demographic
rate. For example, a high sensitivity would intécéghat a small change in a particular
demographic rate (such as survival) will causergelachange in population growth rate.
Management policy might then aim to increase deapgc rates to which population
growth rate is highly sensitive, since a small @ase in performance would be expected to
translate into a relatively large increase in papah growth rate. In practise, population
ecologists usually measure a quantity called ‘mligt rather than ‘sensitivity’. The
elasticity is a scaled version of the sensitivibatt enables us to compare the relative
influence of different demographic rates on popatagrowth rate.

Second, we need to calculate the extent to which damographic rate has actually varied
during the time for which the population of intdraas been studied. This information tells
us the extent to which observed changes in populaize can be attributed to variation in
each demographic rate. Small changes in a denuigragte to which population growth

rate is very sensitive will in principle cause g bhange in population size. However, if that
demographic rate has not actually varied it canmate caused observed changes in

population size.
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While management policy might ideally aim to in@eahe demographic rates to which
population growth rate is most sensitive, this may be possible if those rates are already
high and vary little, and/or if an increase is idiift to achieve for practical reasons.
Conservation policy might therefore most effectyvécus on demographic rates to which
population growth rate is reasonably sensitive, Which also show natural variation and

which can realistically be managed.

Rigorous calculation of the sensitivity and varidpiof each demographic rate requires
detailed long-term data on breeding success andvalifrom the population of interest.
Such data are rarely available for populations Hratthe focus of conservation concern.
However, as a result of the long-term Scottish @ho&tudy Group project, there are
sufficient data to carry out these analyses forlgh@y chough population. The following
sections provide an overview of these analysesth@dnajor results. Further details are
presented in Reid et al. 2003a, 2003b, 2004 & Z8@pendices 1-5).

5b) Breeding success

The number of nests monitored per year averagetl 81..3 (standard error), and varied
from 18 in 1982 to 48 in 2002. The monitored reatds are broadly representative of the
areas used by choughs on Islay, except that theréew data from the Oa (because most
nest sites there are inaccessible). In generats nasbuildings were more likely to be

monitored than nests in natural sites such as caves

Breeding success of Islay’s choughs, measuredeasndan number of chicks fledged per
monitored breeding pair, has varied among yeagur@ 5.1). Mean breeding success
averaged 1.96 + 0.05 fledglings/pair across altgjeand varied from 2.45 fledglings/pair in
1984 and 1998 to 0.97 fledglings/pair in 2003. Meeeeding success has not decreased or
increased significantly during the study, and has differed between choughs nesting in
buildings compared to those nesting in caves.

Choughs typically first bred aged two or three. Iédafirst bred slightly younger than

females on average, at mean ages of 2.5+0.1 arf.2.9espectively (based on data up to
the year 2000, Reid et al. 2003a).
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Figure 5.1. Mean breeding success (the number dficks fledged per breeding pair of choughs

monitored) on Islay from 1981 to 2008. Means forazh year are presented + 1 standard error.
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5c¢) Survival

The resighting data from colour-ringed choughsvalennual survival probabilities to be
calculated for three age classes: first-year (thabability that a chough survives from
fledging to age one), second year (the probakitigy a chough survives from age one to age
two) and adult (the probability that a chough swssi through any subsequent year).
Survival probabilities were estimated using ‘captarark-recapture’ models, which allow
survival probabilities to be estimated while takingp account variation in the probability
that a colour-ringed chough that is still alivelveittually be observed in any year (this will
vary due to variation in the amount of observeorff This resighting probability can be
estimated from the number of individuals that weoé seen in one particular year but were
then seen alive in a subsequent year. Survivdigtitities were measured from the spring
of one year to spring of the next. Currently wa estimate survival for the years 1983-84
through to 2007-08 (resighting probability in 2008s assumed to be the same as in 2007,
since observer effort was similar in these two gedrintensive fieldwork). On average that
77% (x 3%) of colour-ringed choughs that are ative seen in any one year. This resighting
rate has varied from 43% in 1996 to 95% in 2007i(duthe current project fieldwork).
Since choughs that were colour-ringed on Islay \ea®y rarely observed elsewhere is it

reasonable to assume that individuals that disaigpma Islay have died.
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The estimated annual survival probabilities for theee age classes of choughs varied

among years (figure 5.2).

On average, 40% (x 2%) of fledgling choughs sumtite reach age one, ranging from 64%
in 1984 to only 9% in 2007 and 2008. First-yearvistal did not increase or decrease
significantly during 1983-2006 (Reid et al. 200&jowever, with the addition of data from

2007-2009, there is some evidence of a long-temnda@rd trend (figure 5.2).

On average, 69% (+ 3%) of one year-old choughsiwenivto reach age two. Very high
second-year survival rates (100%) were estimatedl®®5, 2001, 2003 and 2004 (figure
5.2). These high estimates reflect small samplessior cohorts where few fledglings were
colour-ringed and/or first-year survival was lowdaprobably do not accurately represent
true second year survival across the populatiorxclugding these four years, estimated
second-year survival rates ranged from 94% in 2@0@8% in 1992. There is some

evidence that second-year survival rates may hareased during 1984-2008 (figure 5.2).
On average, 80% (+ 1%) of adult choughs (chouglesd ago or older) that were alive in one

year were still alive the next year. The adultvawal rate varied from 90% in 1985 to 72%
in 2004, and has not increased or decreased agass (figure 5.2).
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Figure 5.2. Estimated survival probabilities for dioughs on Islay.

Figures show estimated (a) first-year survival (fldging to age one, filled symbols and solid ling
and second-year survival (age one to age two, opsymbols dotted line) and (b) adult survival
(all choughs aged two or older). Year markers derte the start of each survival period: hence

1984’ refers to survival from spring 1984 to sprirg 1985. Estimates are shown + 1 standar

error.
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5d) Population growth rate

To check the accuracy of our estimates of breeduuagess and survival for each year, we
used these estimates to calculate the number eflimg pairs of choughs we would expect
to see on Islay in each year and compared thisctegherumber with the actual number of
pairs counted during population censuses. The @wimgthe number of breeding pairs of
choughs that we estimated from the breeding sucaedssurvival data matched up with

available census data extremely well (figure 5.3his suggests that the Scottish Chough
Study Group data provide reliable information ory kdlemographic rates (ie breeding

success and survival).

Figure 5.3. The number of breeding pairs of chougs found to be breeding on Islay in
complete censuses (1982, 1986, 1992, 1998 and 2QOR) the virtually complete census
undertaken in 2007 as part of this project (filledsymbols). The open symbols and line show the
number of breeding pairs as estimated from demogrdgic models (updated from Reid et al.
2004).
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The average population growth rate of choughs lay isstimated across all data from 1982-
2008 is approximately = 0.99. A value of. = 1.0 would indicate a stable population (no
change in numbers from one year to the next) amale ofA < 1.0 would indicate that a

population will get smaller from one year to thexneThe demographic data therefore match
up with the observation that, on average acros2-P988, the Islay chough population has

remained stable or declined very slightly.
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However, using data on breeding success and stmsoiigcted during the last five years
(2003-2008), the average estimated population drovate has dropped slightly, to
approximatelyh = 0.97. Therefore, were the recent breeding |scaed survival rates to
continue, the number of breeding pairs of choughkslay would be expected to decrease by
approximately 3% per year over coming years, remasg a relatively rapid population

decline.

5e) Sensitivity and population growth rate

The population growth rate for choughs on Islay wasst sensitive to variation in adult
survival, followed by breeding success, second-geavival and first-year survival (figure
5.4). All else being equal, a small change in &adulvival would cause a bigger change in
population size than a small change in any of tiherothree demographic rates. However,
first-year and second-year survival varied more rgngears than adult survival or breeding
success (figures 5.2 and 5.4). Overall, therefeagiation in first-year, second-year and
adult survival all contributed approximately equalio observed variation in chough
population growth rate, while variation in breedswgcess contributed less (figure 5.4). We
can therefore conclude that among-year variatiosunvival caused most of variation in the
number of choughs on Islay during 1983-2008. Faurttore, variation in survival through
the first two years of life (ie, from fledging t@e two) accounted for over half the total

observed variation in population size.

The adult survival rate of choughs on Islay isadiefairly high and varies relatively
little among years (figures 5.2 and 5.4). It magrefore be difficult to achieve an increase
in adult survival rate through management poliQur data therefore suggest that sub-adult
survival (ie, survival from fledging to age two) isne demographic rate on which
management could effectively focus in order to éase the number of choughs on Islay.

Full details of these analyses are presented id &el. 2004 (provided as Appendix 3).
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Figure 5.4. Three measures of the extent to whichariation in breeding success, first-year
survival, second-year survival and adult survival ould cause variation in the number of
choughs on Islay. The estimated elasticity, a maag of the sensitivity of population growth
rate to each demographic rate, is shown by the whdtbars and the left axis. The degree tp
which each demographic rate was observed to vary amg years is shown by the shaded bars
and the left axis. The percentage contribution okach demographic rate to observed variatior]

in population growth rate is shown by the black bas on the right axis.
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5f) Variation in sub-adult survival in different ar eas of Islay

Survival rates have also varied markedly among ghsdledged from nest sites in different
parts of Islay. While the average rate of firsttysurvival was approximately 40% (see
section 5c¢), this varied from 0% to 73% across ghsufledged from different individual

nest sites (figure 5.5).

Nest sites that produced fledglings that were mmrdess likely to survive were not

randomly distributed across Islay. In particufaom 1983 to 2004, choughs fledged from
nest sites in the Ballygrant Valley and surroundiragh Gruinart and parts of the East
Rhinns were more likely to survive to age one tbhoughs fledged in the North, West,
South and Central Rhinns (figure 5.6). These sameighs also tended to be more likely to
survive as second-years and as adults (table 53pecific areas of Islay therefore
consistently produced choughs that survived reditiwell or relatively poorly. Full details

of these analyses are presented in Reid et al. 2I®8 (Appendices 4-5).
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Figure 5.5. Variation in first-year survival probabilities estimated for choughs fledged from

different nest sites. Each datapoint refers to aitferent nest site where a total of at least si

fledglings have been colour-ringed across at leagiree different years during the course of the

SCSG study. The estimated first-year survival prohbility of choughs fledged from each of 53

different nest sites is showrt: 1 standard error.
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Table 5.1. Summary of estimated survival probabities for choughs fledged in Ballygrant,

Gruinart and East Rhinns (region BGE) as opposed t&entral, North, South Rhinns and West

Rhinns (region CNSW, see figure 5.6 for areas).

Choughs fledged in

region BGE
First-year survival probability 0.61+0.04
Second-year survival probability 0.69+0.04
Adult survival probability 0.84+0.02

Choughs fledged in
region CNSW
0.38+0.05
0.65+050
0.77+0.02
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Figure 5.6. Summary of areas that produced choughthat were on average more and les

likely to survive through their first and subsequert years of life. Choughs fledged in the shaded

areas (named ‘Ballygrant’, ‘Gruinart’ and ‘East Rhinns’) had higher survival probabilities
than choughs fledged in the unshaded areas (namebdrth’, ‘West Rhinns’, ‘South Rhinns’
and ‘Central’). There were insufficient data to esimate survival probabilities of choughs

fledged on the Oa.
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5g) Summary of key conclusions and implications: deography of Islay’s choughs

1. The number of choughs breeding on Islay chougbgpected be strongly influencs
(highly sensitive) by variation in adult survivaHowever, over the period for which v
have data (1985-2008), adult survival has genebabn high and has varied relatively lit
among Yyears. Variation in adult survival has tfaee contributed only moderately
observed variation in the number of choughs orylsla

It is critical to continue to monitor adult survhand ensure that it remains high.
reduction in adult survival (for example due toueeld food abundance or availability
increased predation or disease) would be likelgaose a major and rapid decline in

number of choughs on Islay.
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2. The survival of choughs from fledging to age t{sub-adult survival’) varieg
markedly during 1983-2008, and accounted for ovaf the observed variation in th
number of choughs on Islay.

It is therefore important to determine what causgs-adult survival to vary amon

e

years, and consider whether management practicgd be used to stabilise and if possiple

increase sub-adult survival rates and/or reducefrpiency of years in which sub-aduylt

survival is low.

3. Breeding success varied relatively little amoyears during 1981-2008, and

consequently contributed relatively little to vaioa in the number of choughs on Islg
However, since population growth rate was modeyatehsitive to variation in breedir
success, breeding success should continue to baammhto check that success does

decline.

4. Sub-adult and adult survival varied consisterdiyong choughs fledged fro
different individual nest sites and from differ@meas of Islay.

This implies that certain areas of Islay make dipprtionately large contributions 1
the chough population. It is therefore importamtdietermine what causes this variat
among areas and consider how management couldeoetasnaintain areas that produ
choughs that survive well and/or improve areas thatently produce choughs that surv

poorly.

