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1. Power lines are one of the major causes of uralatleaths for birds in the African-
Eurasian Regions. Document UNEP/CMS/Inf.10.38 resithe worldwide and increasing impact
of electricity transmission lines, conductors amadrs in causing injury and death to migratory
species. A summary of this review can be foundNEB/CMS/Conf.10.29/Rev.2.Without action
many populations of migratory birds and potentiailjividual species may be severely affected,

2. COP7 (Bonn, 2002) adopted Res.7.4 which calteBarties and non-Parties to curb the
increasing electrocution risk from medium-voltageansmission lines to migratory birds and to
minimize this risk in the long term. The Resolutadso encouraged constructors and operators of
new transmission lines and towers to incorporafg@piate measures and to appropriately
neutralize existing towers;

4. COP8 (Nairobi, 2005) adopted the CMS Stratedgm R006-2011. Target 1.4 notes
“emerging and existing threats to migratory speaied obstacles to migration identified and
reviewed at regular intervals and guidelines foprapriate actions developed”. Document
UNEP/CMS/Conf.10.22 provides an updated CMS Strateign for 2006-2014 and one of the
milestones for Target 1.4 is the adoption of gurs on how to avoid or mitigate impact of
electricity power grids; and

5. Thanks to the financial support of the Germaatteicity company RWE Rhein-Ruhr
Netzservice GmbH, “Guidelines on how to avoid otigaite impact of electricity power grids on
migratory birds in the African-Eurasian Region” wesrepared and presented to the AEWA
Technical Committee in September 2011. The fulld8lines are included below in this
document.

Action requested:

The Conference of the Parties is invited to:

a. Consider and endorse the enclosed Guidelines fiig&ting Conflict between Migratory
Birds and Electricity Power Grids; and

b. Adopt draft Resolution UNEP/CMS/Resolution 10.11.

For reasons of economy, documents are printedlimided number, and will not be distributed at theeting.
Delegates are kindly requested to bring their capthe meeting and not to request additional capies
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Disclaimer

The designation employed and the presentationeoffrthterial in this document do not imply the
expression of any opinion whatsoever on the paffE&VA and CMS concerning the legal status of
any State, territory, city or area, or of its autties, or concerning the delimitation of theirtiteers and
boundaries.
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Step Chart

To minimise the effects of power lines on birdgteaountry should take the following steps:

Step 1 Develop and support strategic long term planoingationwide electricity grid networks, including
putting low to medium voltage power lines belowgrd. Apply appropriate Strategic Environmental
Assessment (SEA) procedures for decisions on the afgpower lines on a national scale and applifasim
appropriate Environmental Impact Assessments (Bi8yedures on the construction of a power line once
it has been decided that such a power line is mkeddpects of the risk for bird collision and etecution
should be integrated into the EA procedures.

For more details on how to apply SEA and EIA praged we refer to AEWA Conservation Guidelines
No. 11 (2008)Guidelines on how to avoid, minimise or mitigatpauct of infrastructural developments
and related disturbance affecting waterbirddeEWA Technical Series no.26.

Step 2 Develop and support collaboration between akettalders (utility companies, conservationists,
governmental organisations) through support of Memda of Understanding on a volunteer basis, for
example, or, if necessary, impose the cooperafiatility companies for strategic planning and gtiion

of negative effects on birds through legislation.

Step 3 Develop scientifically based databases and dphitiasets on the presence of protected areas and
other key bird areas and presence of susceptibdespiecies, including flight routes of these specie
between breeding, feeding and resting areas asawdlhportant migration corridors. These datasets
enhance strategic planning in steps 1 and 2 aridedeffiorities in step 4. If no data are availablech as
from regular national bird monitoring projects, titfeeld data must be collected for a minimum of gear.

Step 4 Routing new above ground power lines away from &eesas for birds, taking into account the
presence of protected areas (with either a natmriaternational status), abiotic factors thalliefice the
bird/power line conflicts and the susceptibilityrefevant bird species.

Step 5 Develop priority lists of key conservation areasl species in order to identify priorities for
mitigating sections of new power lines and rettiofif existing power lines.

Step 6 Mitigate problematic sections of power lines, tbexisting and planned, to minimise the effects of
electrocution and collisions on birds by usinges@ftthe-art techniques.

Step 7 Develop and support evaluation programs that staedardised protocols to monitor the
effectiveness of mitigation measures as well amprove mitigation techniques, including monitorioig
incidents (electrocution and collision) and theserece and movements of birds in order to assess the
(species-specific) scale of impact.



1. Introduction

Because of their size and prominence, above greleuattical infrastructures represent significasiksifor

birds if certain precautionary measures are nettaklost above ground power lines (both mediunagelt
distribution lines and medium to high voltage traission lines) present potentially fatal risks liinds
through risks of collision with overhead wires dhd risk of electrocution. A bird collision occurben a
flying bird physically collides with an overheadot&. The bird is typically killed by the impact Wwithe
cable, the subsequent impact with the ground, es ftom the resulting injuries. Electrocution djied
occurs when it bridges the gap between two enatgismponents or an energised and an earthed (also-
called ‘grounded’) component of the pole structdreis results in a short circuit, with electric mmt
flowing through the bird’s body, and electrocutiaften accompanied by an outage of the electricity

supply.

Power lines are one of the major causes of undateaths for birds in a large part of the Africanrésian
Flyways with, for example, an estimated many milief collision victims each year in Germany alone
(Hoerschelmamet al, 1988). In several European countries a relatige proportion of collision victims
involve endangered species of Appendix | of thed8iDirective,e.g. European SpoonbillPlatalea
leucorodig and Black-tailed Godwit jmosa limosain the Netherlands, and bustards and eagle spiacie
Spain and Portugal. The problem is also believédxtserious in Africa. In South Africa, for examptee
survival of several critically endangered spedash as Blue Cranéijthropoides paradiand Ludwig’s
Bustard Neotis ludwigi), is believed to be severely threatened due tbsmms with power lines.
Unfortunately, for most of the continent concreségadare missing.

Although nowadays electrocution is not much of@bpem in Northwest Europe, where most of the lower
voltage lines have been placed underground, therstil many countries, both in Europe and elseehe
along the African-Eurasian Flyways, where low aretimm voltage lines have not been equipped with
proper mitigating measures. In these countriestrelaation poses a serious threat to a number of
populations, in particular storks and raptors khaid their nests on the electricity poles or usegoles as
perches. There are indications that for certaith fiiecies, particularly larger species, electrooutiay be

the most serious cause of death; even more thdrnnaféic (Haast al, 2005). Electrocution of birds is not
just a conservation issue, it also has seriousanimand financial consequences due to the disnpdi
power supplies and thereby presents a cause feeonoamong electricity distribution companies.

Unfortunately, many electricity companies are neae of, or are reluctant to apply, state-of-thebad
safety provisions. Sensible changes to the rowfrige power lines and changes to the structureth (b
marking overhead wires and modifications to avéédteocution) can effectively reduce the risk posed
birds by 50 percent or more.

A large number of studies, including previous rexge have been published on the issues involved.
However, the information is scattered, not alwagsilg accessible (much in internal reports andygre
literature’), much is of anecdotal character andarview of the magnitude of the conflict betwéénals

and electricity power grids at the scale of thadsfin-Eurasian region is lacking. The same apptiethe
solutions to avoid electrocution and various meastw mitigate collisions. Therefore, the secratamf

the Convention on the Conservation of Migratory Gge of Wild Animals (UNEP/CMS) and the
Agreement on the Conservation of African-Eurasiagriory Waterbirds (UNEP/AEWA) commissioned
a review of all aspects of the conflict betweennatigry birds and electricity power grids, and gliitks

for mitigating and avoiding this conflict withinehAfrican-Eurasian region.

Because of the extensive information collated réweew of the conflict between migratory birds ahd
electricity power grids in the African-Eurasianigghas been published in a separate documentsped!
as CMS Technical Series No. XX and AEWA Technicati& No. XX titled ‘Review of the conflict
between migratory birds and electricity power giidthe African-Eurasian region’ (Prinsetal, 2011a).
The international report provides important backgia information to this guidelines document.



Guidelines on the conflict between birds and polimers have been published before, most notably the
Convention on the Conservation of European Wildéfed Natural Habitats (the Bern Convention)
published detailed guidelines to be implementedemprotection of birds on medium voltage powezd
based on Haa®t al. (2005), and the Bern Convention Standing Commiitee2004 adopted
Recommendation No. 110 on minimising adverse effetabove ground power lines. Furthermore, in
2002 CMS/COP 7 adopted a resolution (No. 7.4 “Edecttion of Migratory Birds”), which called on
Parties and Non-parties to implement technicallegi$lative measures to mitigate the electrocusibn
birds on power lines, based on guidelines publishedbrochure by NABU (German BirdLife partner),
which is a precursor of Ha&s al. (2005). Also for North America, extensive practigaidelines are
available, published by APLIC (1994, 2006).

The guidelines at hand and the accompanying Iniems Review (Prinsenet al, 2011a;
UNEP/CMS/Inf.10.38) present the available informat{including references to other reviews) on the
topic from the wider area of the African-Eurasiagion. These documents summarise the latest tethnic
standards on electrocution mitigation and reviedv@esent guidelines to mitigate collision riskliods, a
topic that received less attention in both the glings of the Bern Convention and the 2002 CMS
Resolution 7.4.