5. In summary, analysis of long-term demographita deom Islay’s choughs sugge

that managing sub-adult survival deserves specditsideration as one effective means
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g
not

m

(0]
on

ce

st

of

increasing or maintaining the number of choughsstay.
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6. Long-term variation in sub-adult survival

6a) Introduction

Section 5 shows that one key process that causesuttmber of choughs on Islay to vary
among years is variation in sub-adult survival (i probability that a chough will survive
from fledging to age two). Section 5 also emplessithat, if sub-adult survival is to be
managed, we need to understand what causes suraigalto vary among years and among
choughs fledged from different nest sites and are®¢e therefore used the long-term
Scottish Chough Study Group data to try to idenkiy ecological variables that might

cause this variation.

6b) Methods

We tested whether variation in first-year surviiaahong choughs fledged in different years
and from different nest sites, was correlated vattspecific set of plausible ecological

variables that were selected by reference to egistnowledge of chough ecology (table

6.1). We could only test for correlations betweenvival and the ecological variables for

which reliable, quantitative data were availab&me potentially important variables could

therefore not be included in our analyses. Thestde variation in the abundance of
predators and competitors of choughs (such as peesgand ravens), precise agricultural
management practices (such as avermectin andigertiise), and rates of disease and

disturbance.

It is important to remember that observed corretetibetween survival and any ecological
variable might be caused by a common effect of stnrd factor rather than necessarily
reflecting a direct causal effect of the main egalal variable on survival. However, it is

still useful to examine how survival has variedétation to certain key variables since this

allows us to identify variables with potentially portant effects.

Full details of the analyses and the sources ofogmal and environmental data are
described in Reiét al 2008 (Appendix 3).
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Table 6.1. Tested hypotheses linking ecological @renvironmental variables to variation in

first-year survival in choughs.

Category Variable Hypothesised Rationale
relationship
with survival
Weather Summer temperature (year Positive Greater invertebrate productivity in warme
before fledging) summers (thus increased larvae abundance
the following spring).
Weather Breeding season temperature  Positive Greater invertebrate activity in warm
(natal year) weather.
Weather Winter temperature (post- Positive Greater invertebrate activity in warmer
fledging) weather, and frozen ground impedes
foraging.
Weather Breeding season rainfall Negative Reduced invertebrate activity and
(natal year and previous year) productivity in wet springs.
Weather Autumn rainfall (post- Positive Dry ground impedes foraging and drought
fledging) can kill soil invertebrates.
Weather Winter rainfall (post-fledging) Negative o6tling kills soil invertebrates and may
impede foraging.
Prey Wintertipulid larvae Positive Greater prey availability for parents and
abundance (pre- and post- fledglings in hightipulid years.
fledging)
Land-use  Areas of grazed and mowed Positive Choughs preferentially forage on short
(silage) grassland grazed grassland and silage aftermath.
Land-use  Total number of cattle, sheep Positive or  Grazing creates short grassland and dung
& livestock units, and quadratic supports invertebrate prey. Possible
stocking density detrimental effects of overgrazing?
Local Area of improved grassland Positive Choughs preferentially forage on short
habitat within specific radius of nest grazed grassland and silage aftermath
(‘improved’ grassland).
Local Area of plantation, peatland &  Negative Foraging choughs avoid these habitats.
habitat heather within specific radius
of nest
Chough Chough population size and Negative or  Competition, but possibility of local
density local breeding density quadratic facilitation through flocking & kin
clustering?
Physical Distance from exposed Positive Exposure and salinity may reduce
coastline invertebrate abundance.
Physical Distance to sub-adult flock Negative lasexd mortality during dispersal to sub-
adult flock.
Physical Territory aspect Negative (fromTipulid larvae more abundant in south and

south-east)

east facing pastures.

6¢) Among-year variation in first-year survival

Among-year variation in first-year survival (theopebility that a fledgling chough would

survive to age one) was correlated with environaleobnditions prevailing both in the

season a chough fledged (rainfall during the bregdieason) and previously (summer

temperature and breeding season rainfall the pusviear and the abundance tiggulid
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larvae during the winter before fledging). Fledglichoughs were more likely to survive to
age one when they were reared in years followitatively warm summers, dry breeding
seasons, and winters whigoulid larvae were abundant. Together, these variablgaieed

about 80% of the total among-year variation in @iosurvival (figure 6.1). In contrast, we
found no correlation between chough survival anchpieral variation in measures of

agriculture on Islay, such as total number of cowttal stocking density.

These results suggest that among-year variatidinsiryear survival in Islay’s choughs may

primarily reflect variation in weather and prey atance. It is also notable that the best
statistical model explaining variation in first-yesurvival included effects of previous rather
than current environmental conditions (ie, weataed tipulid abundance in the seasons
before a chough fledged). This suggests that theselagged effects of environmental

conditions on how likely choughs are to survivehe3e lagged effects may reflect lasting
effects of environmental variation on future pregpplations, or on the state of adult

choughs and hence their ability to raise fledglitigg are able to survive.

Figure 6.1. Among-year variation in first-year suwival estimated from SCSG data (oper
symbols, dashed line) and the best statistical madexplaining this variation (solid line). The
best model included effects of breeding season ré&tl in an individual chough’s natal year and
the previous year, summer temperature during the yar before fledging and tipulid larvae

abundance during the winter before fledging.
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6d) Among-nest site variation in first-year survivd

Variation in the first-year survival of choughs digged from different nest sites was
correlated with the area of unsuitable foragingitaalior choughs (specifically plantation,
woodland, peat bog, gorse, heather moorland, weet#o) surrounding the chough’s natal
nest site, local density of breeding choughs, aedltstance from the nest site to the Atlantic
coast and the nearest subadult flocking area fi@n#ve or Kilchoman). Fledgling choughs
were more likely to survive to age one when theddled from nest sites that had less
unsuitable foraging habitat within 300m of the nelsat had other chough pairs closer by,
that were relatively close to primary roost sitesAednave and Kilchoman, and that were
further from exposed Atlantic coast. However, eweken together, these variables
explained only about 50% of the total variatioriitat-year survival among the different nest
sites (figure 6.2). Approximately 50% of amonginsise variation in survival therefore

remained unexplained by these variables.

Figure 6.2. Estimated among-nest site variation ifirst-year survival for choughs fledged from
53 well-studied nest sites (open symbols, dashedd), and the best statistical model explaining

this among-site variation (solid line). The modeincluded effects of distance to exposed coas

—

area of unsuitable habitat surrounding a nest sitedistance to the nearest subadult flock and

local density of breeding choughs.

0.8 -

0.7 | { ’

0.6 { $ T ThLA

0.5 - 4 /{ T ’ ‘ ‘
0.4 - N Qi |
0.3 1| { \ "
0.2 I |

0.1 -9 ' t

00 L I L T R B T R E o W B LO-—

Estimated probability of first-year
survival
QO
=
=3

O
O
o
'/ O
O
e —
=0
==0_=
O

Nest site

38



6e) Interactions between year and nest site

Finally, we tested for interactions between ecalafyvariables that might explain among-
year or among-nest site variation in survival. ‘Ateraction’ means that the effect of one
variable depends on the value of another varialiter example, an interaction between
rainfall and habitat might mean that the effectaahfall on chough survival depends on the
habitat type; rainfall might have a negative efiecéome habitats but no effect, or a positive
effect in others. Such interactions are potdgtialucial in a management context, since
they may hold the key to maximising first-year sual given possible large effects of
weather andipulid abundance, which are difficult to manage direddgr example, if there
were an interaction between weather and habitan, ithmay be possible to minimise effects

of bad weather by managing the habitat correctly.

We found statistical evidence of four interactivieets on first-year survival:

)] Tipulid abundance and area of unsuitable foraging habitatithin 300m of a
chough’s natal nest site. The positive correlation betwedipulid abundance
and first-year survival was stronger for chouglesidled from nest sites that were
surrounded by more unsuitable foraging habitat flantation, woodland, peat
bog, gorse, heather moorland, wetland etc). Thigests that choughs fledged
from nest sites surrounded by less suitable habieg be more vulnerable in
years when food is scarce.

i) Tipulid abundance and local density of breeding choughs @ind a chough’s
natal nest site. The positive correlation betweépulid abundance and first-year
survival was stronger for choughs fledged from ret#s with other pairs of
choughs breeding closer by. This suggests thatetheay be increased
competition for food in areas where there are nboeeding pairs of choughs.

iii) Rainfall and area of unsuitable foraging habitat wihin 300m of a chough’s
natal nest site. The negative correlation between breeding sesasiofall and
first-year survival was stronger for choughs fletlgeom nest sites that were
surrounded by more unsuitable foraging habitatis Shggests that effects of bad
weather on fledgling survival may be less severe cboughs fledged on
territories surrounded by better foraging habitat.

iv) Tipulid abundance and breeding season rainfall the year fwge fledging.
The positive correlation betwedipulid abundance and first-year survival was
stronger in years following dry springs than inrngefllowing wet springs. The

biological interpretation of this effect is not ate but could suggest that the
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importance otipulid larvae to choughs depends on the abundance dalaity

of other food resources that are also influenced/&sgther conditions.

In summary, these interactions suggest that thatioekhips between weatheipulid
abundance and first-year survival of choughs attefired, but depend on other variables
such as the habitat surrounding a particular nestsd the local density of choughs. This
in turn suggests that detrimental effects of badther and/or lowtipulid abundance on
chough survival could perhaps be ameliorated orimaed through appropriate

management of the density of nest sites and/dndbéat surrounding these nest sites.

6f) Predicting first-year survival in future years

In section 6¢, we developed a statistical model éxalains among-year variation in first-
year survival as a function of weather ampllid larvae abundance across the period 1983-
2005 (figure 6.1). The best model included effedtsummer temperature, breeding season
rainfall andtipulid abundance during the seasons before a choughetledmd rainfall
during a chough’s natal season. Since this madehased primarily on weather atiplulid
abundance occurring before a chough fledges, itldvou theory be possible to use the
model to predict the first-year survival probalilaf any particular cohort of choughs. A
prediction could be produced in June of the cobomatal year (ie, at fledging).
Furthermore, by dropping the ‘natal breeding seaaonall’ term from the statistical model,

a prediction could be produced by March in a cobaratal year (ie, before the eggs are
laid). In this way, it would in theory be possible provide an early warning of an
impending poor year for first-year survival. Thmsght help identify years in which specific

management practices for choughs could be partligddaneficial.

To test how accurate such predictions might be,used our statistical model (originally
built using data from 1983-2005) to predict firglay survival probabilities for the 2006,
2007 and 2008 cohorts. We then compared thesécpoas with the survival probabilities
that were actually observed for those cohorts. s&h@edictions were based on a slightly
different weather dataset from that used in thgilmai model, because the original dataset
has not yet been updated to cover 2006-2008. if$teyear survival probabilities that the
model predicted for the 2006 and 2008 cohorts aesanably close to those that were
actually observed (table 6.2). However, the ptaaficfor the 2007 cohort is inaccurate — a

high survival probability is predicted whereas tieserved survival probability was in fact
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the lowest on record (table 6.2). Unfortunatetythés point, it is difficult to judge whether
the current statistical model will generally beappredicative tool, or whether survival of
the 2007 cohort was dramatically reduced by someswal circumstance that will rarely be

repeated.

Table 6.2. First-year survival probabilities for the 2006, 2007 and 2008 cohorts of choughs that
were (a) estimated from colour-ring resighting dataand (b) predicted from the statistical model

presented in section 6c.

Year (a) Observed first-year | (b) Predicted first-year
survival probability survival probability

2006 0.45 0.32

2007 0.09 0.54

2008 0.10 0.27

6g) Summary of key conclusions and implications: vation in first-year survival

1. On Islay, sub-adult survival has varied amongughs fledged in different years and
among choughs reared in different nest sites (segos 5). This variation in sub-adult
survival is a major cause of variation populatioovgh rate, and hence in the number of
choughs on Islay (see section 5). The next imporsdage of analysis is therefore |to
investigate what factors cause this variation ristfyear survival and consider whether these

factors could be managed so as to increase survival

2. Among-year variation in first-year survival wesrrelated with weather artgulid
abundance; fledgling choughs were more likely tovise to age one in years following
warm summers, dry breeding seasons and wintershigtitipulid abundance.

Although correlation cannot prove causation, amypegF variation in first-year
survival may therefore be caused primarily by w#oma in weather and invertebrate

abundance. These factors are difficult to managetty.
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3. Among-nest site variation in survival was caatetl with local habitat, local choug

yh

density and distance from coast and subadult flaclareas. However these variables

explained only 50% of observed variation in thevaaa of choughs reared in different ne
sites.

More detailed investigation of the possible causfesriation in survival of chough
fledged from different nest sites was thereforeumegl over and above that possible fr
existing long-term data. This detailed investigativas undertaken as part of the curr

project (see following sections).

4, There was evidence of interactions between teahpnd spatial effects, for examg
between weather, the density of breeding chouglstla® habitat surrounding nest sit
This suggests that any overarching effects of weatéind tipulid abundance coul
potentially be ameliorated through appropriate ngangent of nest site density and f{

habitat surrounding these nest sites.