This guideline document presents appropriate agtiooth legislative as well as technical, summaitise
state-of-the-art mitigation/avoiding measures anegysuggestions for evaluation and monitoringaiDed
technical instructions on the construction of naitign measures is outside the scope of these inadel
for these we refer to existing technical literatanel recommend APLIC (1994, 2006), Hagal. (2005)
and Haa®t al. (2008) for more technical details on, for instgremnstruction techniques.

2. Strategic planning, legislation and organisatioal approaches

General aspects

Antal (2010) argues that policy factors have aiicant effect on the effectiveness of mitigatiopasures.

He surveyed four countries, Slovakia, Hungary, Bética and the United States, in order to asttess
approach to bird interactions with power lines.ddacluded that the likelihood of success in margatjie
issue of bird/power line interaction depends vengcmon country specific contexts. To provide guian

on legislation to CMS and AEWA Parties is, therefarot easy and cannot be too detailed or verightra
forward given the great differences between coesitin governance, decision-making structures and
procedures and the complexity of the energy seblevertheless, there are some basic principles and
approaches that every country should apply.

Network planning

The most obvious way in which to prevent bird eleaiitions and collisions is to avoid building tleyer

line altogether. Whilst this may seem contrary &iaus social, political and economic imperatives
throughout the world, most importantly in the dexgghg world, it is theoretically possible to incsea
access to electricity whilst minimising the constion of new power lines. This can be achievedugho
efficient network planning and dispersed power gatien optionsi(e. power production close to end
user). Generation and network planning are theedafa first step towards mitigating risks for birtsthe
long term, energy efficiency measures and manageofie@mergy demand should also be components of
the approach. The less electricity that is consythedess need there will be for the vehicles @dimes)

to transport that electricity, and the less thetedeution and collision risk. Infrastructure ugilcompanies
typically conduct their long-term planning throutite development of network master plans. If these
master plans incorporate bird information, this lbara powerful tool for minimising the collisiorskifor
birds at an early planning stage.

Underground power lines
If power lines must be constructed then buryingfbever lines underground offers the best solution
against electrocution and collisions of birds. Alilgh this has relatively seldom been implementedrfig



significant length of line, mainly due to the teatal and financial challenges (estimated at 3 ttirp@s
more expensive — APLIC, 1994), it does appearahiaiast in certain parts of Europe, burying pdines
is more widely practiced.

The process of placing low voltage utility and medivoltage distribution lines (those that pose the
greatest electrocution risk to birds) undergrouas heen completed in the Netherlands and is clyrent
being carried out in Belgium, the United Kingdonmrivay, Denmark and Germany, and hence the severity
of the electrocution problem is reducing in thigiom. At the beginning of the 1990s, 77% of the
transmission lines in Belgium were already undargoy 56% in (West) Germany and 44% in the United
Kingdom (Bayle, 1999). In Denmark, a recent plascdbes the decommissioning of the existing 3,200 k
of 132-150 kV overhead lines and the cabling ofiath2,900 km of new 132-150 kV lines. Althougtsiti
technically very difficult to underground high vate power lines.€. over 110 kV), in Denmark a political
decision has been made to immediately start agirtijgolace selected sections of high voltage azah
lines (400 kV) underground in six areas of highunat value or in close proximity to urban areas
(information from returned enquiry Denmark; V. Hai in litt.). This not only provides advantages for
bird protection, underground cables also have lagritplerance to weather, greater public accepiamncke
thus quicker authorisation, as well as greateabdlty and no risk of causing forest fires. On titeer
hand, it is technically challenging to place higlitage power lines underground, and this bringsiabo
much higher investment costs. Nevertheless, thistrha viewed in relation to the additional costs
mitigation measures would cause at above grounek.linn Hungary, for example, laying cables
underground is estimated to be 20 times more exge(Epproximately US$ 54,000/km) than the use of
bird flappers (a type of line marker) to mitigatdlisions. On the other hand, Antal (2010) estiradtat in
Hungary at least US$ 7 million is spent annuallyrétrofitting existing power poles to mitigate
electrocution.

Putting power lines underground clearly is themdtie solution but will be far too costly for mampatries

or technically difficult in, for instance, mountains regions. It is, therefore, unlikely to be widesed or
contribute significantly to electrocution or coitia mitigation within developing countries in thear
future. It must also be noted that burying powaedi may bring with it increased impacts on other
components of the environment.

SEA and EIA procedures; secure the interests of bits in relation to power line constructions

In the first place careful Strategic Environmewtstessment (SEA) and Environmental Impact Assedsmen
(EIA) procedures should be in place and appliedes€hprocedures should look at a large number of
possible effects on environment and nature of &cjsibn on the construction of infrastructure, irabhg
power lines. The possible effect on bird populatiowhatever sense should be an obligation undgr an
SEA and EIA procedure to be described and analysed.

The SEA is a means, by which environmental conatéers are incorporated into policies, plans and
programmes in order to achieve the best possilitlme for all involved. This is particularly effect
with respect to power line routing and grouping,appropriate corridors for lines can be identified
proactively, well before reaching the individuabjarct stage. The EIA process allows for the asserssof
impacts at the project level. Although project lwhard fairly late in the power line planning prec#ss
still provides a useful and essential mechanisnmioimising the collision risk for birds.

The response of the Range States to the enquirgsmakar that actually most countries have at least
legislation to apply EIA procedures (the presenc8BA procedures was often not indicated). It is of
course of importance how the procedures are apphédvhat aspects are included and weighed in the
final decision-making. More detailed informationtbe SEA and EIA process and its benefits for ueds

be obtained in the AEWA Conservation Guidelines N titled ‘Guidelines on how to avoid minimise or
mitigate the impact of infrastructure developmesmtsl related disturbance affecting birds’(Tucker &
Treweek, 2008).

Already at this early stage of the policy and decisnaking, information on bird populations and
migration routes should be collected from availaalerces or, if not present, collected in a prognarof



field research over a period of at least one ysaec¢hapter 6 andappendix 1). This would also
substantially help to avoid any later conflict witational and international conservation legistagee
below) if strictly protected species are possilding to be killed by the power lines through electution
and/or collision.

The availability of bird data and presence of poted areas before or during SEA and EIA procedures
cannot be emphasised enough. Appropriate routiag above ground power line, including availabid bi
data, can already substantially reduce the prokli#mbird interactions. Unfortunately, many devetap
countries may not have the resources to carry etaildd field research to collect relevant birdadat
facility should be made available that externatfiag can be provided to carry out basic survey weok
relative small projects project developers showdec and embed expenses of base-line studies in the
project budgets. For more extensive power line ttaoson programs, this could be facilitated by
governments through National Development Agendidgsternational funds such as through the Global
Environmental Facility (GEF). This should also wddt countries that would like to replace and/or
mitigate already existing dangerous power lines.

SEA, EIA procedures and national nature conservatin legislation; prepare intra governmental
arrangements.

The construction of basic energy distribution angpdy infrastructure is vital for a country and its
population. Countries may have legislation to assat this is indeed secured. However, the cartiiru
and routing of a power line, after being subjectdand SEA and EIA procedures, may come in conflict
with arrangements on habitat and species consenvathis can be the case, for instance, when apowe
line is planned to cross an important wetland @isgaforested area with important bird populatietts,

In such cases, it is often not clear which legistais overriding. It looks very obvious that fdret
government agencies responsible for different dsp#ts should be clear from the beginning, bet th
reality may be different. For example, if the killi of any individual of a (vulnerable or endangéred
species is forbidden under a bird conservatiooageneral wildlife act, how does this work in cpsgver
lines are killing such birds? Is the governmentagéeroviding permission for the construction resgible

or the utility company and can they be fined? Aniinprocedure may not be applied and could be drdu
well in advance through articles in legislationttbeeate exceptions on the general conservatias rul
accepting that a power line is of overriding ingffer the society. However, it has been undenudision
(pers. commJ. Smallie for South Africa and H. Prinsen fag tetherlands) and should be very clear for
all those responsible.

It is for such reasons that some countries, theéedr8tates is one example, have worked on MoUsdegtw
the responsible ministries and/or agencies to desar clear terms each other’s responsibilities tre

way conservation legislation should be interpretargive an example: are all parties in agreenteitit

an endangered species is legally strictly prote¢ted such legislation then forces electricity pamies to

for instance re-route a planned power line, orddrcertain section undergroumdg This must be very
clear given the precedents and high costs in egsesconservation aspects overrule the construofian
power line in that particular place. This apartirall type of mitigation measures on the power ligelf,
which can also be forced by legislation. It wouldpod policy to have such arrangements between the
responsible ministries/agencies.

National legislation, utility companies and NGOs; pepare cooperative MoUs

Another step in the legislative and organisati@mgroach of the conflict between power lines andilis
cooperation between government agencies and/or NBDthe electrical utility companies on a volugta
basis as laid down in a Memorandum of Understan{lihglUs). Such cooperative MoUs between all
stakeholders are often effective. Successful Maldildegal procedures between various stakehotdets
contain provisions on each other’s responsibilitgf eontributions, both financially and also orgatieal
(e.g, on raising awareness, monitoring and reseaithg South African experience (a state-wide
cooperation between the single utility company Eskand the Endangered Wildlife Trust to resolve
problems of electrocution and collisions) is thabaperative, partnership approach is the mosttifte
The first step by conservationists dealing witls iesue should therefore be one of collaboratidah thie



relevant utility companies, realising that enenggay is an overriding public interest. Similarlycsessful
cooperation between electricity companies, govemragencies and/or NGOs also exist in Germany,
France, Hungary, Switzerland, Portugal, and Nan{&éaBox 1).

BOX 1: Example of MoU between the Government, elegtity companies and NGOs in Hungary

In Hungary, the Ministry of Environment and Watat utility companies and BirdLife Hungary signésbt
‘Accessible Sky' agreement in 2008. Within thiswadary agreement, the following achievements have s
far been made:

- Regqular, structured cooperation (Coordinating Cottemj defining and carrying out common
projects, see below);

- Amendment of technical standards by joint effortl application by designers as well as
permitting authorities (recommendations introduice20D07 applied by designers in manuals and
enforced by authorities, these have since beehduagmended and are to be published in 2011);

- Amendment of the Act on Nature Conservation (ndwiit or reconstructed power lines have to
be bird-friendly);

- Database of priority power lines and bird casuslfiirdLife Hungary produced a conflict map
depicting 21,700 kilometres of medium voltage polires that are of priority for retrofitting to
mitigate for electrocution and/or collision. Coftsretrofitting are estimated to exceed 60 million
euros).

Both proactive and reactive actions are undertakih,the goal to retrofit all lines dangerous Eards
before 2020. So far, important results from thieagent include several LIFE Nature projects:

- Retrofitting highest priority power lines;

- Great Bustard project: 11 kilometres of line burié8 kilometres marked with FireFly markers;

- Saker Falcon project: 510 kilometres of line inteda

- Red-footed Falcon project: 400 kilometres of linsulated.
Furthermore, decisions have been made on 10 tétrgfprojects during 2008-2010. The total amount o
investment is estimateded. 10 million euros. In January 2011 there was afoaliew projects, in which
25% co-financing is required from electricity supp, based on their voluntary undertaking.

Tasks for the future include continuation of lasgpade projects focussing on priority areas, devakg
and maintenance of a database on bird casualtiesler to refine priorities, international coopéarat
(conservationists as well as electricity suppliarg) securing of funding for the future (new EU detdry
period). For more details, see Schmidt (2011) anthlA2010).

The choice between a cooperative approach andeadeersarial approach in any given country idypart
determined by the number of electrical utility canijes, and the position of the electrical utililypanies
(Antal, 2010). If too many utility companies exigign it may be difficult for a coordinated, cocgtére
approach to function successfully. If sufficienfioirmation is available to demonstrate that mitigatis
warranted, but the utility company is reluctanatt, then more use of a legal approach is justified

3. Routing of new power lines

Line routing

Once it has been determined that an above groumndrgime is necessary, the best mitigation optsioi
ensure that it is routed away from areas that amsehto, or attract, bird species that are knowheto
susceptible to electrocution or collision. Our urstiending of the variables (and their interaction)
influencing where electrocutions and collisionstalkace is certainly not complete. However, wermk
that certain landscape and vegetation featurd&aleto be associated with higher rates of etsmition or
collisions. In the case of electrocution, topograatiiects where birds will perch and roost, andetation



height affects the availability of natural perclieshe area. In the case of collision, topograpffegces
whether birds will fly lower i(e. down valleys) or higher.€. over mountains and hill slopes) as they
optimise their energy efficiency in travelling. \&tgtion height can also affect flight height, wstiort
vegetation enabling lower flight. In addition tody area characteristics, it is important to take account
the protection status of the land. A number ofapgiexist to collect information on protected sitesging
from national, governmental or non-governmentalsitels on national parks, protected areas, Important
Bird Areas (www.birdlife.org), Ramsar sites (wwwrrsar.org), World Database on Protected Areas
(www.wdpa.org) and many others. The most recenitiaddfor the AEWA region is the Critical Site
Network (CSN) Tool as developed under the UNEP-®8H#gs Over Wetlands (WOW) African-Eurasian
Flyways Project (www.wingsoverwetlands.org), whotintains the information on Ramsar Sites, IBA's,
SPA’s and many other aredgppendix 1 presents an example of how information from afeetioned
websites, together with information on the natigmaker line network, can be combined to createsicba
national ‘potential conflict hotspot map’. The firdecision on the routing of new power lines shaatld
least also be based on all available ornitholodinalwledge.

Corridors and alternatives

In order to achieve the optimal routing it is useffyproject planners identify more than one altgive
route, as this allows for the selection of themptiroute with respect to bird factors. In addititre use of

a corridor (for example of two kilometres wide) fassessment rather than a single line provides an
opportunity for small refinements to the route €rbade within that corridor.

Grouping with other infrastructure

In certain cases, it may be possible to route apmmer line adjacent to an existing taller powee lwvith
safe configuration, partially mitigating for elemtution through the likelihood that birds would uvaily

tend to perch on the taller power line and pastialitigating for collisions because birds will bera able
to see the combined obstruction as well as haveadey likelihood of safely passing a second nelarbyf

this is of the same or lower height (Figure 1).

10



Figure 1. Two adjacent transmission lines in thedtaregion of South Africa. The sum of impacts on
birds of two closely spaced lines may be imponjaotiver than when those lines were positioned far
apart (Photo: EWT-WEP).

4. Decision-making: when and where to mitigate

When to mitigate

Determining when mitigation is required and theelesf that mitigation is a key step in the overall
management approach, and is dependent on thetgefdtie risk. Insufficient mitigation may allowa
impact to escalate to the point of threateningmutadion, whilst unnecessary mitigation wastesusss,
and undermines the credibility of the conservadproach. Risk is normally expressed in terms of
biological risk, and mitigation is therefore norhgalmplemented when a particular electrocution or
collision impact is decided to be biologically siggant. APLIC (1994) define bird mortalities as
biologically significant “....when they affect a bigbpulations’ ability to sustain itself or increadte
numbers locally and throughout its range.” Howewgtigation can also be necessary in cases wheia so
and political concern warrants it. Electrocutiond aollisions may expose utilities to prosecutishére
species are legally protected) and public relatitsis, while electrocutions may also pose a ridiire,
damage equipment and impact on quality of the b@gtsupply.

Even with the best possible routing, as describedhapter 3, it is likely that sections of the mwill still
pose arisk to birds. These areas can be mitigéthdon site’ mitigation options, such as line nifaghtion
and retrofitting, described in detail in the folliog chapter. It is important to note at this pdhmt the
implementation of most of the options is technicédir easier, and far more cost effective if dontha
construction stage, as potentially expensive paues or specialised techniques will be less fretjuen
needed. In addition, the cost of electrocution eoltlsion mitigation measures can far more easdy b
accommodated in a construction budget (within wiidigation would make up a small component) than
in the budget for maintenance once the line is c@sioned. The precautionary principle should theeef
be kept in mind when identifying mitigation needén doubt, mitigate! Moreover, in many internated
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conventions the ‘precautionary principle’ applioatis accepted and agreed as a formal obligatitwe to
used in such situations.

Where to mitigate

Once power lines have been built and are operdtioiigation may (still) be implemented. This dam
done either proactively, whereby the availablerimfation on previous fatalities and all related dastare
used to predict where fatalities could occur irufat(both for new and existing lines), or reactiyel
whereby action is taken in response to the occoerefifatalities on existing lines.

For example, in Switzerland twelve priority regiomere identified for Eurasian Eagle Owubo bubd
and White StorkCiconia ciconid to assess the possibilities of technical rehaltitin of medium voltage
power poles. In these regions, power poles wittexcked in terms of safety for birds and dangepoies
will be made safe for use by birds (Heynen & Schra@D7). Similarly, in 2003 the Czech Republic was
divided into three conflict zones based on the giteng bird density and density of power lines
(Scharenbergt al, 2010). In Germany, the transmission network (2P0, and 380 kV) of the transport
system operator RWE was analysed in order to ifyeliie segments with increased collision risks for
birds. In this case, a rating system was develdip&ickook into account the number of birds and iggec
composition within functional areas, as well asltioaition and lay-out of the power lines in thedseape.
The product of both measures was used to quabtgtassess the collision risk for every individliaé
section (area between two pylons). Using this systee most problematic areas in the power line/ot

of RWE could be identified (Bernshausenal, 2007). The line sections with increased colkisiisk
added up to about 400 km of power lines (from €20Q0 km total). Between 2005 and 2008 these sectio
have been retrofitted with a new type of wire meskgeeBox 2).

While these ‘proactive risk assessments’ studiegatentially very useful, and can make a significa
contribution towards mitigating electrocution aradlision, it is essential to ground truth the pitins
before motivating to the utility company to spendnmay on the necessary mitigation. Clearly such a
mitigation planning process requires good and cefmsive bird surveys and monitoring power lines fo
electrocuted and collided birds.

Reactive mitigation involves mitigating sections lmfe where birds have already collided or been
electrocuted, with the view to reducing future irtigaat those sites. Whilst this should be an ingmdrt
component of any mitigation programme, it is netagls adequate in the case of threatened bird specie
with already small populations, as it requires bital die before any action is taken.