5. There is a possibility that our statistical miodeuld let us predict in advance tl
years in which sub-adult survival will be low. $hwould raise the possibility th
additional management measures could be implemani@dargeted way to mitigate effec
of particularly poor environmental conditions. Hewer, further years of data are requirec

test this possibility.
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7. Foraging and roosting sites used by sub-adult olaghs on Islay

7a) Introduction

Section 5 shows that variation in sub-adult sutvisane key factor that causes the number
of choughs on Islay to vary among years. Howexagtively little is known about the
ecological requirements of sub-adult choughs, imseof foraging and roosting sites, and
hence how the availability of different habitatslananagement types might influence sub-
adult survival. Previous work on choughs on Isdag elsewhere has focused primarily on
adult breeders. The requirements of sub-adults maaye the same as those shown to be
important for adults. Therefore, to provide inf@tmn on which sites and habitats support
sub-adult choughs, and may therefore be key to suevival, we first aimed to identify the
precise foraging and roosting sites used by sullt-atlaughs on Islay during two full years
(April 2006 — March 2008).

7b) Methods

To identify which sites on Islay are used by subkadhoughs, foraging and roosting flocks
were located every month from April 2006 to Mardb0&. Intensive observations were
carried out for approximately one week in the maddif each month. Additional
observations were made throughout April-August 2@a8 April-July 2007. Whenever a
flock was located the time and place, the iderstité any colour-ringed choughs and the

number of unringed choughs was recorded.

Within each intensive monthly observation periode aimed to locate all colour-ringed
choughs aged two years or less. Our success rasevery high; on average 93% of
individuals that were alive were recorded in eaatntn from April 2006 — April 2008
(range 75% — 100%, see figure 12.1). Less than @D%olour-ringed sub-adult choughs
therefore went unobserved in a typical month. €hedividuals may have been present at a
site that was visited but have been missed duéftoudt viewing conditions (particularly in
some winter months). Some individuals may havenbeissed because they were foraging
or roosting at additional, unknown sites. Howewgven the high overall resighting rate of

over 90%, any use of additional sites must have beeted.

In interpreting the data, we assume that the fogagnd roosting sites used by colour-ringed
sub-adult choughs are representative of those logenhringed sub-adult choughs. Indeed,
despite substantial observation effort acrossraths of Islay that are suitable for choughs,
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flocks of unringed choughs were not encounteredydwan the areas where colour-ringed
individuals were present. Furthermore, farmers kamdlowners, who were aware of the
study and very helpful in alerting us to the presenf choughs on their land, very rarely
noted flocks of which we were not already awardwe ©nly exception is that we have few
data on the presence or location of sub-adult d®upat remained on the Oa. The
following analyses describe the foraging and rowstsites used by flocks of sub-adult
choughs, and do not include observations of nelelyged choughs that were still on their

natal territories.

Due to the presence of a high proportion of colinged individuals within most flocks, we

were certain that these flocks primarily comprisedb-adult choughs rather than breeding
adults. However, colour-rings also revealed tloahes breeding adults did join the flocks,
particularly in mid-summer and mid-winter. Sincaringed breeders could not be
distinguished from unringed sub-adults, we did aitbémpt to exclude breeders from flock
counts. Strictly, the data therefore describefthhaging and roosting locations of sub-adult

and adult choughs away from their breeding teiigtor

Data were primarily collected by Maria Bogdanovanel Reid and Eric and Sue Bignal.
Data for the Oa were collected by RSPB, and are tesnplete in terms of monthly
coverage. Some additional observations from aiheasis were also provided by RSPB staff.

7¢) Foraging sites

Most flocks of choughs were located foraging instaadune systems, primarily on the
Rhinns of Islay. The key sites were Ardnave, Kaletan, Kilchiaran, Lossit, Killinallan,
Sanaig, Smaull, Laggan and the Oa. These sitdsthanrelative use of each, are illustrated
in figure 7.1. The estimated use of the Oa is @gprate because data are not available for

every month.

Most choughs were found foraging at Ardnave andhdman (on average 48% and 28% of
the total number of choughs observed each momttdi7.1). Other dune systems, namely
Lossit, Killinallan, Sanaigmore, Smaull and Laggeagre used to a lesser extent (figure 7.1).
Overall, during April 2006 — March 2008, flocks dfioughs were therefore estimated to
spendca. 90% of their foraging time in or around dune eyss, and there are no major dune
systems on Islay where choughs were never obserlied.remaining 10% of foraging time

was almost entirely spent on newly cut silage Selgarticularly at Kilchiaran and Lossit,
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during the summer (figure 7.1). The total obseovaeffort at each site is summarised in
table 7.1. More visits were made to Ardnave andh$iman because extra visits were often

required to ensure that all colour-ringed individyaresent there were accurately identified.

The main foraging sites were used to a similar eegiluring both study years (ie 2006-2007
and 2007-2008). Slightly greater proportions g&fpng choughs were observed at Ardnave
during 2007-2008 than during 2006-2007, and ath¢itnan and Killinallan during 2006-
2007 than during 2007-2008 (table 7.1).

Table 7.1. The number of visits made to each sitesed by flocks of choughs during April 2006 —
March 2007 and April 2007 — March 2008, and the avage percentage of sub-adult choughs
that were observed in each month that were at eadite in each year. Comprehensive monthly
count data are not available from the Oa.

Total number of visits Average % of sub-adult
Site choughs observed
2006-2007 2007-2008 2006-2007 2007-2008
Ardnave 57 59 41 57
Kilchoman 57 42 26 22
Kilchiaran 25 18 7 4
Lossit 19 15 7 8
Killinallan 16 13 10 2
Sanaig 19 17 1 0
Smaull 28 20 5 6
Laggan 12 20 1 1
The Oa NA NA ~2 NA
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Figure 7.1. Location of sites at which flocks ofloughs were observed foraging during April
2006 — March 2008, and the average percentage of ehoughs observed in each month that
were at each site.

(2] ccroman |

Although the percentage of choughs that was obdexvéorage at some sites was low (ie,
<10%), it is important to note that some of thegesswere frequently used by small
numbers of choughs. At least some of these indal&lcould be identified by their colour-
rings and were known to be sub-adults rather theal breeding pairs. Figure 7.2 shows the
percentage of visits to each site on which any gheuwere observed. Choughs were
encountered on almost all visits to Ardnave andchdiman. Although Killinallan,
Kilchiaran and Lossit held a relatively small prajan of foraging choughs on average
(figure 7.1, table 7.1), some choughs were encoedten 40-75% of visits to these sites

(figure 7.2). These sites are likely to be of ¢desable value to these individuals.
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Figure 7.2. The percentage of visits to sites uség foraging chough flocks on which some
choughs were encountered. Data are not availablerfthe Oa. Filled and open bars denote
data from April 2006 — March 2007 and April 2007 -March 2008 respectively.
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A greater percentage of the choughs that were ifagag flocks may have been at
Ardnave and Kilchoman simply because Ardnave aridhikman are larger than other
foraging sites, or because foraging choughs selésténave and Kilchoman for reasons
over and above simply their area. To distingutsdsé possibilities, we tested whether
the average percentage of choughs observed ats#acharied in proportion to their
respective areas. The area of each site was ¢stirbyt summing the areas of relevant
compartments and fields, which were provided bynfns or estimated from digitised 1:

10,000 maps of Islay.

This analysis suggested that Ardnave and Kilchormoan average held a greater
percentage of flocking choughs than expected sirgplgn their areas (figure 7.3). The
other sites that were used to some extent by flotkfioughs held a smaller percentage
of these choughs than expected from their arearéi@.3). Sub-adult choughs therefore
used Ardnave and Kilchoman more than expected gigipen the area covered by these

sites. However, across the eight main sites whieaks of sub-adult choughs were
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observed to forage, the average percentage indilddhat was observed at each site was
positively correlated with the sites area<0.78, P=0.02). Larger sites therefore tended
to hold more foraging choughs.

Figure 7.3. Use of the main foraging sites used Wipcking choughs relative to the area of the
site. The filled bars show the average percentagé all flocking choughs recorded at each site
during April 2006-April 2008. The open bars show lie relative areas of each site, and henge

the percentage of flocking choughs that might havlkeen expected to be present based solely pn
area.
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Flocks of sub-adult choughs used the differentgmmg sites to different degrees in different
seasons. Ardnave and Kilchoman were used yeadr@igure 7.4). Other sites were used
only in some seasons and/or by fewer individualsome seasons (figure 7.4). For example,
the Kilchiaran silage fields were used primarilysttmmer while the Killinallan dunes were
used only in winter. It is important to note thia¢ summer peaks in use of Kilchoman and
Kilchiaran are linked. At this time, large flockd choughs used the silage aftermath at
Kilchiaran during the day and then spent some ftongging at Kilchoman prior to roosting.
The choughs that foraged at Killinallan during vwin2006-2007 roosted at Ardnave together
with choughs that foraged at Ardnave. These sedgatterns were broadly similar across
both study years. The number of choughs recoré@ednonth was generally higher during
2006-2007 than during 2007-08 due to higher sutvatgs during 2006-2007.
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Average number of sub-adult choughs

Figure 7.4. The mean number of flocking choughs alerved at each foraging site in each
month during April 2006 — March 2007 (filled symbok and solid line) and April 2007 — March

2008 (open symbols and dashed line). Means are pemted + 1 standard error for sites that

were visited more than once during a particular moth.
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7d) Roost sites

We located four roosts that were used by sub-ahatighs during April 2006 — April 2008
(figure 7.5). Most sub-adults roosted at Ardnav&itlchoman throughout both years of the
study, although a greater percentage of individuvatsted at Ardnave during 2007-2008
(table 7.2). Dun nan Nighean, the third roost lee Rhinns, was used for a relatively short
period during 2006-2007, and by relatively few induals. No flocks of sub-adult choughs
(other than recent fledglings that were still oaitmatal territories) were observed to roost at
Lossit or in the Ballygrant valley despite evenimgtches in both places. Quantitative data
describing precise numbers or locations of subtadabugh roosts on the Oa are not
available. It is notable that the two main rocmts situated within the two main foraging
sites used by sub-adult choughs.

The Ardnave roost was in a large barn that wastoacted in 2002. The Kilchoman, Dun
nan Nighean and Oa roosts were in natural clifissitBarns that could potentially be used
for sub-adult roosts are available at Lossit anthéBallygrant Valley.

Table 7.2. Comparison of the estimated percentagd sub-adult choughs that roosted at
four main sites on Islay during April 2006 - March2007 and April 2007 — March 2008. No
data are available from the Oa in 2007-2008.

Year
Roost April 2006 — March 2007  April 2007 — March 2008
Ardnave 51 71
Kilchoman 39 29
Dun nan Nighean 9 0
Dun Athad (the Oa) 1 NA
Lossit 0 0
Ballygrant Valley 0 0
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Figure 7.5. Sites at which sub-adult choughs wembserved to roost during April 2006 —
April 2008 and the average percentage of individual that were observed in each month
that roosted at each site.

Choughs used the different roost sites to differdegrees in different seasons. Use of
Kilchoman peaked in summer, broadly coinciding wttle movement of recent fledglings
(and their parents) from their natal territorieshie sub-adult flock, and with the extensive

use of silage aftermath at Kilchiaran at this tmhgear (figure 7.6).
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Figure 7.6. The mean number of flocking choughs alerved to use each roost site in each
month during April 2006 — March 2007 (filled symbok and solid line) and April 2007 — March
2008 (open symbols and dashed line). Means are pemted + 1 standard error for roosts that

were visited more than once during a particular moth.
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7e) Historical context

Our current data refer solely to the period Ap@iD8 — April 2008. It is therefore important
to consider whether the areas the sub-adult chougkd for foraging and roosting during
these two years are representative of the aretlhdkia been used in the recent past, or could
be used in the future. Detailed data similar wséhcollected during the current project do
not exist for most previous years. However, sonaéa dare available for 1986-1988
(Elizabeth Still, unpublished PhD thesis, Universit Glasgow) and for 2001 (observations
made by Eric Bignal and Jane Reid). These daiadtelthat Ardnave and Kilchoman have
been consistently important foraging and roostireps for sub-adult choughs, and that the
Dun nan Nighean roost has also been used in the @ag-adult choughs have therefore
been broadly consistent in their use of differeeta of Islay.

However, the relative use of Ardnave and Kilchorhas changed over time. During 1986-
1988, most sub-adult choughs roosted at Kilchonrangeé 40 — 120 individuals) with

smaller roosts at Killinallan (near Ardnave) andnDan Nighean (4 — 40 individuals at both
sites). Comparison with data from 1986 suggesisttie degree to which choughs use the
west Rhinns and the Oa has decreased since 19486, tiva degree to which choughs use

Ardnave has increased (figure 7.7).

Similarly, in January and February 2001, most coelinged sub-adult choughs were
foraging and roosting at Kilchoman, with relativelyw at Ardnave (table 7.3). In July
2001, most colour-ringed sub-adult choughs weradimig at Kilchoman and on newly cut
silage fields at Lossit (table 7.3). The 2001 de¢se collected over a few days of fieldwork
that was not designed to systematically identifly-adult foraging sites. The large number
of choughs observed foraging at Lossit in July 20@#s associated with silage cutting.
These data show that the relative use of key fagagnd roosting sites by choughs can vary
over time, and that sites that were used relatiliglg by choughs during the current study
may be of major importance in the slightly longeant.

It is not clear why the apparent shift in relatdistribution from Kilchoman to Ardnave has
taken place. The increased of use of Ardnave appedely coincided with the construction
of a new barn (in 2002) in which choughs now roao&tternatively, the change in relative
distribution may have been driven by a deterioraiio foraging or roosting conditions at
Kilchoman, or an improvement in foraging conditi@isArdnave. It is also notable that the

move away from Kilchoman has broadly coincided vath average decrease in first-year
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survival probability (see figure 5.2). Howevelistnot clear whether there is a causal link

between these changes.

Table 7.3. Approximate percentages of sub-adult clhighs that were observed at the main
foraging sites on Islay during January-February andJuly-August 2001. The Oa and Laggan

were not visited during these periods. Compare whittable 7.1.

Jan & Feb  July 2001

Site 2001

Ardnave 6 2
Kilchoman 83 65
Kilchiaran 1 4
Lossit 10 28
Killinallan 0 0
Sanaig 0 0
Smaull 0 1
Laggan NA NA
The Oa NA NA

Figure 7.7. Summary of locations where choughs werobserved foraging during 1986
(reproduced from Curtis et al. 1989 — in Bignal & Curtis 1989). Open squares, small dots,
medium dots and filled squares respectively indicat 1x1km squares where choughs wer
encountered on zero, 1-3, 4-10 and >10 occasiongidg 1986. Data comprise all observations

[¢)

of choughs rather than being restricted to sub-adus.
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7f) Summary of key conclusions and implications: fiaging and roosting sites of sub-
adult choughs
1. During April 2006 — April 2008, most chough fksc were repeatedly locate

foraging at coastal dune sites. Ardnave and Kiichw dunes held the majority

individuals during most of the year, and held aatge proportion of individuals than

expected given the area these sites cover.

The maintenance of coastal dune ecosystems int@bkustate is therefore likely t
be very important in maintaining or increasing slievival of sub-adult choughs on Islay.
2. The relative degree of use of the different dang sites was broadly similar durir

both years of the study. However, some choughg Wweguently encountered even at s
that held a small proportion of all individuals.
Conservation management should therefore conthéelandscape scale, and ens

that a variety of suitable habitats and sites aa@able for foraging choughs.

3. The use of different foraging sites varied ameagsons. Newly cut silage fields
Kilchiaran were particularly heavily used duringn@eAugust, while winter foraging wa
almost entirely restricted to dune systems.

These data suggest an importance of newly cutesifedds during the immediat

post-fledging period (June-August).

4. Most sub-adult choughs roosted at Ardnave (bandl) Kilchoman (cliff) during the

study period. Kilchoman has been an important fegedind roosting area for many yeg
Ardnave has been more heavily used more recentlysiple due to the construction of
suitable barn for roosting.

Suitable natural or artificial roost sites need il® maintained at Ardnave ar

Kilchoman. Provision of roost sites at other fonggsites should be considered.

5. The relative use of the different foraging andsting sites appears to have chan
over recent years. In particular, the use of Awéndas increased while the use
Kilchoman has decreased. It is not clear whethesd changes reflect deterioration
foraging or roosting conditions at Kilchoman andfonproved foraging or roostin
conditions at Ardnave, or some other factor.

These patterns reiterate the need for conservatianagement to consider t
landscape scale, and ensure that a variety ofbdeitaabitats and sites are available

foraging choughs.
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8. Precise foraging locations used by sub-adult chghs

8a) Introduction

Section 7 identifies the major foraging sites @eographical areas) used by sub-adult
choughs on Islay, and identifies Ardnave/Killinalland Kilchoman/Kilchiaran as being of
major importance during April 2006 — March 2008.e Wext focused on these sites in more
detail, and quantified exactly which locations witlthese sites sub-adult choughs used for
foraging. Specifically, we quantified whether chbs repeatedly foraged at specific
locations within Ardnave/Killinallan or Kilchomanik€hiaran, or whether they used the
whole of each site relatively uniformly. We qudieti whether locations that were used for
foraging differed between seasons or between ydaichoughs did repeatedly use specific
locations, this might allow us to determine exaetlyat foraging choughs favour in terms of
small-scale variation in habitat, and how managemaght be used to maintain or create

the favoured conditions.

8b) Methods

During each visit to each foraging site used by-adblt choughs (e.g. Ardnave or
Kilchoman, see section 7), at least 60 minutes vepent searching for chough flocks.
Different routes were followed on different vistts minimise any bias in the exact location
where flocks would be encountered. In practiceck$ that were present at any site were
generally located within 30 minutes, and were tfa@lowed for minimum of 120 minutes.
During this time the flock's movements were morethrand the locations where choughs
settled to forage were recorded using a GPS recei@S position accuracy was always
less than 10m, and generally around 6m. Howewusredarger flocks often foraged over a
reasonably dispersed area and moved gradually tnerground, GPS-marked foraging

locations should be considered to be accuratesedla of approximately 10-50m.

We used these data to visualise exactly where distaraged within Ardnave/Killinallan
and Kilchoman/Kilchiaran. The intensity with whichoughs used each foraging location
within these sites was estimated as ‘bird-occas&iofi$iis was calculated as the average
number of individuals in a flock observed foragiiga specific location, multiplied by the
number of times a flock was observed foraging tlamss all visits to that site. Intensity
was divided into high, medium and low categorigsthe purposes of visualisation, equating

to the upper, middle and lower thirds of observadation. Similar analyses were not done
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for the other foraging sites (namely Smaull, Sanbaggsit, Laggan and Oa) because chough

flocks were rarely observed foraging in these @gsee section 7).

We also distinguished locations where chough flogkse observed to forage in the spring
and summer (March — August) and in the autumn antew(September — February). These
seasons were defined by reference to the chougbisgical year, given that choughs on
Islay start to breed in March.

8c) Results

Figures 8.1 and 8.2 show the foraging locationsd use flocks of sub-adult choughs at
Ardnave/Killinallan and Kilchoman/Kilchiaran duringpril 2006 — February 2007 and
March 2007 — February 2008. These figures highkgiveral important points.

1. Foraging choughs clearly favoured specific lmcegt within both Ardnave/Killinallan
and Kilchoman/Kilchiaran. Statistical analysis sled that the locations where choughs
were observed to forage were clustered togethehmmare than expected by chance. This
implies that choughs foraging at both Ardnave/Kalian and Kilchoman/Kilchiaran
repeatedly visited certain locations within tho#ess and did not simply range randomly
over the land within a reasonable radius of thenAxe and Kilchoman roosts, or even range

randomly over the main dune areas.

2. Despite this clustering, foraging choughs usearnety of different locations and

habitats within both Ardnave/Killinallan and Kilchman/Kilchiaran. These include grazed
dune grasslands (at Ardnave and Kilchoman), largehgrazed dune grasslands (at
Killinallan), mowed grasslands (silage fields atdKiaran), beaches with kelp (west coast of

Ardnave) and heaths (cliff areas at Kilchoman).

3. Some foraging locations were used throughoutyter, such as the east coast of
Ardnave and the main dune system at Kilchoman. @&¥aw the use of other foraging
locations differed between summer and winter. &@ample, choughs foraged more along
the west coast of Ardnave and at Killinallan in temthan in summer, and in the silage
fields at Kilchiaran in summer but not winter. Thse of the Kilchiaran silage fields was

closely associated with silage cutting in June-Aidsee section 7).
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4, Although the distribution of foraging locatiomss broadly similar during both years
of the study, some differences are evident. Famgle, sub-adult choughs often foraged at
Killinallan during winter 2006-2007 but rarely dgb during winter 2007-2008. They used
the heath/cliff areas south of the Kilchoman rotsting summer 2006 but rarely during
summer 2007. This may reflect variation in the fo®sources that were available at
different locations in different years. For examgdbraging sub-adult choughs at Killinallan
during winter 2006-2007 were primarily exploitingmmg bee larvae, which may have been

less abundant during winter 2007-2008.

5. Many locations that are clearly within rangetlod Ardnave and Kilchoman roosts
were never seen to be used by foraging sub-adaligtts. These include the central area of
Ardnave, the moorland areas south-west of Ardnaw south-east of Kilchoman and,
perhaps surprisingly, the grazed fields at Rocksadd along the west shore of Loch
Gruinart. Since chough flocks were not observedtinoously throughout the year, we
cannot exclude the possibility that these locatiaese occasionally used by foraging sub-
adult choughs. However, given the relatively langenber of occasions on which chough
flocks were searched for and located (see secionseé of these locations must have been
rare. It is important to note, however, that soaneas that were apparently not used by
foraging sub-adult choughs, such as the RocksideLach Gruinart fields, were used for
foraging by breeding pairs of adult choughs thateg in these areas.

Figure 8.1. Foraging locations used by sub-adult dughs at Ardnave/Killinallan during (a)
April 2006 — February 2007 and (b) March 2007 — Feliary 2008. Locations used during the
spring and summer (March — August) are shown in yébw. Locations used during the autumn
and winter (September — February) are shown in blue Locations where choughs foraged with
high, medium and low intensity are indicated with &rge, medium and small symbols
respectively. The red star indicates the Ardnaveaost site. The circle defines a foraging area
centred on the roost site with radius equalling théongest distance foraging chough flocks were

observed away from the roostga 2km).
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8.1a) Ardnave & Killinallan, April 2006 — February 2007
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Figure 8.2. Foraging locations used by sub-adult dughs at Kilchoman/Kilchiaran during (a)
April 2006 — February 2007 and (b) March 2007 — Feliary 2008. Locations used during the
spring and summer (March — August) are shown in yébw. Locations used during the autumn
and winter (September — February) are shown in blue Locations where choughs foraged with
high, medium and low intensity are indicated with &rge, medium and small symbols
respectively. The red star indicates the Kilchomamoost site. The circle defines a foraging area
centred on the roost site with radius equalling théongest distance foraging chough flocks were
observed away from the roost.

8.2a) Kilchoman & Kilchiaran, April 2006 — February 2007

I

Machir [Bay

R

Croc na h:Uamhia *

60



8.2b) Kilchoman & Kilchiaran, March 2007 — February 2008

8d) Summary of key conclusions and implications: pcise foraging locations used b
sub-adult choughs

1. During April 2006 — February 2008, sub-adult wtios foraged repeatedly at spec
locations within Ardnave/Killinallan and Kilchomdfilchiaran, and were never observed

fic

to

forage at other locations within these same sifés locations where chough flocks foraged

covered a variety of habitats, and differed to sextent between seasons and years.
This suggests a need to maintain a mosaic of halypas within the key foragin

sites of Ardnave/Killinallan and Kilchoman/Kilchem in order to ensure that some fqg

resource for choughs is always available.

2. A selection of photographs of chough foragingatmns is provided as an electron

appendix.
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9. Habitat characteristics of foraging locations

9a) Introduction

Our study showed that flocks of sub-adult chougtreide primarily in short grazed and
mowed grassland (section 7), as also shown byque\studies on the foraging behaviour of
adult choughs. Flocks of sub-adult choughs alsdeéd to forage at specific locations within
the main grazed dune grasslands at Ardnave andhdfilen (section 8). This pattern of
utilisation could reflect several different factorgariation in prey abundance or availability,
which will itself depend partly on habitat type, yniae a particularly important determinant
of where sub-adult choughs forage. Other factach sas predation risk, disturbance and

travel time from roosts could also play a role.

However, it is not clear what precise habitats adbk choughs use for foraging within
grazed grasslands. Understanding the finer detddraging habitat selection might allow
management of grazed grasslands to be optimisedhfurghs. We therefore investigated
whether habitat characteristics differed betweeations where flocks of sub-adult choughs

were and were not observed to forage within thenAvé and Kilchoman grassland sites.

9b) Methods

During April 2006 — February 2008, comprehensivbita descriptions were recorded at a
large sample of foraging locations that were usgdub-adult choughs (see section 8). At
each foraging location, a suite of ten habitat abt@ristics were measured within a 2x2m
guadrat. These characteristics are listed anchektfin table 9.1, and were chosen because
they might be expected to influence the abundamncavailability of the soil and dung-
associated invertebrates that comprise the mawngirenoughs. For comparison, the same
ten habitat characteristics were also measured sangle of locations where sub-adult
choughs were never observed to forage (‘non-forpdatations’). These non-foraging
locations were situated within the same broad habipe (eg dune grassland) and within the
same radius of major roost sites as the foragiogtions. Habitat measurements made at
foraging and non-foraging locations were approxatyabalanced in time. We then tested
whether habitat characteristics differed betweerations where chough flocks were and
were not observed to forage within Ardnave and/dchtdoman, and whether patterns were
consistent across the two years of the study (ApoD6-March 2007 and April 2007-
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February 2008). For these analyses, seasons wénedl as follows: spring = March-May;

summer = June-August; autumn = September-Novembeter = December-February.

Table 9.1. List of habitat characteristics that wee measured at foraging and non-foraging

locations within each site used by foraging flocksf sub-adult choughs.

Characteristic

Description

Aspect Major aspect of the location, attributedNadNE, E, SE, S, SW, W
NW or flat.

Slope Major slope of the ground, estimated to the nedfest

Elevation Recorded using a GPS receiver, to theese&m.