The following chapter presents a number of stativefart techniques to mitigate or minimise impadts
power lines on birds.
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5. Mitigating Electrocution and Collision Impact on Birds
5.1. Mitigating for electrocution

Electrocution mitigation can be far more controlidan collision mitigation. Since the problem is a
physical one, whereby a bird bridges certain clea@a on a pole structure, the solution is relativel
straightforward, and involves ensuring that a lbaidnot touch the relevant components. There iga la
amount of literature available on how to avoid dtigate for electrocution, examples from the Afriea
Eurasian Flyways are reviewed in the AEWA/CMS Insgional Review on Bird-Power Line Interactions
(Prinseret al, 2011a). Extensive technical designs in a Europeatext are presented in Haas & Nipkow
(2003), Haast al.(2005), and most recently, Haas & Schirenberg§2QXPLIC (2006) presents a large
number of problem configurations from a North Aroari context and give extensive technical guidance
(including detailed technical drawings) for modiiion. Below the most important techniques are
summarised and visualised by photos and drawingfseafelevant key components.

Add on mitigation or retrofitting

An “avian-safe” power pole is a configuration desd to minimise bird electrocution risk by provigin
sufficient separation between energised phase ctmdualso-called ‘phases’) and between phases and
grounded hardware to accommodate at least thetoristist or head-to-foot distance of a bird (Fig@).

If such separation (isolation) cannot be providedposed parts are covered (insulated) to reduce
electrocution risk. It is possible to mitigate &ectrocution on an already operational networiqugh
retrofitting. The disadvantage of this approadhé it is costly, normally requires an outageg(éwitched

off) with subsequent customer issues, and is daflgrtdding materials and complications to a pragly
approved engineering design.

Figure 2. A Griffin Vulture (Gyps fulvus) with otretched wings at take off. To mitigate for bird
electrocution, distances between electric condwscfor phases) and distances between conductors and
grounded hardware should be separated over a ladigiance than the wrist-to-wrist or head-to-foot
distance of a bird. Because dry feathers provideliztion, the distance between fleshy parts, sedkia,

feet or bill, is generally the critical factor taetermine if a power line construction is safe ferghing
birds. Note, however, that wet bird feathers previdss insulation, therefore, in wet climates safe
distances between energised parts should be basedrmspan and toe-to-wing tip distances of the
largest perching protected species in the area (BhBureau Waardenburg).
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Retrofitting for avian-safe structures can incluae or more of the following strategies (APLIC, B8R0

i) line design or configuration: increasing separaimrachieve adequate separation for the species
involved. When the power line is located within thstribution area of large raptors or storks, this
distance should be increasedltd m (or even 1.8 m in the case of vultures, see below)

ii) insulation: covering energised parts and/or cogegiounded parts with materials appropriate for
providing incidental contact protection to birdsslbest to use suspended insulators and vertical
disconnectors, if upright insulators or horizond#connectors are present, these should be
covered. The length of insulated chains shoulditpeen than0.70m;

iii) applying perch management techniques.

Line design or configuration

This is relatively easily achieved through the téchl design of the pole top. The design can taieear a
combination of two approaches: either to ensurettilikely preferred perching space for a birdtiom
pole top is well clear of dangerous components) ensure that the dangerous components are suffici
separated by space to ensure that the bird casundi them. This latter option, whilst more full pfocan
result in significantly larger pole tops with cogsent significantly increased costs, which is why a
combination of the two approaches is often employed

Line design modifications for mitigating bird ca#ies should include sufficient spacing betweefedint
conductors and between conductors and grounded wiitgardware. Short distances between conductors
often occur at switch towers, at junctions and derds of distribution systems. In Europe, a minimum
distance of 1.4 m between power lines is requireaaspace greater than 0.6 m between a likely [z

and the energised parts in order to reduce theofisdectrocution (Haas & Nipkow, 2006; Haas &
Schirenberg, 2008). In countries with large perghaptors, such as large eagles and vultures, these
distances should be greatee(>2.7 m between power lines and >1.8 m betweerhpsrand energised
parts in Africa). The table on the following pagesents guidelines on requirements; these have been
published before in a report published by the Beéamvention (Haagt al, 2005) and were recently
updated in Haas & Schirenberg (2008).

Insulation

Where poles or pylons or substation hardware posskaof electrocution to birds by virtue of the
insufficient clearances between critical hardwaee(previous paragraphs), it is possible to rettigy
situation with add-on mitigation. This usually takihe form of insulating materials that are fitmuo
critical components of the structure, in order @ader those components neutral. In some cases this
insulation takes the form of custom designed prtsiior insulating certain components, and in otlases
more universal, generic material is used, whichlraadapted on site to insulate varying componénts.
feature of most of these products is that theynafi@not in fact provide full insulation, and shibuabt be
considered safe for humans. These materials aftict only cover the dangerous components, reducin
the likelihood of electrocution but not fully elimating it.

Retrofitting (polymer) insulation may be carried on ground wires, phase conductors (Figure 65zro
arms (Figure 7) and jumper wires (Figure 8), bdttap and dead end locations, especially where bare
energised wires connect transformers. By insuldtiegvires altogether, the insulators will no longe
required, and the wires can be directly attachedeqoles (Figure 9). However, attaching the pdives

to large suspended insulators below the cross-rarging insulators) instead of to upright insuigito
already helps to reduce the problem (Figure 49.dtso important that insulators are not atta¢bexioss-
arms with metal pins or similar conductive mateietause this can result in a circuit groundingugh

the bird should it perch on such an insulator. femacement of steel on power poles is also sugdést

be an effective mitigation measure, especiallyro§s-arm braces.
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Pole structure Minimum conductor- Minimum Add on mitigation/comment
type conductor clearance conductor-
ground
clearance
Terminal structures| - - All terminal structures should be
(transformers) constructed with sufficient
(Figure 3) insulation on jumper wires and
surge arrestors
Strain structures | - - At least two jumper wires should b
(where jumpers are suspended below the cross-arm, and
used) (Figure 8) the third jumper insulated.
Alternatively all jumpers should be
insulated (Figure 8)
Take-off structures| - - All jumpers should be insulated
(Figures 3 and 8)
Switches/isolators | - - Switches should be designed so th
perching by birds on switch gear ig
unlikely, and/or all dangerous
components are insulated. Switch
gear should preferably be mounted
below the cross-arm. Alternatively,
insulated perch sites are installed
way above the switch gear over thg
whole length (Figure 5)
Intermediate Large enough to Same as If three conductors are positioned
structures accommodate the conductor- | above cross-arm, centre conductot
with horizontal | wingspan (or ‘wrist-to- | conductor can be insulated in order to achiev|
configuration of | wrist’) of the largest clearance necessary clearance between two
lines (Figure 4) | perching bird species in outer conductors (Figure 13)
the country if all three
phases are above the
cross-arm. Alternatively
two outer conductors
should be suspended
below cross-arm.
For example 2,700 mm in
South Africa, based on
large vultures.
Intermediate Large enough to Same as On staggered vertical structures of
structures accommodate the ‘tip-of{ conductor- | 66 kV to 132 kV add on mitigation
with vertical or | toe to tip-of-beak or conductor in the form of ‘Bird Perch’ and
‘delta’ outstretched wing'’ or clearance diagonal bar to prevent perching o
configuration of | ‘head-to-foot’ dimension cross-arms could also be applied,
lines (Figure 2) of largest but see text on ‘perch managemen
species present. techniques’
For example 1,800 mm in

South Africa, based on
large vultures.
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Figure 3. Left: Distribution substation with somksely spaced energised parts that is potentially
dangerous to birds. Retrofitting could include itadion of vertical hanging wires and spatial sepéoa

of energised parts. Right: End pole of distributiore; jumper wires (arrow) are constructed below
conductors and insulators are more than 60 cm Igrgyiding a bird-safe perch on top of the pole
(Photos: Bureau Waardenburg).

Figure 4. Left: a safe horizontal low voltage lingth three conductors suspended below cross-ath wi
sufficiently long insulators. Right: a low voltalyge in Iceland unsafe for larger waders, here Whiet
(Numenius phaeopus) and Black-tailed Godwit (Linlimsasa islandica) and larger raptors (in this case
White-tailed Eagle (Haliaeetus albicilla) and Gyaleon (Falco rusticolus)) because of conductors
attached on short insulators on top of cross-amthis case retrofitting could include insulatinget
central conductor wire and/or covering the insulat@hoto: Bureau Waardenburg).
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Figure 5. Left: Medium voltage pole with switch gelangerous to perching birds because of short
distances between energised parts. Right: Samegfigeinsulation of all energised wires close he t
cross-arm (in red) and installing insulated safeqte(see arrow) (source: Haas al, 2008).

Figure 6. Example of an insulated conductor wirka¢k wire) used in Hungary (source: Podonyi,
2011).

Figure 7. Cross-arm insulation carried out in Humggsource: Horvath et al., 2011).
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Figure 8. A safe strain pole structure, with indelhjumper wires (black arrows) and sufficientlndo
insulators (broken arrow) (Photo: EWT-WEP).

Figure 9. Completely insulated medium tension cab&pain hanging from concrete pole without nefed o
insulators (source: Haas, 2011).

The electrocution of raptors and collisions of wimel have been drastically reduced in Dofiana Netio
Park since 1988, when aerial insulated cables fagnai single bundle (Figure 9) replaced the most
dangerous lines. The operation, involving 33 kiinefs, costed approximately 1.5 million US$. THfsr:

has proven to be the most successful managemategtito safeguard the Spanish Imperial Eaglean th
Park (Negro & Ferrer, 1995 and references therein).