Vegetation type

Proportion of the vegetation witlihe quadrat that comprise

grass, moss or broad-leaved plants, estimatecktodhrest 5%.

Vegetation density

Average density of vegetatiothiwi the quadrat, categorised

dense, medium, sparse or none (ie bare ground).

ad

as

Sward height (meal

and variance)

nSward height measured at ten evenly scattered ga@icitoss the
vegetated part of the quadrat. The mean and riaheach set g

ten measurements was calculated.

%4

Soil hardness

Soil hardness measured at threespwititin each quadrat using

pocket penetrometer (kg/ém

Cow pats

Number of old, medium and fresh cowpatsemt within eacl

quadrat.

Sheep droppings

Number of old and medium/fresh pslieeppings present withi

each quadrat.

>

Carcass presence

Presence or absence of an aaicad(usually sheep).

Soil type

Soil type underlying each site, extractiesn a soil map provide

by the Macaulay Institute.

9c) Results

Table 9.2 summarises the habitat characteristiderafing and non-foraging locations at
Ardnave and Kilchoman during April 2006-March 20&7d April 2007-February 2008 (see

section 8 for maps showing these sites).

Table 9.2 is at the end of the document becauseiit'a landscape page format.
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Table 9.3 summarises the statistical comparisonabitat characteristics between foraging

and non-foraging locations at Ardnave and Kilchormdaning April 2006-March 2007 and

April 2007-February 2008. Grass cover, vegetatiensity, number of cowpats and soil

hardness all differed significantly between forggand non-foraging locations at Ardnave

and/or Kilchoman in one year or the other.

Table 9.3. Summary of statistics comparing habitatharacteristics at foraging and

non-foraging locations at Ardnave and Kilchoman dumg April 2006-March 2007 and

April 2007-February 2008. The sample size is thetal number of locations at which

habitat characteristics were measured at each siten each year.

For each habitat

characteristic, the estimate of the difference beteen foraging and non-foraging

locations is presentedt+ 1 standard error.

between foraging and non-foraging locations are higighted in bold.

Characteristics that differed significantly

Ardnave Ardnave Kilchoman Kilchoman
Habitat characteristic | April 2006- April 2007- April 2006- April 2007-
March 2007 | February 2008 | March 2007 | February 2008
Sample size 93 68 44 28
Season -0.27+0.22 -0.19+0.27 -0.29+0.3 -0.20£0.44
Elevation -0.04+0.03 -0.06+0.04 0.01+0.02 -0.0120.0
Slope -0.03+0.03 0.001+0.03 0.02+0.04] -0.03+0.03
Aspect -0.04+0.25 -0.60+0.31 -0.33+£0.34 -0.38+0.41
Grass cover -0.03:0.01 -0.030.01 -0.160.06 -0.06+0.04
Moss cover -0.13+0.10 -0.11+0.11 0.07+0.18 0.0340.1
Other (broad-leaved) plants -0.01+0.01 -0.002+0.01 0.07+0.04 0.02+0.04
cover
Sward height (average) -0.02+0.01  -0.09t0.03 0.01+0.02 -0.04+0.04
Sward height (coefficient of -0.04+0.02 -0.04+0.02 -0.05+0.03 0.05+0.05
variation)
Vegetation density -1.540.38 -1.420.43 -0.83+0.53 -1.05+0.73
Number of old cow pats 2.1#1.03 0.43+0.44 0.74+0.86 0.48+0.51
Number of medium cow 1.53:0.69 0.55+0.55 1.59+1.04 0.58+1.03
pats
Number of fresh cow pats -0.77+0.81
Number of old sheep 0.02+0.15 0.01+0.12 -0.19+0.17 0.09+0.09
droppings
Number of medium sheep| 0.12+0.09 0.01+0.05 0.10+0.10 -0.13+0.11
droppings
Soil hardness -0.4#0.21 -0.990.37 0.44+0.39 0.10+0.61
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We then combined these analyses of the two sitdseitwo years into a single analysis, and
tested for overall differences in habitat charasties between foraging and non-foraging
locations. Table 9.4 lists the habitat charadiessthat differed significantly between
foraging and non-foraging locations across Ardnamd Kilchoman during April 2006 —
February 2008. There was no evidence that diftereim habitat between foraging and non-

foraging locations differed between Ardnave anckaman.

In 2006-2007, sward height was similar at foragang non-foraging locations but was less
variable at foraging locations. In contrast in 2€ZD08, sward height was shorter at
foraging locations than non-foraging locations whslward height variability did not differ

between foraging and non-foraging locations. [thi&#006-2007 and 2007-2008, there was
sparser vegetation and less grass cover at fordgiagions than at non-foraging locations.
In 2006-2007, foraging locations contained old aretium cow dung more often than non-
foraging locations, but there was no such diffeeeimc2007-2008. In 2006-2007, foraging
locations contained medium sheep droppings moendftan non-foraging spots. However
in 2007-2008, foraging locations tended to contgieep droppings less often than non-

foraging locations. These patterns are illustratefture 9.2.

Table 9.4. Summary of habitat characteristics thatliffered between foraging and non-
foraging locations across Ardnave and Kilchoman dung April 2006-February 2008.
The sample size is the total number of locations athich habitat characteristics were
measured. For each habitat characteristic, the dstate of the difference between
foraging and non-foraging locations is presented+ 1 standard error. Habitat

characteristics that are not listed did not differ sgnificantly between foraging and non-

foraging locations.

Habitat characteristic Difference between foraging
and non-foraging locations

Sample size 233

Year -1.02+1.77

Grass cover -0.04+0.01

Sward height (average) 0.11+0.05

Sward height (coefficient of variation) -0.24+0.08

Vegetation density -1.24+0.35

Number of old cow pats 5.11+1.88

Number of medium cow pats 2.40+0.50

Number of medium sheep droppings 0.11+0.04

Year * sward height (average) -0.10+0.03

Year * sward height (coef. variation) 0.17+0.05

Year * number of old cow pats -1.75+1.01
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Figure 9.2. Habitat characteristics measured at faging and non-foraging locations across
Ardnave and Kilchoman during April 2006 — February 2008. (a) mean sward height (mean +
1SE), (b) sward height variability (mean + 1SE), (cgrass cover (median and upper and lower
guartiles), (d) vegetation density (median and uppeand lower quartiles), (e) percentage of
locations with old cow dung, (f) percentage of lo¢ens with medium cow dung, (g) percentage
of locations containing medium sheep droppings andh) soil hardness (mean *+ 1SE).
Histograms show means (used for variables that wenmgormally distributed) and dotplots show
medians (used for variables that were not normallylistributed). Sample sizes for foraging and
non-foraging locations were 104 and 33 for 2006-20@nd 65 and 31 for 2007-2008.
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It is important to note, however, that our abilitydetect any associations between chough
foraging and habitat characteristics is constraibgdhe degree of variability in habitat
characteristics that we were able to observe.ekample, since Ardnave and Kilchoman are
both heavily grazed (under existing managementeageats for choughs) the mean sward
height observed at these sites was aadylcm, and varied relatively little. Experimental
variation in habitat within or across Ardnave anidckKoman would ideally be required to

definitively measure associations between choughgiog and habitat characteristics.

Choughs have previously been observed to foragmsixely on or around animal carcasses
at Ardnave, Kilchoman and other sites. Howeverjrduour field study, carcasses were

present too infrequently to allow us to collect ntitative data on their use.

9d) Summary of key conclusions and implications: Hatat characteristics in relation to

foraging locations

1. During April 2006 — April 2008, habitat charaiséics were measured at locations
where flocks of sub-adult choughs were and wereobserved to forage within the main
dune sites at Ardnave and Kilchoman.

2. Overall, locations where chough flocks foragedded to have shorter and more
variable swards, less dense vegetation cover ane mmedium and old cowpats than
locations where flocks were not observed to forage.

These results suggest that sub-adult choughseutitications within Ardnave and

Kilchoman differentially with respect to fine-scdlabitat variation.

3. Relationships between chough foraging and halitaracteristics varied among
years. Specifically, chough foraging was assodiatéh more dung in one year of the study
but not the other, and more strongly associateld ghbrter and more variable swards in one
year than the other.

These results suggest that the precise resouhasstib-adult choughs use for
foraging vary among years. Without detailed knalgke of which resource will be most
important in any particular year, an effective ngaraent strategy may be to ensure that a

range of habitat variation is always available.
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4. Flocks of sub-adult choughs foraged at locatiwite less dense vegetation and ¢
grass cover across both years of the study.
Vegetation density may therefore be a consisteatfor preferred foraging, perha

reflecting increased access to soil and therefofersertebrates.

2SS

5. There was no evidence that foraging locationsutifadult choughs were associated

with other habitat characteristics, including thember of fresh cowpats that were presen

physical features such as slope, aspect and &avati

6. However, it is important to note that habitatametteristics were measured
foraging and non-foraging locations within heawijsazed dune grasslands, that moreg
have been heavily grazed for several years. Thgnimale of the difference in habit
difference between foraging and non-foraging lasai was very small (eg, a 5m
difference in sward height).

An experimental study, in which a greater rangeasfation in habitat characteristi
was experimentally created, would ideally be resplito determine relationships betwe
fine-scale habitat variation and the preferreddorg locations of sub-adult choughs.
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10. Use of silage aftermath

10a) Introduction

Section 7c shows that although flocks of sub-aduttugh foraged primarily in coastal dune
systems, cut silage fields (silage aftermath) wase® used by a substantial proportion of
flocking individuals during the summer. We therefquantified the pattern of availability

and use of silage aftermath in more detail.

10b) Methods

During visits to chough nest sites and flockingaarduring June — August 2006 and June —
July 2007, we recorded the dates on which silaglddiwere cut and whether choughs were
observed foraging in cut or uncut silage fields.high proportion of silage fields within the
main areas used by flocking and/or breeding cho@i@hsns, Loch Gruinart and Ballygrant
valley) were monitored in this way. However, simostinuous summer fieldwork ended in
July 2007, exact cutting dates for silage fieldat tivere cut in August 2007 were not
recorded. During August 2007 and September 20@b 2007, observations were made
during a single week in the middle of the monttpfap 15" — 2d").

10c) Results

Silage fields in the areas used by foraging fledgland sub-adult choughs were cut on a
range of dates from mid-June to late August (figl@el). Of 103 fields surveyed in 2006,
36 were cut in June, 42 in July and 25 in August2007, 45 fields were cut in June and 40
in July.

Recently fledged choughs were observed to foragalage aftermath both while still with

their parents in their natal areas (particularlyhie Ballygrant valley and at Lossit), and after
joining sub-adult flocks (particularly at Kilchiara During June-August 2006, a substantial
proportion of observations of foraging fledglingadasub-adult flocks were in silage

aftermath (table 10.1). Use of silage aftermatls wat observed in mid-September (table
10.1). Sub-adult choughs were not observed ta®m uncut silage fields (at least during
the weeks and days immediately prior to cutting)t §ilage fields were used by a substantial

proportion of sub-adult choughs during June, Jaly @arly August.
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Figure 10.1. Distribution of dates on which silagdields in areas of Islay utilised by sub-adult
choughs were cut in (a) 2006 and (b) 2007.
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Table 10.1. Use of silage aftermath by sub-adult clighs in 2006 and 2007. *Data are from the

middle week of the month only.

% of all observations of % of the average number of

foraging sub-adult foraging sub-adult choughs
choughs that were in observed in each month that
silage aftermath were in silage aftermath

2006

June 13 17

July 44 51

August 15 47
September* 0 0

2007

June 10 63

July 30 24

August* 0 0

September* 0 0

Fields where silage was cut in June were used ¢peater extent by foraging chough
fledglings or sub-adult flocks than fields wherlage was cut in July and August. In 2006,
62% of all observations of choughs foraging ingelaftermath were in fields cut in June,
24% were in fields cut in July and 14% were indglkcut in August. Furthermore, 71%,
14% and 15% of the average number of newly fledgedlocking choughs observed
foraging in silage aftermath habitat were obserwvedields cut in June, July and August
respectively. These apparent differences in uge wet simply because a larger number of

silage field were cut in June than in July and Asidtigure 10.1).

There is some evidence that sub-adult choughs sitage fields that were cut in June for
longer than silage fields that were cut in July &udjust (figure 10.2). For example, fields
cut in June at Kilchiaran were used fm 6 weeks, while fields cut in July and August in
Ballygrant, Lossit and Smaull were used ¢arl0 days. There is a risk that the duration of
use of late-cut silage fields could have been wexlgnated due to the end of intensive
fieldwork in late August. However, in 2006, chosghsing fields cut in July could have
been observed up to 30-40 days later, and chowghg fields cut in July and August could
also have been observed during the mid-Septemisenadtion period (ie, up ta 60 or 30
days later respectively). In 2006, most silagklfi¢hat were cut in June were cut at the end
of June (figure 10.1). Their use by foraging chwmugherefore occurred primarily in July
and into August (table 10.1).
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Shorter use of silage fields that were cut laterthe summer could reflect a reduc

ed

abundance of invertebrate prey in these fieldds likely that sub-adult choughs use silage

aftermath because the cutting procedure distuniacgidwelling invertebrates making them

easy to locate, and provides increased accessiltdvwglling invertebrates and larvae
newly uncovered and relatively moist soil. Theeaddits may be reduced when silage is
late in the summer, by which time many invertelgdtave completed their lifecycles a

larvae and adults are no longer present in largebeus.

in
cut
nd

Figure 10.2. Relationship between the date on whic silage field was cut and the number o
days for which it was observed to be used by foragy sub-adult choughs in 2006. Multiple
datapoints coincide because adjacent fields wereteh cut on the same day and then used b

choughs for the same period.
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10d) Summary of key conclusions and implications: se of silage aftermath

1. During 2006 and 2007, silage fields in the araslay used by newly fledged ar

sub-adult choughs were cut on a range of dateagldtine — August.

2. Fledgling and sub-adult choughs foraged in dags fields extensively during Jur
— August. Silage aftermath may therefore be arontapt resource for foraging sub-ad

choughs in summer (a time when sub-adult mortahty be high).

3. There is some evidence that silage fields cuindguwune were used more and
longer than fields cut during July and August, altph further data are required
rigorously evaluate this possibility.

Managers may therefore need to consider whethefeasible to maintain a range
silage cutting dates, including some fields that@rt in June and July, in areas of Islay t

are used by choughs.

4. Any management of silage cutting for newly fledgand sub-adult choughs needs
be balanced against current management for Coresr@khere farmers are subsidised to
silage after August®). This management would tend to cause relatisghchronised laté
cutting in key Corncrake areas, which sometimeslapeavith key Chough areas.

Given this potential overlap between species mamagt programmes, furth
detailed study of chough use of silage aftermatteiation to the timing and spatial patte

of cutting may be advisable in order to inform thest effective management policy.
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11. Relationships between chough foraging and farmanagement

11a) Introduction

One focus of conservation management for choughslstay may be to encourage
appropriate management of agricultural land. Torm this approach, we collected data on
existing land management from farmers, and invatdd) whether sub-adult choughs were

more or less likely to forage in fields that ha@gbenanaged under specific regimes.

11b) Methods

During July and August 2007, 9 farmers whose fatmeer the main areas used by foraging
flocks of sub-adult choughs (section 7) were inmed using a questionnaire. These farms
covered Ardnave, Kilchoman, Kilchiaran, Lossit, IKiallan, Smaull, Sanaig and Laggan.

The questionnaire had two parts, aiming to collanti management data at the farm level
and the field level respectively. The questiommarprovided as Appendix 7.

Data collected in the first part (farm level) délsed the total areas of different grassland
management types (grazed grassland, mowed grasslathdrough grazing), livestock

numbers and general usage of fertilisers and awimseon the farm.

Data collected in the second part (field level) aded the physical and vegetation
characteristics, intensity and timing of grazing dijferent herbivores, and fertiliser and
herbicide application in fields within each farrata on soil type for the same fields were

obtained from a 1:50 000 soil map of Islay produlbgdhe Macaulay Institute.

Data were collected for 226 fields or compartmemitfin the 9 farms.In dune areas that
are not divided into fields, we used SNH’s Goosaehte compartments. As farmers had
limited time for answering questions, we focused gathering data for samples of
fields/compartments belonging to each of the maasgand management types (grazed,

mowed and rough grassland).

During April 2006 — April 2008, the precise foragitocations of sub-adult choughs were
recorded (sections 7 and 8). We categorised eatdh dr compartment for which land
management data were available as used or unusddréging choughs, respectively
comprising fields where sub-adult choughs had lmdeserved foraging at least once or had
never been observed to forage. We then relatedottaion of chough foraging to land

management.
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11c) Results

Statistical analyses confirmed that the three ngaassland types (grazed grassland (GG),
mowed grassland (MG) and rough grazing (RG)) cdaddclearly distinguished based on
their management and physical characteristics.s@ bharacteristics are summarised in table
11.1.

Table 11.1. Management and physical characteristicef grazed grassland, mowed grassland
and rough grazing fields. Values are medians (focontinuous variables) and modes (for
categorical/binomial variables). For binomial variebles, the percentage of fields where the

value equals the mode is shown in brackets.

Variable Grazed grasslandMowed grassland Rough grazing

(n=89) (n=81) (n=59)
Number of months grazed by sheep 12 7 12
Number of months grazed by cattle 10 3 12
Number of months grazed by geese 7 7 0
Timing of grazing by sheep All seasons Spring uaut + All seasons

winter
Timing of grazing by cattle All seasons Summer tuenn All seasons
Grazed by rabbits Yes (75%) No (72%) No (88%)
Years since last ploughing/reseeding 30 3 50 oemev
Grass cut for silage No (97%) Yes (100%) No (100%)
Over 5% cover by plants other than Yes (53%) No (93%) Yes (96%)
grass
Type of fertiliser used None Combined (chemicaNone
and organic)

Timing of fertiliser application - Spring -
Herbicide used No (98%) No (100%) No (100%)
Aspect Any (undulating)  Flat Any (undulating)
Soil type Podzols Podzols Peaty soils
Tendency to waterlog No (74%) No (75%) Yes (61%)

Sub-adult choughs were observed to forage in edetigrassland types, but the extent of use
varied among types. Grazed grassland was used nelasive to the area available and
rough grazing was used least relative to the avadable (figure 11.1). These data suggest
that sub-adult choughs selectively forage in gragesssland and avoid rough grazing.
Mowed grassland was used slightly less than exgegieen the overall area available
(figure 11.1). However, it is important to noteatha substantial proportion of sub-adult
choughs foraged in newly cut silage fields in thenmer, suggesting that mowed grassland
provides a key resource at this time of year (eetians 7 and 10). Sub-adult choughs also

foraged on beaches, bare sand and kelp, partigdaring the winter (section 7)
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Figure 11.1. Percentage of fields of grazed grasskh (GG), mowed grassland (MG) and rough
grazing (RG) that were used by foraging sub-adult lroughs (filled bars) relative to the total
areas of these habitat types that were availablegen bars).
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We then related the management and physical clesistats of each field to the use of that
field by foraging sub-adult choughs. These analy®gygested that fields where sub-adult
choughs were observed to forage differed from $eilthere choughs were never observed to
forage in several characteristics: timing and isiignof grazing by sheep, cattle and rabbits,
years since last ploughing or reseeding, use fageiproduction, fertiliser application and
aspect, number of months grazed by geese and bgy#ants other than grass. On average,
sub-adult choughs tended to forage in fields wahable aspect and relatively well drained
soils, that were grazed year round by sheep arutsadind most of the year by cattle, where
grass was not cut for silage, fertilisers were nséd and vegetation composition was
relatively diverse (table 11.2, figures 11.2, 1a/3d 11.4). Sub-adult choughs therefore
predominantly foraged in old grazed grasslands &s®esection 7). However, the potential
importance of silage aftermath in summer shouldralga emphasised (section 10).
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Table 11.2. Management and physical characteristicsf fields where sub-adult choughs were
and were not observed to forage. Values are mediar(for continuous variables) and modes
(for categorical and binomial variables). For binonial variables, the percentage of fields where
the value equals the mode is shown in brackets. Foategorical variables, percentage of fields

in each category is shown in figures 11.2, 11.3 aid .4.

Variable Fields used for Fields not used for
foraging (n=89) foraging (n=99)

Number of months grazed by sheep 12 9

Number of months grazed by cattle 9 7

Number of months grazed by geese 7 7

Timing of grazing by sheep All seasons All seasons

Timing of grazing by cattle All seasons All seasons

Grazed by rabbits Yes (63%) No (72%)

Years since last ploughing/reseeding 25 20

Grass cut for silage No (74%) No (56%)

Over 5% cover by plants other than Yes (55%) No (59%)

grass

Type of fertiliser used None None

Timing of fertiliser application - -

Aspect Any (undulating) Flat

Soil type Podzols Peaty soils

Tendency to waterlog No (74%) No (66%)
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Figure 11.2. Percentage of fields in which sub-aduthoughs were and were not observed to

forage with different grazing regimes for a) sheeand b) cattle. sp = spring, s = summer, a =

autumn, w = winter.
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Figure 11.3. Percentage of fields in which sub-aduthoughs were and were not observed t

forage in relation to a) type of fertiliser used ad b) timing of fertiliser use.
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Figure 11.4. Percentage of fields in which sub-aduthoughs were and were not observed t

forage in relation to a) soil type and b) aspect.
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11d) Summary of key conclusions and implications: hough foraging and farm

management

These data provide further evidence that choughagéo primarily on grazed grassla
created by low intensity agriculture (as charaststiby sheep and cattle grazing and

fertiliser use). Choughs also tended to forageampartments with well-drained soil af

variable aspect.
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12. Fine-scale variation in sub-adult survival

12a) Introduction

Section 5 shows that sub-adult survival varies ayrdroughs fledged in different years and
from different nest sites, and explains a substhptioportion of variation in the number of
choughs on Islay. In section 6, we identified egatal variables that are correlated with the
among-year and among-nest site variation in fiegtrysurvival. However, a substantial
proportion of variation remained unexplained, maarly of variation in survival among
choughs fledged from different nest sites. Furtiee, long-term data describing rates of
survival from one year to the next do not tell xaatly when or where most sub-adult
mortality occurred within each year. Understandihg precise timing and location of
mortality could allow key periods and locations the survival of sub-adult choughs to be
pinpointed, potentially allowing targeted managetmenbe designed to help maintain or
increase survival at key times or locations. Wardfore examined patterns of variation in
sub-adult survival at finer temporal and spatialss, and identified the times and locations

when most mortality occurred.

We tracked the survival of colour-ringed sub-aadlbughs every month through the main
project period (April 2006 to April 2008). Lesgensive resighting effort was maintained
through the subsequent year (May 2008 to April 2088d through the year preceding the
main project period (May 2005 — March 2006) by tBeottish Chough Study Group.
Similar data also exist from a previous period elatively intensive fieldwork on Islay,
during May 1984 to June 1987. Monthly sub-adultvsaal rates have previously been
calculated for part of this period. However, in8491987, first-year survival rates were
relatively high (figure 5.2). We are thereforeeabd compare the pattern and magnitude of
monthly mortality occurring in years when overalsf-year survival was high, average and
low (figure 5.2).

Our principal aims were to determine:
1. whether mortality of sub-adult choughs tends tauoac specific months of the year
or occurs at a constant rate across all months.
2. whether variation in sub-adult survival among céh@an be attributed to variation
in the magnitude of the same periods of peak mtyitadr to additional periods of
high mortality.
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3. whether sub-adult mortality primarily occurs befare after fledglings leave their

natal territories and join sub-adult flocks.

12b) Methods

Identifying the timing and location of sub-adult r@ity requires more intensive
observations of colour-ringed fledglings than hgsidally been possible during the long-
term SCSG study. We therefore carried out intengieriods of resighting effort during
approximately the 15— 20" of every month from April 2006 — April 2008. Dng each
period, all areas of Islay that appear to providéable foraging habitat for sub-adult
choughs were visited and searched for colour-ringdoviduals (see section 7). Territories
on which fledglings had been colour-ringed were aisited during the months immediately
post-fledging (typically June-July) to search ftedlings that had not yet moved to sub-
adult flocks. Similar but less intensive resiggtiaffort was continued by the Scottish
Chough Study Group during May 2008 — April 200%eafthe main project fieldwork
finished. A less intensive regime of monthly résiggs was also carried out during June
2005 — March 2006 in the build-up to the currerdjget. In addition, monthly resighting
data are also available for May 1984 — June 1987.

Capture-mark-recapture models were used to estimmagethly survival and resighting

probabilities for each cohort. Data collected dgr2005-2009 allowed monthly survival
rates to be estimated for the 2005, 2006 and 260@rts for their first 23-24 months of life

and the 2008 cohort for its first eleven monthdifef Data collected during 1984-1987
allowed monthly survival rates to be estimatedtf@ 1984 and 1985 cohorts for their first
24 months of life and the 1986 cohort for theistfit2 months of life. Fortuitously, the set
of years for which monthly survival data are aJalgacover the complete spectrum of
observed among-cohort variation in overall firsayesurvival: the 1984, 1985 and 2006
cohorts survived well, the 1986 and 2005 cohortsiged moderately and the 2007 and
2008 cohorts survived poorly (figure 5.2).

Totals of 54, 95, 70, 53, 57, 65 and 61 fledglihgughs were colour-ringed in 1984, 1985,
1986, 2005, 2006, 2007 and 2008 respectively. €hBmated monthly resighting
probability (the probability that any particularatlgh would be observed in a particular
month given that it was alive) varied during 20@®2 (figure 12.1). Monthly resighting
probabilities did not differ between first-year asgtond-year choughs during this time, so a

single value is shown for each month. Resightir@bability varied among months during
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the pre-project period (average= 0.56) and post-project period (avergge 0.71), but was
consistently high during the main project fieldwgririod (average = 0.93). The project
therefore achieved very high monthly resightinggadailities for sub-adult choughs.

The probability of resighting a colour-ringed indival that was alive also varied during
1984-1987 (figure 12.2). Monthly resighting proltiéies differed between first-year and
second-year choughs, so two values are shown & meanth when two cohorts were under
study. In particular, resighting probabilities wdrigher for second-year choughs than for
first-year choughs during 1985-1986. In genersdjghting probabilities were lower during
1984-1987 and 2005 than during 2006-2008, mearagrhonthly survival estimates may

be less reliable for the earlier years.