Perch management technigues
Cross-arms, insulators and other parts of the ptimes can be constructed so that there is no sjpace
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birds to perch where they can be proximate to ésetlgvires. This happens often by exclusion deyiares
perch discouragers (Figures 10 and 11), but ofteset cause even more problems than benefits. Recaus
the birds still try to perch on the constructiomsl dhe space is even more limited, birds have hdnig
chance to contact the energised wires. For exanmpongolia, 45% of the poles along a 140 kiloraetr
section of power line had steel cross-arms fittét @ne to four 38 cm bird spikes to discouragepiag.
However, despite the presence of these spikes,di@fbraptor carcasses were found under thesespole
and hence there was no significant difference intafity between poles with and without perch
discouragers (Harness al, 2008). On the other hand, there has been coabigesuccess achieved by
providing artificial bird safe perches (Figuresaifi 13) and nesting platforms (Figures 14 andvitasiyh

are placed at a safe distance from the energistsl (Bayle, 1999; Goudie, 2006).

Perch Guard
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Figure 10. Distribution pole with perch guard aschision device (source: Hunting, 2002).

Figure 11. Distribution pole with symmetric chevi@mrow) on top as bird exclusion device (Photo:
EDP-Distribution, Portugal; and distribution poleith bird exclusion spikes with dedicated nesting
pole for White Stork next to it (Photo: Carlos Tédg
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Figure 12. A Pale Chanting Goshawk (Melierax car®)noerched safely on a ‘Bird Perch’ (Photo:
EWT-WEP).

Figure 13. A ‘Raptor Protector’ used to insulate ttentre conductor of a 22 kV pole structure mattieg
distances between non-insulated conductors largeign for safe perching (Photo: EWT-WEP).

Figure 14. Example of perching device for storkaligeria (left picture taken from returned questiaire
Algeria; S. Hamida, Head of Wetlands Office, GehBigection of Forests, Algeria, in litt.) and exate
from Portugal of pole with nesting platform for Weh&tork dedicated to attract storks and preveeirth

from nesting in power line masts (right picture hby Carlos Tiago).
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Figure 15. Nesting Osprey on artificial platformrimedium voltage transmission line, Muritz National
Park, Germany (Photo; Bureau Waardenburg).

Deterring birds from power lines

Visual deterrents have been trialled in the pasth(sas the use of raptor silhouettes placed ompyds
deterrents to reduce bird flights over lines, Jaisd, 1999) but have proven to be ineffective. These
devices almost certainly suffer from bird habitaatiAudio or acoustic deterrents have potentitdpalgh

no literature on their effectiveness is availahles anticipated that habituation could be a @aile with
this approach. All these techniques cannot be egppler long distances other than at high coststeayd
will over time lose their effect. Permanent soloidline design or isolation and insulation) assiftated
above are much better and much more cost effective.

Habitat modification

Habitat modification can be used in various wags|uding: shielding of the line by trees; alteritng
attractiveness of the habitat close to the lind;@ranging the disturbance levels close to the fioavever,
with all of these options there are often challenglespatial scale. Habitat modification would #fere
need to be implemented on a large scale in ordeatdpulate bird movement successfully. Also ineom
cases, long sections of line may pose a risk, tyaejuiring a significant level of habitat modétmon, not
to mention environmental and financial costs.

5.2. Mitigating for collision

Once infrastructure exists, line modification imiwas forms is the other known approach, and isrtbst
widely used (APLIC, 1994; Hunting, 2002; CrowdeRfiodes, 2001; Drewitt & Langston, 2008). Line
modification can take several forms, which can tmably divided into those measures that make power
lines present less of an ‘obstacle’ for birds tiide with, those that keep birds away from the poline
(see above under ‘deterring birds from power liaed habitat modification’) and those that make the
power line more visible.

Line design or configuration — presenting less ofra‘obstacle’ to flying birds

Although different bird species fly at differentilets above the ground, there is general consehatihe
lower power line cables are to the ground, thesbé&dr preventing bird collision. There is also sensus
that less vertical separation of cables is prefeait poses less of an ‘obstacle’ for birds ttidmwith.
Horizontal separation of conductors is therefoef@red (Figures 16, 17 and 18). Since bird coltisi
have been recorded with the guy or stay wireswéts, the construction of self-supporting towensicl
do not require stay wires, is preferred. Birdstakeved to collide most often with the earth aekhwire
(the thinnest wire at the top of the power lin@cture, Figure 16). Removing this wire or desigmoger
lines from the outset without this wire is therefar potential collision mitigation measure (Broetral,
1987; Bevanger & Brgseth, 2001). This has been sliowe effective in protecting birds as variedize
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and biology as crane&(uidag and ptarmiganTetraonidag (in Jenkinset al, 2010). However, since
these wires are used to protect the infrastrudtane lightning, this is unlikely to be a widely ubmeasure
unless a viable alternative for lightning protectis developed.

Figure 16. A 400 kV line, with all conductor wiliesthe same horizontal plane. This picture also
demonstrates the almost invisible thin earth wirac¢k arrow) in top (Photo: EWT-WEP).

Figure 17. A 380 kV line, with lowered conductoresihanging from portals in one horizontal plane to
minimise collision risk for Great Cormorant (Phatacorax carbo), Eurasian Spoonbill (Platalea

leucorodia) and Purple Heron (Ardea purpurea) daigssing this stretch of line while commuting
between the breeding colony and foraging areasdkhiithe Netherlands (Photo: Bureau Waardenburg).
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Figure 18. A vertical cable configuration, with dab at four levels (three phase conductors andbaigd
wire). Compare to the figures above where the lonitial configuration results in cables at only tweoels.
Multilevel vertical arrangements are more dangertabirds because they provide an obstacle over a
greater plane (Photo: EWT-WEP).

Line marking — making lines more visible to birds

i. Line marking devices

Since the assumption is that birds collide withrbead cables because they cannot see them, fitiing
cables with devices in order to make them morebldsto birds in flight has become the preferred
mitigation option worldwide. Besides thickeningatiog or colouring the often least visible thin gnal
wires, a wide range of potential ‘line marking’ dms has evolved over the years, including: spheres
swinging plates, spiral vibration dampers, striggan flight diverters, Firefly Bird Flight Divertgrbird
flappers, aerial marker spheres, ribbons, tapagsflfishing floats, aviation balls and crosseddsan
(Figures 19-21). There is a large amount of litmatvailable on efficiency of such marking deviires
mitigating collision mortality, some examples fréine African-Eurasian Flyways region are presemnted i
the AEWA/CMS International Review on Bird-Power kitnteractions (Prinsest al, 2011a). Although
there is generally a lack of quality evaluativeeaash of the effectiveness of these devices at the
international level, the evidence to date sugggsierally positive results (Jenkins et al, 2010riBatoset

al., 2011). Jenkinst al.(2010) conclude that, barring some notable exaegti‘any sufficiently large form

of marker (which thickens the appearance of theeditrthat point by at least 20 cm, over a lengtt éfast
10-20 cm), placed with sufficient regularity (et every 5-10 m) on either the ground wires (padfg)

or the conductors, is likely to lower general citih rates by 50-80%”. Barrientetal.(2011), reviewing

21 wire marking studies, similarly conclude thateninarking reduced bird mortality by 55-94%. Furthe
comparisons of two different marking devices urtiersame conditions (Janss & Ferrer, 1998; Brown &
Drewien, 1995; Crowder, 2000; Anderson, 2002), ataak that only thin plastic strips (Janss & Ferrer,
1998) were not as effective as the alternativegoBe this, the differences in effectiveness betweieely
ranging devices was negligible.
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Figure 19. Medium voltage distribution line with alifrspirals (so-called ‘pig tails’) placed at regar
intervals in the conductors as bird flight diveggPhoto: Bureau Waardenburg).

Figure 20. High tension (150 kV) power line in thetherlands with bird flappers (see arrows) plaeed
regular intervals in both ground wires as bird fiig diverters, see also Box 1 (Photo: Bureau
Waardenburg).
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Figure 21. Various line marking devices (not confygmesive). In each photo a pen (circa 14 cm length)
is placed to provide scale (Photo: EWT-WEP).

Several improvements in devices recently inclugedamphasis of appropriate colouration to maximise
effect within the avian visual spectrum (CrowdeR&odes, 2001), and increased support for dynamic
(devices with moving parts) ‘flapper’ devices ratligan static devices (in Jenkiasal, 2010). These
improvements may have merit, but are yet to be stpg by much scientific evidence (see &8sx 2).
Furthermore, there is consensus that nocturnasiaslk are important in various specieg(Brown &
Drewien, 1995; Hunting, 2002). Several potentiattnmal devices, some with illuminating parsg,
FireFly diverters), have been developed but, agure their effectiveness is poorly known (see Bs02).