Figure 12.1. Estimated resighting probabilities ofsub-adult choughs on Islay for each month
from June 2005 — August 2008. The pre-project pesd (June 2005 — March 2006), the main
project period (April 2006 — April 2008), and the sibsequent SCSG resightings (May — March
2009) are indicated by open circles, filled circleand open squares respectively. Estimated

resighting probabilities for each month are shown # standard error.
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Figure 12.2. Estimated resighting probabilities ofsub-adult choughs on Islay for each month
from June 1984 — May 1987. Monthly resighting prohbilities for the 1984, 1985 and 198

cohorts are indicated by open circles, filled ciréds and open squares respectively. Estimated

Q)

resighting probabilities for each month are shown # standard error.
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12c) Monthly survival rates

Monthly survival probabilities for the 2005-2008haots and 1984-1986 cohorts are shown
in figures 12.3 and 12.4. These probabilities waresistently higher through the second
year after fledging than through the first, and faeguently estimated as 1.0. This indicates
that all colour-ringed fledglings that were stiliva in one month were also still alive the
next month. The slight apparent declines in saivat the end of the second year probably
reflect some dispersal of recruiting two-year diebueghs away from sub-adult flocks rather

than true increases in mortality.

Monthly survival probabilities during the first yeaf life varied significantly among months
for the 1985, 1986, 2007 and 2008 cohorts but m®t11984, 2005 or 2006 cohorts. Some

general patterns of variation are evident.

1. Survival through the first month after ringifiday — June) is generally relatively low,
reflecting mortality occurring immediately beforesmon after fledging.
2. Most cohorts experienced relatively low surVielring mid-winter (November —

January).
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3. Cohorts with low overall first-year survival@hed low monthly survival probabilities
during the late summer and autumn (July — Octotx@r)pared to cohorts that showed higher
overall first-year survival. Specifically, the wually low first-year survival of the 2007 and

2008 cohorts primarily reflects unusually low swaliduring the late summer.

Figure 12.3. Estimated monthly survival probabiliies for sub-adult choughs on Islay. Surviva
probabilities for the 2005, 2006, 2007 and 2008 oottts are shown in filled and open circles and
filled and open squares respectively, for every mah from fledging until age two (2005 and
2006 cohorts) or up to April 2009 (2007 and 2008 bkorts). Standard errors are not shown for
clarity. Labels denote the final month of each swival period (for example, ‘S’ indicates

survival from August to September).
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Figure 12.4. Estimated monthly survival probabilifes for sub-adult choughs on Islay. Surviva

probabilities for the 1984, 1985 and 1986 cohorts@ shown as filled and open circles and filled

squares respectively, for every month from fledgingintil age two (1984 and 1985 cohorts) o
age one (1986 cohort). Standard errors are not stvm for clarity. Labels denote the final

month of each survival period (for example, ‘'S’ indcates survival from August to September).
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12d) Summary of key conclusions and implications: onthly survival rates

1. Monthly survival rates were estimated for segehorts of choughs on Islay (198
1985, 1986, 2005, 2006, 2007 and 2008). The dvérst-year survival rates of thes

cohorts covered the full range of variation obsdree Islay during 1983-2008.

2. Most cohorts showed relatively low survival aigriMay — June in their first yez
(the pre- and immediate post-fledging period). Moshorts also showed relatively Ig
survival during mid-winter (approximately NovemberFebruary). The cohorts with tk
lowest overall first-year survival (2007 and 20G@G830 showed particularly low surviv

during the late summer and early autumn (July -okar).

3. These data indicate that survival may typicatlg relatively low during the
immediate fledging period and mid-winter, but thahorts that show particularly low firs|

year survival experience additional periods of kawwival during late summer.
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4. Sub-adult survival through the late-summer pk@ppears to have been worse in

recent years than in the 1980s. It is not cleay tils is, but possible links to changes|in

weather and in the timing of silage cutting andeottomponents of land management cquld

potentially be responsible.

12e) Location of first-year mortality

By multiplying consecutive monthly survival probkies for each cohort, ‘survival curves’

can be created, showing the proportion of each rtadsiimated to be still alive in each
month through the first two years after fledgirgurvival curves for the 1984-86 and 2005-
2008 cohorts are shown in figure 12.5. Fledglitygécally move from their natal territories

to flocking areas during late June or early Julyoggn by the grey bar on figure 12.5).
These summary data suggest that although some ltyodecurs before fledglings leave

their natal territories, substantial mortality alsocurs after fledglings reach the flocking

areas.

To verify this conclusion, detailed data on theitignof movements of fledglings from natal
territories to sub-adult flocks was recorded far #06 and 2007 cohorts during the project
fieldwork. 43 of 57 (75%) and 42 of 65 (65%) catounged fledglings from the 2006 and
2007 cohorts respectively were observed to reaehstib-adult flocks. Given that the
overall first-year survival rates for these cohavere 0.48 and 0.08 respectively, these data
confirm that substantial mortality occurred in tHecking areas rather than on natal
territories. Furthermore, it is possible that aadmumber of fledglings may have reached
the flocks but died before being observed therer €timate of the proportion of mortality

that occurred at the flocking areas is therefor@ramum.
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Figure 12.5. Estimated survival curves (the propdion of cohort members estimated to be alive

|®N

in each month) for the cohorts of choughs fledgedni 2005 (open squares), 2006 (fille
triangles), 2007 (open triangles), 2008 (filled draonds), 1984 (filled circles), 1985 (open circles)
and 1986 (filled squares). The grey bar indicatethe typical timing of movement from natal

territories to sub-adult flocks.
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Although substantial sub-adult mortality occurredtlae flocking areas rather than on
breeding territories, we cannot necessarily corelint the key areas to manage in order to
maximise sub-adult survival are the flocking areAsalyses of long-term SCSG data (up to
2004) showed that choughs fledged from particuésst sites and particular areas of Islay are
more likely to survive through their first and salgent years (regions BGE versus CNSW,
figures 5.6 and 6.2, table 5.1, Reid et al. 2008his suggests that even though most
mortality occurs in the flocking areas, an indivatls probability of survival is influenced by
its natal location. We therefore investigated wimaight cause this dependence of
subsequent survival on natal location. We firsrmeied whether broad patterns of spatial
variation in survival observed across the long-telata continued across more recent years.
Specifically, we tested whether choughs fledgethéregions BGE during 2005-2007 were
more likely to survive to ages one or two than dimufledged in CNSW.

On average, choughs fledged in region BGE durir@s20 2007 were again more likely to
survive to age one than choughs fledged in CNSWis difference in annual survival was

particularly marked in 2006, but was non-existen007 (the year in which overall first-
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year survival was unusually low across the wholeytation). On average, choughs fledged
in BGE also tended to be more likely to survivenirage one to age two than choughs
fledged in CNSW. However, this difference was siattistically significant, primarily due
to the small sample size of individuals remaininfhese analyses continue to support the
suggestion that choughs fledged in specific arédslay (BGE) have higher post-fledging
survival rates than choughs fledged in other af€a&SW, figure 5.6).

Table 12.1. Estimated first-year and second-yeawusvival probabilities for choughs fledged in
the regions BGE and CNSW during 2005-2007. The ramps BGE and CNSW are depicted in
figure 5.6.

Estimated probability of| Estimated probability of Mean estimated

first-year survival second-year survival probability of survival

from fledging to age two

Fledged in: BGE CNSW BGE CNSW BGE CNSW
Cohort
2005 0.38+0.09] 0.26+0.09 0.82+0.1p 0.83+0.15 0.31 220
2006 0.76%0.09 0.25+0.08 0.79+0.09 0.63+0.17 0.60 160
2007 0.04+0.04 0.10£0.05

12f) First-year survival by foraging and roost site

The difference in first-year survival between chiesidledged in different regions of Islay

could arise because conditions experienced durnogvt directly increase a chough’s

subsequent survival, or because choughs fledgedifierent regions subsequently use

different foraging or roosting areas. In 2006 (2007), choughs fledged in BGE primarily

moved to Ardnave and choughs fledged in CNSW piignanoved to Kilchoman (figure

12.6). Choughs that moved to Ardnave and Kilchomavived at different rates through
the late summer and autumn (figure 12.7). Basedata from 2006 and 2007, it is therefore

difficult to determine whether variation in firsegr survival observed across choughs

fledged in BGE and CNSW is due to direct effectaatial location, or to links between natal

location and movements to particular foraging awkting flocks.
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Figure 12.6. The percentage of colour-ringed fledijigs that were observed to reach the mait
sub-adult foraging and roosting sites at Ardnave (fled bars) and Kilchoman (open bars) in
2006. Data are divided into families from the region of klay where first-year survival has
historically been high (BGE) and low (CNSW, see fige 5.6). Similar movements were
observed in 2007.
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Figure 12.7. The percentage of sub-adult choughhkdt joined foraging and roosting flocks at
Ardnave (filled symbols and solid line) and Kilchonan (open symbols and dashed line) tha

were still alive in each subsequent month in (a) 286 and (b) 2007.
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Some direct effect of natal location is likely givéhat, over the long-term data, choughs
fledged in BGE survived better than those fledgedCINSW even in years when all
subsequently foraged and roosted at Kilchoman.h Sudirect effect of natal location may,
however, be exacerbated by differences in the tiongdi experienced at different foraging

and roosting sites.

129) First-year survival and parental state
Our study also suggested that survival of sub-athdughs covaries with varies aspects of
the state of their parents. Two points are sunsadrbelow rather than being reported in

detail.

First, parents stayed with their offspring for dansially longer after fledging in 2006 (the
year when first-year survival was high) than in 2@the year when first-year survival was
very low, figure 12.8). Figure 12.8 also showg tiraboth 2006 and 2007, parents that had
bred in regions of Islay where first-year survivels historically been high (BGE) spent
longer with their fledglings than parents from @t of Islay where first-year survival has
historically been low (CNSW). Fledgling survivaaws/itherefore correlated with the duration
of parental care. This may reflect a causal efééqtarental care on fledgling survival, or
indicate that both parental care and fledgling satvdepend on some other variable (such
as food availability).

Figure 12.8. The average number of days that parémremained with fledged offspring in 2006
(filled bars) and 2007 (open bars). Data are divield into families from the region of Islay

where first-year survival has historically been hidp (BGE) and low (CNSW, see figure 5.6).
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Second, analyses of long-term data showed thatyla survival of choughs was correlated
with the longevity of parents. Specifically, paerthat lived for more years tended to
produce fledglings that were less likely to surviteough their first year of life (figure
12.9). The mechanisms underlying these relatigusshre not clear, but further highlight
that survival of sub-adult choughs may be tighithkéd to the state of their parents.

Figure 12.9. Relationships between the estimateddt-year survival probability of fledgling
choughs and the lifespan of their father. Black,tgppled and grey lines indicate years wherj
first-year survival was high, medium or low. Firstyear survival was similarly correlated with

maternal lifespan.
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Our original plan was to relate variables such asemtal provisioning rate, distances
travelled and fledging date to fledgling survivadlowever, since almost all fledglings that
were colour-ringed in 2007 died before the endhafirtfirst year there is little statistical

power to detect effects.

12h) Summary of key conclusions and implications:ocation and parental effects on

sub-adult survival

1. Most mortality of sub-adult choughs occurreceiafiedglings had left their nata
territories and moved to sub-adult foraging andstiog sites (see section 7). However, sub-

adult survival rates varied with natal locationg(s¢so sections 5 and 6).
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2. In 2006 and 2007, choughs fledged in differ&gions of Islay tended to move to
different foraging and flocking areas. It was #fere not possible to clearly distinguish
whether variation in sub-adult survival among chHwufiedged in different regions reflected
direct effects of natal location or correlated &lon in environmental conditions
experienced in subsequent months.

3. Further analyses suggested that fledgling saftwiias correlated with the duration [of
parental care and with parent longevity, suggestag the survival of sub-adult choughs
may be to some degree linked with the state of fraents.

Sub-adult survival may be maximised by maximispagental state, for example

through appropriate management of breeding telegor
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13. Comparative demography of chough populations

13a) Introduction

All analyses presented so far have focused entmelglata from choughs on Islay. It would
be extremely valuable to consider the wider contamtl to compare the ecology of Islay’s
choughs with the ecology of choughs elsewhere.s Thbecause, when looking at any one
population such as Islay, only a small part of tfaural range of variation in chough
ecology (specifically, variation in breeding succesd survival and links with habitat and
environment) may be observed. By looking at otlp@pulations, some additional
management options may become evident, and it mgpobsible to understand more about
the possible consequences of management actiontakieathe focal population beyond the

range of variation it has recently experienced.

To place our understanding of the ecology of Idaghiough population in wider context, a
final aim of the current research project was ® ¢bmpare breeding success and survival

observed on Islay with that observed in other chquagpulations.