There is room for improvement in the efficacy afidimarking devices. In order to achieve this
improvement we need to look more closely at biglori. Recently, Martin & Shaw (2010) and Martin
(2011) conducted the first known research into ravigual fields related to power line collision. Ke
research findings and theoretical conclusions elu
- birds’ vision differs from humans in three main wagolour vision, acuity and field of view;
- birds’ eyes are mostly placed laterally in the khitds’ visual fieldsi(e. where they can see) are
extensive, and differ between species;
- relative to humans, birds have small blind spotsvelver, these blind spots can render a bird blind
in the direction of travel, if the head or eye isv@d in a certain way;
- birds have small binocular fields, particularly tbeanes and bustards. Binocular vision is
important for distance perception;
- birds’ highest visual acuity and colour visionristheir lateral visual field, birds’ frontal vision
may be tuned for detecting movement rather thatisdpketail;
- birds in flight in open habitats may ‘predict’ tithere are no obstacles in front of them;
- birds may detect obstacles such as pylons, aniovilgrds them with the intention of veering away
at the last minute (direction and time to contaeasurements are derived from this behaviour)
only to collide with the undetected cables.
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Based on the above findings, future developmedewfces should consider the following:

- line markers should be as large as possible, amédase the visible thickness of the line by atleas
20 cm, for a length of at least 10-20cm;

- spacing of devices should be not more than 5-1@ant;a

- line markers should incorporate as much contrast sglevant backgrounds as possible;

- colour is probably less important than contrast;

- movement of the device is likely to be important;

- markers that protrude vertically both above andWwehe cable are likely important;

- since we suspect that many collisions may occunigitt, devices that are nocturnally visible
(through illumination, phosphorescence, ultraviotatiation and other means) would be
advantageous. Although bearing in mind what is kmatwout birds being attracted to illuminated
objects.

ii. Device technical features
The aim with any marking device should be for itlast as long as the line itself, only requiring
replacement once the line is refurbished or rebdittwever, experience to date has shown that shis i
seldom if ever achieved. In order to ensure dutgluif devices as far as possible the followinguddde
considered before installing new devices:
- steel components should be stainless steel;
- plastic components should be ultraviolet (UV) rédiastable high impacted PVC;
- connections between parts (particularly plastictael) must be re-enforced with stainless steel
grommets;
- the device clamping mechanism must not allow anyenent at all once installed on the
conductor;
- the device may not damage the conductor onto whistplaced;
- the device may not cause corona;
- with devices which make use of a flapper attacheddlamp, the flapper sections must not be able
to flip up over the clamp and conductor;
- connector part mechanisms must be burr free;
- the device must be removable.
As far as possible these aspects should be exénsested in a laboratory/simulated environmeiat o
installation.

iii. Device installation

Devices should be installed on the earth wire (addted ground or shield wire) wherever possibla. O
lines without an earth wire devices should be itettaon the conductors. Although installation odégb
devices on higher voltage conductors is problemiaties of higher voltage would typically have amth
wire anyway. As described above, line marking devighould be installed at 5-10 m intervals on énne
wire where present, or on the conductors whererth &ire is present. Research has shown thatibma
adequate to install devices on the central 60%ea$§pan. For example, Shatal.(2010) found that most
collisions occurred on the central three fifthshef span. Faanes (1987), Hoerschelnemh. (1988) and
Anderson (2002) had similar findings previouslyo$t authors postulated that this was due to tHesab
closer to pylons and towers being more visible. Easv, given that in many cases a large proporfitimeo
cost of installation lies in getting the team agdipment to site, it is probably worth rather magkihe full
line whilst there, particularly with smaller ling432 kV. It is our recommendation that 100% ofghan is
marked on all lines of 132 kV and below, and thatipl marking only be considered on lines of highe
voltage.
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BOX 2. Recent developments in Bird Flight Diverters

Based on the information presented in this chaptemew types of Bird Flight Diverters (BFDs) des=special
attention, because they are largely in accordaritte the technical features mentioned for successillision
mitigation: the bird flappers used by RWE Rhein-RNbtzservice from Germany and the FireFly BFDsadgyed
by AB Hammarprodukter from Sweden.

Bird Flappers

Between 2002 and 2005 RWE constructed and extépkberatory tested new marking devices consisifri) cm
long hard plastic black and white strips constrdate an aluminium clamp (Figure 20). Since sumn@&52more
than 13,000 of these so-called ‘bird flappers’ haeen installed on earth wires of high tension pames in
Germany, using a specially retooled helicopteruargntee rapid installation advancement withouginnpent of the
power supply. Bernshausen & Kreuziger (2009) detnates] a collision reduction of more than 90% follgat a
power line section near a large gull roost that heeh retrofitted with bird these bird flappers.rigloecently, in a
study in the Netherlands, Hartmanal (2010) found a significant reduction of 80% ie thocturnal collisions of
ducks (Mallard (Anas platyrhynchos) and Wigeon (&\panelope)) on a four kilometre long stretch &f K8 power
line through bird-rich grassland polders fittedhtitese bird flappers (Figure 20). However, for tJalica atra),
for which many tens of collision victims were fousmad were also believed to have collided at nitjistreduction in
collision victims was negligible. For species tballided during the day (e.qg., gulls, waders, prggahe statistically
significant reduction amounted to 67%, but the nemdif victims per species was too low to calcukgiecies-
specific reductions (see also Pringtmal, 2011b).

The German bird flappers are large and contrabtai@ the strips move individually in the wind riéisig in a
blinking effect that likely makes them well visilfter approaching birds in twilight or even darkné®scause of their
weight it is not possible to install a large numbtone single span of an earth wire, distancesdwsst individual
flappers are typically several tens of meters.

For more technical informatiomww.rwerheinruhrnetzservice.com

FireFly BFDs

The FireFly consists of a rotating hard plasticdis rectangular plate with fluorescent parts (p.left and top
right pictures in Figure 21). These devices reftertight during the daylight hours and emit lursitent light during
twilight and at night. This sparkling and refractiof light allows the birds to change their fligidttern to divert
around the marked wires and avoid collisions. Thational speed of the Firefly increases its efffecess, although
so far few results have been published. Yee (260)d a 60% reduction in the number of fataliti€sandhill
Crane Grus canadensjsunder a treated 12 kV distribution line and Myt al (2009) reported up to 67%
reduction in the number of fatalities of the saecses under two treated 69 kV transmission liBesause of its
relatively small size and light weight distancesaszn individual FireFly BDFs can be small, oftathim the quoted
5-10 m distance.

For more technical informatiomww.hammarprodukter.com
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6. Impact monitoring and evaluation of mitigation dfectiveness

Identifying an electrocution or collision impact

Many bird electrocution and collision problems Bmigally identified through the detection of casses
under a power line by utility staff, landownersg fhublic, researchers, conservationists or birdieraost
cases this is not the result of systematic linechéag, but rather chance detection. Fortunatelystm
electrocution victims fall close to the base of plode, and not mid-span as is the case with coliisi This
increases the chances of detection since accpste®is normally better and maintenance staftbipi
visits poles more frequently. Another reason whgcebcution victims have a greater chance of being
detected than collision victims is that electroontdften results in a power dip or outage, asssentially

a short circuit. This dip or outage would be registl on the utilities system and in many casesavoul
prompt a field investigation by utility staff. Hower, as with collisions, numerous biases stilleffaese
data, including, amongst others, the proximityhaf power line to a road, vegetation type, sizérdf bird
colouration and topography.

The next step in the process, the person actuaflgrting the electrocution mortality to the correct
authority, is again plagued by bias. For exampikreatened species is far more likely to be repidian a
common species, and species for which there ixiatirgy affinity, such as storks, are more likedytte
reported than vultures perhaps (which suffer frobad reputation). It is not surprising then thangna
datasets have been biased towards larger, morergoincharismatic or threatened species. Whiksteh
data can be a useful indicator of a potential obbf electrocution or collision, it should not to®
heavily relied upon in assessing the extent orifsigimce of the problem.

Wherever possible, more systematic line searchgsegular line monitoring should be implemented in
order to produce more rigorous data that can fatgliconfident decision-making (sBex 3).

Evaluation of the effectiveness of mitigation

The evaluation of mitigation is an essential, bitgrooverlooked, component of the approach to redird
electrocutions and collisiong.g, APLIC, 2006; Barov, 2011; Barrientes al, 2011). Typically, the
measurement of the effectiveness of any mitigatieasure is carried out through systematic mongain
the section of line concerned. This involves digvior walking along the power line and searching for
collision victims (bird carcasses). These datasafgject to several biases such as detection bias (t
percentage of dead birds that are actually foutitiwaries with habitat and topography), the sngee
removal bias (the percentage of birds that collidat remain after a certain time period, not reeblyy
scavengers), and the crippling bias (those biralsate injured but manage to move away from thegpow
line sufficiently to avoid detection). Experimemtsd tests may provide complimentary informatiori tha
allow these biases to be estimated in order toorgconfidence levels in the final estimates olisioh
rates (se®ox 3). One of the challenges of this type of work is #heer volume of time taken by field
observers, particularly if line patrols are doreesanably frequently. A means to overcome thisasitte of
remote data collection, through devices such aBititeStrike Indicator (Aruret al, 2008; Murphyet al,
2009), which records bird collisions through segsiibrations along the cable (Figure 22).

It is highly recommended that evaluation and mainitpprogrammes, study designs and protocols are
internationally standardised to overcome the Idifferences in the methodologies currently in Ssveral
reviews (APLIC, 2006; Jenkiret al, 2010; Barrientost al, 2011) conclude that experimental rigour (in
terms of spatial and temporal effort) and standarésinsufficient to render statistically and sti@n
sound data, which can be used, for example, to aoenpitigation measures between species and areas o
establish the impact of power lines on bird popatet at the regional or wider scale.

BOX 3: More systematic line searches and monitoring
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Below we present some suggestions for more staisgarend systematic approaches to line searches and
monitoring. Because factors that affect the seaffitiency, scavenger rate, accessibility of terratc,

vary greatly between study locations, it is notglale to present a method that is applicable isiisitions

and study outlines may need to be developed osetogcase basis. Nevertheless, the following $oguie

of importance to consider and incorporate in sucstualy protocol in order to make studies more
comparable.

Spatial and temporal coverage

Line searches for power line victims (both for itiBing impacts as well as evaluation of mitigation
measures) should be sufficiently extensive, bottiaband temporal. Most collision victims are fdun
within 50 metres distance from a power line buffetisible, larger distances from the line should be
incorporated in the search protocol in order tauemghat those victims that have fallen to the gobu
further away are included. The search area shthedefore, include the area up to at least 40-36as1e0n
both sides, measured from the centre of the liepeDding on the size of the victims (small passerin
large swans), the type of terrain (irregular swefdwllows, rocks, etc.), and vegetation covere(siad
structure), the search intensity needs to be atjusin observer should be able to find medium dimets
(e.g, ducks) in flat terrain with low vegetation witha radius of 10 metres around him. Preferably, the
terrain is covered on foot, but for large open lzaeas, searches can be carried out by car. Begmsie
electrocution victims fall close to the base ofplode, in case of electrocution monitoring a seaadius of

10 metres around poles and pylons will suffice.

Victim searches should be carried out often endagirevent too many victims being lost to scavesger
The smaller the bird victims are, the more oftearclees have to be carried out. For most water{@rdall

to medium sized) and birds of prey, an intensitinafe weekly or once a week is sufficient. Whetyon
large conspicuous birds (swans, storks, eaglesesréustards) are searched for fortnightly seanctasy

be sufficient.

Blue Crane (Anthropoides paradisea), collisionivicof transmission line in South Africa found dgran
dedicated search of collision victims of this specApproximately 12% of the total Blue Crane pafoth
within the Overberg study area at the Western Cagpéd be killed annually in power line collisions
(Photo: EWT-WEP).

What to note when finding a carcass

Of course it is necessary to establish which sgesimvolved. Often this may be difficult when fearts
of the carcass remain. There are, however, sewetakites and books detailing the identificatiobiodis
by its individual feathers. The position of theazss should be printed on a map or form to latentity
the most problematic line sections or poles. It @mo give information with which line (conductans
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ground wires) the bird has collided. Informationame and sex of the bird should be noted to anéhgse
effect of age and gender on susceptibility forteteition and collision. Finally, it is importamt éstablish
if the dead bird has truly suffered from an impaith the power line or if there is another reasowthe
bird died.

Cause of death

If possible, determine the cause of death by aytdépsexclude other unnatural death causes than
electrocution or collision such as shooting orsdily birds of prey. Evidence of electrocution aasiude
burn marks on feathers, feet, or bill, visibleeasg, small well-defined burn holes in the plumagersied
areas at current entry and exit points, or largeaiie areas on the limbs. Evidence of collision iceelude
fractured bones of the extremities (wings, legsstralilder bones), broken vertebrae and skull frastu
torn off wings and limbs, flesh wounds, impact wadsion head or body where the bird hit the wired8ir
that have been shot often show shattered bondsegubblood, contusions and bullet wounds (refasn

in APLIC, 2006; Haast al, 2005).

Searcher detection & scavenger removal experiments

Dedicated line searches and evaluation of mitigati@asures should include experiments to correct fo
searcher detection bias and scavenger removalReaas to correct for both biases should be esteddi
with experiments in which carcasses are laid olgvibend near the studied power line sections.

In searcher detection experiments searchers araware that colleague researchers have put otit ‘tes
carcasses. Trial administrators should therefobeful not to put out too many carcasses at onleave
traces, such as footprints or tags on trial caesasgherwise they may influence search interiRigferably
‘test’ carcasses are similar in size and colouthefspecies normally encountered in the impactystad
cases where a broad range of electrocution ostilivictims are involved, the test carcasses shumibf
various sizes (small, medium and large birds) asidurs. Use of chicken or feral pigeon carcasses as
surrogates is discouraged as these are often rapid@ly removed by scavengers than species that are
typically found as electrocution or collision vitti They will also notify the searchers of the omgpi
experiment.

The duration and season of the tests is of impoetas well as intervals between carcass searcbes. F
example, especially in northern latitudes, soméebeate scavengers might be more inclined to remove
carcasses during autumn to build body fat for wifsenallwood, 2007). It is also important not td put

too many carcasses at once, because this mayogiverggers more than they can remove and process and
carcasses may become unattractive as food bechwsrm or mummification processes. This agailyma
strongly bias mortality estimates. Smallwood (20@&3cribes further potential sources of error aaslib

this kind of experiments, such as use of frozenasaes and whole instead of dismembered carcasses,
well as details the calculation of correction fasto

The monitoring of live bird movement is even lessnmonly conducted than the dead bird searches.
Without estimates of how many birds actually crdsee line in flight, the collision rates calculdte
through dead bird searches are less meaningfidcDobservation of live bird movement is extrentiahe
consuming. Remote techniques such as radar, hoyeawebe used in order to obtain data with lessamum
resources needed., Gyimesiet al, 2010; Hartmaret al, 2010; Krijgsveldet al, 2010; Prinseset al
2011b), although observations to ground truth didear data are required. In some countries theasses

of volunteers of bird conservation and researchmigations is a welcome source of manpower, bibiein
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majority of countries within the African-Eurasiaggion this source of manpower and expertise islgimp
not available.

Figure 22. Bird Strike Indicator (BSI) attacheda@ower line. BSls are relatively small deviced ttem
be attached to a single wire of a power line andoeatically register bird collisions based on the
vibration of the wire.

7. Recommended sources of information and guidance

As noted in the introduction, guidelines on thefioibetween birds and power lines have been pbbti
before. Below, a list is provided, as a ‘guide tddgnce’, of the most important other sources of
information and guidelines relevant to the issukiaf and power lines interactions. For a more detep
overview of published and non-published referengasthis topic we refer to the accompanying
AEWA/CMS International Review on Bird-Power Lineténactions (Prinseat al, 2011) and selected
references in the back of the guidelines repdnaad.

Strategic planning, legislation and organisationahpproach

Detailed information on the SEA and EIA processigsmtenefits for birds can be obtained in the AEWA
Conservation Guidelines No. 1iGuidelines on how to avoid minimise or mitigatee impact of
infrastructure developments and related disturbaffeeting birds’ (Tucker & Treweek, 2008). That
AEWA guideline report also contains an extensig &if recommended sources of information and
guidance on SEA and EIA in its appendix D.

Mitigating electrocution and collision impact

Avian Powerline Interaction Committee (United S¢ate

APLIC 1994, ‘Mitigating Bird Collisions with Poweitines’ document to be updated in a new publication
foreseen for end 2011

APLIC 2006, ‘Suggested Practices for Avian Protettin Power Lines’ document detailing state-of-the-
art in electrocution mitigation from a North Ameaitperspective

Avian Protection Plan (APP) Guidelines

For more information and ordering repossyw.aplic.org

International Conference on Power Lines and Birdtility in Europe, Budapest, Hungary, April 2011
Posters and presentations can be downloaded frami/Avww.mme.hu/termeszetvedelem/budapest-
conference-13-04-2011/presentations.html
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BirdLife Germany (NABU) Working Group on Electrogor:

The website of the working group: www.birdsandpdimes.org

General website of NABU presenting information ¢ecerocution and links to several important papers
and documents, including background documents tmRmendation No. 110 on minimising adverse
effects of above ground power lines adopted byBiien Convention Standing Committee in 2004 and
NABU Guidelines on electrocution in several langesg
http://www.nabu.de/tiereundpflanzen/voegel/forsaiatromtod/05166.html

Information on Bird Flappers Bird Flight Diverters
www.rwerheinruhrnetzservice.com

Information on FireFly Bird Flight Diverters
www.hammarprodukter.com

Bird Survey and monitoring techniques

Specific power line search and monitoring protoesésnot readily available and will probably contsite-
specific guidance (se®ox 3). The following references may be helpful wherisgtup a more general
monitoring scheme and protocol and may be of lefirépare site inventories of birds.

AEWA Guidelines

- AEWA Conservation Guidelines No. 9, ‘Guidelines #owaterbird monitoring protocol’

- AEWA Conservation Guidelines No. 3, ‘Guidelines the preparation of site inventories for
migratory waterbirds’

- AEWA Conservation Guidelines No. 11, ‘Guidelinestaw to avoid minimise or mitigate the
impact of infrastructure developments and relatesdtutbance affecting birds’ lists useful
publications on the subject.

All three can be downloaded franttp://www.unep-aewa.org/publications/technicaliesehtm

Wetlands International

Guidelines for participants in the Internationaltérhird Census (IWC):
http://www.wetlands.org/LinkClick.aspx?fileticket-B3kxbpZ1Kw%3D&tabid=56
(or Google “Wetlands International information featerbird counters”)

Waterbird flyway and site data

“Wings Over Wetlands” Critical Site Network (CSNpdl: www.wingsoverwetlands.org/csntool
This website provides species and site data on wettstrbirds in the AEWA region. It includes also
the information on Ramsar sites, Important Birda&,eand Natura 2000 SPAs, listed below.

Ramsar Convention on Wetlan@gyw.ramsar.org
For a worldwide overview of the Ramsar sites: Witamsar.wetlands.org/

BirdLife International’s Important Bird Area datattp://www.birdlife.org/datazone/home

Natura 2000 Special Protection Areas in Europg:tatura2000.eea.europa.eu/
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Glossary
(for the descriptions in this glossary we useddlossary in APLIC (2006) and internet sources)

Avian-safe
A power pole configuration designed to minimiseagavelectrocution risk by providing a separation
between energised conductors or phases and grobadedare larger than the wrist-to-wrist or head-
to-foot distance of a bird. If such separation edrre provided, exposed bare parts are covered to
reduce electrocution risk, or perch managemennh@ayed.