13b) Data and methods

Some degree of monitoring has been undertakenhier &uropean chough populations in
recent years. Monitored Atlantic coast populatiordude Colonsay, Isle of Man, Wales
(North Wales and Pembrokeshire), Ouessant, Cornavradl Ireland. Of these, data on
breeding success and survival were kindly providedolonsay by David Jardine and Mike
Peacock, the Isle of Man by Allen Moore, and fore€sant by Christian Kerbiriou.

Islay breeding success and survival data cover -PO88 and 1983-2008 respectively.
Colonsay breeding success and survival data cd3&6-2008 and 1999-2008 respectively.
Isle of Man breeding success and survival data rcal@86-2008 and 1989-2008
respectively. Ouessant breeding success data d®8§-2007, and no survival data are

available.

13c) Results

Table 13.1 shows the mean breeding success andvaumates estimated for each
population. Mean breeding success has on avesggediightly higher on Colonsay and the
Isle of Man than on Islay. However, mean breedunccess in all three populations has been

higher than on Ouessant.
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First-year survival (the probability that a fledgli chough would survive to age one) has on
average been similar on Islay and Colonsay, amghtsli lower on the Isle of Man (table
13.1). Second-year survival averaged slightly éighn Colonsay and the Isle of Man than
on Islay (table 13.1), although these estimatedased on small sample sizes and so cannot
be calculated for exactly the same periods. Aduivival was similar on all three islands,
but tended to be slightly higher on the Isle of Mea lower on Islay (table 13.1).

Table 13.1. Mean estimated breeding success and wgwal rates in different chough
populations. Breeding success (the number of chiskledged per monitored breeding attempt)
and survival rates were estimated across all dateof each population and, to allow direction
comparison, across equivalent periods for each pofation. These periods are denoted by B1
(1981-2008), B2 (1986-2008) and B3 (1996-2007) bweeding success and S1 (1983-2008), S2
(1989-2008) and S3 (1999-2008) for survival. Islds can be compared directly by reading
along individual lines. The figures in brackets gie the number of breeding attempts across
which mean breeding success were estimated. Surivates are estimated from up to 1214,
127 and 643 colour-ringed fledglings on Islay, Cotsay and Isle of Man respectively. Means

are presentedt 1 standard error.

Islay Colonsay Isle of Man Ouessant
Breeding success 1.96+0.05 (881
1.91+0.05 (7467 | 2.13+0.11 (194F | 2.07+0.06 (626Y
1.96+0.06 (378 | 2.25+0.13 (128 | 2.17+0.08 (408° | 1.60+0.12 (1517
First-year survival 0.40 +0.62
0.36 + 0.0%° 0.30 + 0.0%?
0.36 £ 0.08° 0.36 £ 0.05° 0.28 +0.03°
Second-year survival 0.69 + 015
0.68 + 0.08° 0.82 + 0.05°
0.79 £ 0.08° 0.85 +0.07°
Adult survival 0.80 + 0.0%
0.81 +0.02° 0.85 + 0.02°
0.80 +0.0%° 0.83 £ 0.08° 0.83 £ 0.03°
Resighting rate 0.77 £0.83 0.83 +0.0%° 0.60 + 0.0%°
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Mean breeding success was positively correlatedsacyears on Islay and Colonsay,
showing that a successful breeding year on Islag &nded to be a successful year on
Colonsay (figure 13.1). This is perhaps not ssipg, since Islay and Colonsay are close
together and might therefore be expected to expegigimilar environmental variation from

one year to the next.

However, mean breeding success was also corredateds Islay and the Isle of Man (figure
13.1). This relationship suggests that some laogdée component of environmental
variation, such as weather, simultaneously inflasnchough breeding success in both
Scotland and the Isle of Man. There was no cdrogidbetween mean breeding success on
Islay and Ouessant, which is perhaps not surprgimge these populations are so far apart.

Figure 13.1. Correlations between mean annual bréding success (the number of chicks
fledged per breeding attempt) on (a) Islay and Colwsay and (b) Islay and the Isle of Man
Each data point represents a single year.
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First-year survival rates have varied among yearalbthree islands (figure 13.2, see
also figure 5.2 for the full Islay dataset). Fystar survival probability could not be
estimated for Colonsay in 2000 because only fougkshwere colour-ringed in that
year. Variation in first-year survival probabiliig not correlated across the three
islands. However, annual estimates for Colonsayb@sed on very small sample
sizes, meaning that patterns of among-year vanasibould be interpreted with
caution. Despite this, first-year survival estiesator Colonsay are much lower for
2004-2006 than for 1999-2003 (figure 13.2).

Figure 13.2. Estimated first-year survival probabiities for colour-ringed choughs
fledged on Islay (open circles, dotted line), Islef Man (filled circles, solid line) and

Colonsay (filled squares, dashed line).
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13d) Summary of key conclusions and implications:amparative demography of

chough populations

1. Overall, estimates rates of chough breedingesscand survival were broadly

similar across Islay, Colonsay and the Isle of Marfhis broad similarity of

independent estimates from different populatiorggyssts that our estimates for Islay,
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and our estimates of the sensitivity of populatpowth rate to breeding success and

survival, are likely to be robust.

2. However, mean breeding success (the numberickscHedged per breeding

D
=

attempt) on Islay was slightly lower than on Cokner the Isle of Man (but highg
than on Ouessant).

Islay’s choughs may therefore be slightly underfgrening in terms of
breeding success compared to neighbouring popoatio

3. First-year survival averaged slightly higherlsiay and Colonsay than on the
Isle of Man. However, first-year survival has earimarkedly among years on both
Islay and Colonsay, and choughs on both thesedsl&ave experienced very lgw

first-year survival rates since 2003.

3. Second-year survival has been higher on Coloasdythe Isle of Man than gn
Islay, although all estimates are based on smalptasizes.

4. Although adult survival has been broadly simédaross all three islands, adult
survival has been lowest on Islay. Since chouglufaion growth rate is sensitive to
variation in adult survival, bringing the adult gwal rate on Islay up to that observed
on Colonsay and the Isle of Man would be expectdappreciably increase

population growth rate.

5. The lower population growth rate observed oaylshan on Colonsay and the
Isle of Man over recent years can be attributddueer breeding success, second-year

survival and adult survival, and not to lower fiygtar survival.

6. Continued monitoring should be supported on @sdy and the Isle of Man as
well as Islay. These datasets will ultimately allecological correlates of variation jn

breeding success and survival to be compared apopagations.
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14. Summary of knowledge transfer events and presetions

Formal knowledge transfer events and presentatamged out under this project are
as follows. In addition, throughout the projediere were frequent interactions
among researchers, farmers, conservation pradaisompolicy makers and the wider

public.

a) International Chough Conference, Ayr, SeptembeR007.

This two-day meeting was attended by conservatianagers and chough researchers
from across Europe.

Proceedings are attached (Appendix 6).

b) Farmer’s meeting, Islay, January 2008.

This evening meeting was attended day35 farmers and landowners from across
Islay.

Presentations were made by Jane Reid and MariaaBogd.

A DVD was subsequently produced for Lord Margadale.

c) Direct feedback to farmers and landowners.
Letters were written to farmers and landowners igiiog feedback on their own

choughs.

d) Machair Ecology Conference, Glasgow, December @9.
Presentation by Maria Bogdanova.

e) Scottish Ringers’ Conference, Braemar, Novembe&006

Presentation by Jane Reid.
f) Scottish Chough Forum Meeting, Islay, April 2009

Final project meeting at which conclusions and mem@ndations were presented,

discussed and agreed.
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17. Glossary

Breeding success number of chicks fledged from any particulardaliag attempt.
Demographic rate— a component of demographic variation that iseeigd to
contribute to variation in population growth ratedehence the number of choughs in

any population. The main demographic rates considen this report are breeding
success, first-year survival, second-year sunawa adult survival.

Elasticity — a scaled sensitivity, that allows sensitivityb® directly compared across
different demographic rates.

Foraging site— a broad area used by foraging choughs (e.g. a&nKilchoman,
Killinallan, Kilchiaran, Smaull, Sanaig, Lossit, §gan and Oa).

Foraging location— a specific location used by foraging choughswita foraging
site.

Mortality rate — the estimated probability that a chough will detween one month
or year and the next.

NERC- Natural Environment Research Council

Population growth rate- the relative change in population size from gpear to the
next. A population growth rate of 1 means thatyatfon size is the same as last
year. A population growth rate of great than 1 nsethat the population is larger than
last year, and a population growth rate of les® thaneans that the population is
smaller than last year.

Resighting probability— the estimated probability that a particular colonged
chough would be seen in any given month or yeagrgthat it was still alive.

RSPB- Royal Society for the Protection of Birds

SCSG- Scottish Chough Study Group

Sensitivity— a quantity that describes the extent to whicpugaiion growth rate
would be expected to change in response to a somahge in any particular
demographic rate.

SNH- Scottish Natural Heritage

Survival probability— the estimated probability that a chough willveug from one
month or year to the next.
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Table 9.4. Description of habitat characteristicobserved at foraging locations and non-foraging lations at Ardnave and Kilchoman during April
2006-March 2007 and April 2007-March 2008. Legendsre defined below the tables

Ardnave
April 2006 — March 2007: Sample sizes for foraging and non-foraging locatianwere70 and 23
type elevation | slope aspect SHm SHcv SCg | SCm | SCo VD CDo | CDm | CDf | SHDo | SHDm SoilH ST
foraging 18+1 5| 1(S/Efflat)| 36.7+2.6| 23.8+16] 64 0 9| 1 (sparse 0 0 0 0 0| 0.9+0.1 2 (podzols)
non-foraging 20+1 5| 1(S/Efflat)| 46.9+4.8 30.0+18 75 0 16| 3 (dense 0 0 0 0 0| 2.1+0.3| 2(podzols)
Ardnave
April 2007 — March 2008: Sample sizes for foragingnd non-foraging locations were 47 and 21
type elevation | slope aspect SHm SHcv SCg | SCm | SCo VD CDo | CDm | CDf | SHDo | SHDm SoilH ST
foraging 17+1 5| 1(S/E/flat)| 30.2+25 23.9+2.0 60 0 16| 2 (medium) 0 0 0 0 0| 0.9+£0.1 2 (podzols)
non-foraging 19+2 5| 1(S/Eflat)| 46.5+2.8/ 29.7+2.2| 73 0 20 3 (dense 0 0 0 0 0| 1.5+0.2| 2 (podzols)
Kilchoman
April 2006 — March 2007 Sample sizes for foraging and non-foraging locatins were 10 and 34
type elevation | slope aspect SHm SHcv SCg | SCm | SCo VD CDo | CDm | CDf | SHDo | SHDm SoilH ST
foraging 35+4 10| 1 (S/Efflat)| 45.0+£2.9 26.6+1.9 67 0 19| 2 (medium) 0 0 0 0 0| 1.7 +0.2| 2 (podzols)
non-foraging 32+5 15 3(N/W)| 42.1+6.0 346+47 81 0| 10| 2 (medium) 0 0 0 0 0| 1.2+0.2| 2 (podzols)
Kilchoman
April 2007 — March 2008: Sample sizes for foragingnd non-foraging locations were 10 and 18
type elevation | slope aspect SHm SHcv SCg | SCm | SCo VD CDo | CDm | CDf | SHDo | SHDm SoilH ST
foraging 25+4 10| 1 (S/E/flat)| 37.8+2.4 30.6+2.00 67 0 22| 2 (medium) 0 0 0 0 0| 1.4+0.2] 2 (podzols)
non-foraging 27 +5 10| 1 (S/Efflat)| 42.4+4.3| 265+3.8 76 0 17 3 (dense 0 0 0 0 0| 1.4+0.2 2(podzols)




Ardnave & Kilchoman, April 2006 — March 2008: Sample sizes for foraging and non-foraging locatiwere 169 and 64

type elevation | slope aspect SHm SHcv SCg | SCm | SCo VD CDo | CDm | CDf | SHDo | SHDm SoilH ST
foraging 22+1 5| 1(S/Efflat)| 36.7+15 25.1+1.0 64 0 15| 2 (medium) 0 0 0 0 0| 1.3+0.1] 2 (podzols)
non-foraging 22+1 5| 1(S/Efflat)| 45.4+2.2| 30.1+13 76 0 17 3 (dense 0 0 0 0 0| 1.7+0.1| 2 (podzols)

Legend:

Elevation elevation at quadrat (m)

Slope slope at quadrat (degrees)

Aspect aspect at quadrat, recorded in 9 categ@ilésN, NE, E, SE, S, SW, W, NW), then given arscbetween 0 and 4 (as a difference of SE, so S&=B, flat=1; NE,

SW=2; N, W=3; NW=4).

SHm mean sward height (mm)

SHcv variability in sward height: coefficient ahnation (%)

SCgqg grass cover (%)

SCm moss cover (%)

SCo other (broad-leaved) plants cover (%)

VD vegetation density, recorded in 4 categoriesi{he, e.g. on beach, 1=sparse, 2=medium and 3gdens

CDo number of old cow pats per quadrat/location

CDm number of medium cow pats

CDf number of fresh cow pats

SHDo number of old sheep droppings per quadraitioc

SHDm number of medium sheep droppings

SoilH soil hardness (kg/én

ST soil type, 4 main types found at these sitep€hty, 2=podzols, 3=gleys, 5=alluvial)