Bushing (transformer)
An insulator, usually made of porcelain, insertethie top of a transformer to isolate the eledthies
of the transformer. To prevent dangerous contadtitals, bushing can be covered.

Conductor
The material (usually copper or aluminium), mosilyhe form of a wire or cable, suitable for caniyi
an electric current.

Configuration
The arrangement of parts or equipment, for exangplistribution configuration would include the
necessary arrangement of cross-arms, braces, timsylatc. to support one or more conductors.

Corvid
Birds belonging to the family Corvidae; includingwass, ravens, magpies, and jays.

Cross-arm
A horizontal supporting part of a pole or pylon;deaof wood, concrete, or steel, manufactured in
various lengths, and used to support electricadlaotors and equipment for the purpose of distnitguti
electrical energy.

De-energised
Any electrical conducting device disconnected fi@hsources of electricity.

Distribution line
A circuit of medium voltage wires, energised att&gés from ~1 kV to 60 kV, and used to distribute
electricity to residential, industrial and commataustomers.

Earth wire
See ground wire.

Energised
Any electrical conducting device connected to amyree of electricity.

Fault
A power disturbance, for example caused by anifeatrecution, that interrupts the quality of eleszif

supply.

Ground wire, grounded parts
A wire (or parts) that makes an electrical conmectiith the earth and therefore is at ground pé@kent

High voltage power lines
High voltage power lines (60 kV up to 700 kV) aengrally used for transmission networks. Because
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high voltage power lines mostly have long susperidsdlators the electrocution risk for birds is
relatively low. On the other hand, collision riskcbe high, particularly where phase conductors and
ground wires are arranged at different heights. groeind wire is often relatively thin and presemts
particularly high collision risk.

Insulator
Non-conductive material, usually made of porcelainpolymer, in a form designed to support a
energised conductor physically and to separatedtrically from another conductor or object.

Jumper wire
An energised conductive wire used to connect varigpes of electrical equipment. Jumper wires are
also used to make electrical conductors on linegimoous when it becomes necessary to change
direction of the lined.g, angle poles, dead-end poles).

Kilovolt or kV
1,000 volts

Low voltage power lines

Power lines are categorised, in part, by the vellagels to which they are energised. Different
authors often use different categorisation. Thrauglthe report we use the definitions by Hegal.
(2005) and APLIC (2006): low voltage or utility é8 have a voltage 100 times less than medium
voltage linesi(e., <600 volts). In most countries these are routsdkuground and therefore offer no
risk to bird populations. Where these lines octuva ground, they tend to be relatively well inseda
Low voltage power lines are often thick, darklyauaed and relatively visible, therefore posing a
relatively low collision risk.

Medium voltage power lines
These include distribution power lines of utilitgrapanies (~1 kV to 60 kV). While in some
countries the majority of the distribution powerdinetwork is underground, in a global context most
networks are above ground. Medium voltage poweslipose the highest electrocution risk for birds
when not constructed avian-safe. There is alsekaofi collision, but generally less so than forthig
voltage power lines because the conductors ardlysuaanged at the same height and, compared to
high voltage power lines, low above the ground.

Nest or roosting substrate
The base upon which a nest is built or birds usedband sleep, in this context power poles, quiaus,
boxes and latticework in electricity masts.

Neutral conductor
See ground wire.

Outage
Event that occurs when the energy source is cdtafi the supply, see also fault.

Phase
An energised electrical conductor.

Phase-to-ground
The contact of energised phase conductor to grpatahtial. A bird can cause a phase-to-ground fault
when fleshy parts of its body (or wet feathers wighor tail) touch an energised phase and grounal wi
or grounded parts simultaneously.

Phase-to-phase
The contact of two energised phase conductorssBad cause a phase-to-phase fault when the fleshy
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part of their wings or other body parts (includingt feathers of wing or tail) contact two energised
phase conductors at the same time.

Pole
A vertical structure, usually made of wood, cornemmtsteel, manufactured in various heights, aad us
to support electrical conductors and equipmenttferpurpose of distributing electrical energy.

Power line
A combination of conductors used to transmit otritigte electrical energy; normally supported by
poles or lattice masts.

Problem pole
A pole used by birds for perching, nesting or rimgsthat has electrocuted birds or has a high
electrocution risk.

Retrofitting
The modification of an existing electrical powerdistructure to make it avian-safe.

Separation
The physical distance between conductors and/amgied parts from one another.

Structure
A pole or lattice assembly that supports electraglipment for the transmission or distribution of
electricity.

Substation
A transitional point where voltage is increasedecreased in the transmission and distributioresyst

Switch (tower or gear)
An electrical device used to sectionalise eledtgcgrgy sources.

Transformer
A device used to increase or decrease voltage.

Transmission line
Power lines designed and constructed to suppaidges >60 kV.

Volt
The measure of electrical potential.

Voltage
Electromotive force measured in volts.

Wrist or Carpal Joint
Joint in the middle of the leading edge of the wifig bird.
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Appendix 1. Locating Potential Conflict Hotspots Usg a Basic National
Scale Approach

A basic national ‘conflict hotspot map’ can be t¢eebby combining information on the national polires
network, locations of Important Bird Areas (IBAsicHlocations of Critical Sites for endangered (siglh
susceptible) species. Using Bulgaria as an examwgl@im to show how a combination of basic data can
generate a first insight in the locations of théeptial collision hotspots. We derived informatiam the
national electricity grid from ABS Energy Reseaf@®11). Additionally, we mapped the Bulgarian
Important Bird Areas using the data zone at thdlBie International website. Finally, we used th&i€al

Site Network (CSN) Tool (an achievement of the VEil@yver Wetlands (WOW) UNEP-GEF African-
Eurasian Flyway Project) to derive maps of thei€GitSites in Bulgaria for two threatened spedibexd-
breasted Goos®(anta ruficollig and Dalmatian PelicafPélecanus crispys

The Bulgarian power line network

In 2010, the total length of transmission linestkiis case 110 kV and higher) in Bulgaria was 15 Krh
(figure 1). The distribution line (in this case &l 110 kV) length in Bulgaria in 2010 was 163,216 k
(not shown in figure 1). The principal transmissiéystem operates at 400 kV and covers all regibtheo
country along with a small length of 750 kV linenelhigh voltage grid comprises two rings, both jpass
through Sofia. While the main ring runs round tlairtry to Varna and Bourgas on the Black Sea,
connecting to the Ukraine line at Varna in the Reast and to Turkey from Maritsa East in the Sasghe

a second, smaller ring links Sofia to Kozloduitie North and also to connecting lines through Rdéanan
The system has links with Greece, Macedonia, MaddBomania, Serbia and the Ukraine at 400, 220 and
110 kV (ABS Energy Research, 2011).

Figure 1. Bulgarian transmission network. Sourc&KN(ABS Energy Research, 2011). The distribution
network is not shown.

BirdLife Important Bird Area (IBA) Programme

The function of the BirdLife Important Bird AreaBA) Programme is to identify, protect and manage a
network of sites that are significant for the ladlegm viability of naturally occurring bird populatis across
the geographical range of those bird species factwh site-based approach is appropriate. The IBA
Programme is global in scale and, to date, ov&0D0sites have been identified worldwide, usingdsad,
internationally recognised criteria for selection.
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Using the mapping option at the data zone of thdlBfie International website (www.birdlife.org), we
generated a map of the IBA’s in Bulgaria (figureR)r instance, many IBA’s can be found in the &iamst
part of the country close to the Black Sea, in ¢katral mountainous part of Bulgaria, the Balkan
Mountains and along the Southern border of the wpun

Figure 2. Important Bird Area’s in Bulgaria (greer§ourcehttp://www.birdlife.org/datazone

Critical sites for endangered bird species (CritichSite Network (CSN) Tool)

The Critical Site Network (CSN) Tool is an onliresource developed by Wetlands International, BfedLi
International and the United Nations Environmenvgeamme — World Conservation Management
Programme in the framework of the Wings Over WelaiWwOW) UNEP-GEF African-Eurasian Flyways
Project, one of the largest flyway-scale GEF fungegjects in the African-Eurasian region to datieisT
tool brings together several other data sourcessangrovides a user friendly means to investigage t
importance of certain sites for (migratory) watedbi The CSN Tool strengthens the implementatidheof
African-Eurasian migratory Waterbird Agreement (ABY\and the Ramsar Convention on Wetlands.

Sites included in the CSN Tool have been identifisithg two numerical criteria derived from thosedis
for the identification of Ramsar sites and IBAseylembrace breeding, non-breeding and stopover site
used by migratory species during their annual cyakewell as those used by resident species yeadro
(www.wingsoverwetlands.org/csntool).

Red-breasted Goose and Dalmatian Pelican

Two globally threatened species that are preseBtigaria and that are potentially vulnerable tavpo
line collisions are the Red-breasted Goose anBétmatian Pelican. Comparison of the locationshef t
Critical Sites for these species with the routifthe Bulgarian transmission network delivers infation
on the location of possible collision hotspotstfese species.

The Red-breasted Goose has a moderately smallgiagylwhich appears to have declined rapidly aver
short time period. At the IUCN Red List of ThreagdnSpecies it is listed Endangered. In January and
February, 80-90% of the birds now congregate & fivost sites on the Black Sea at Shabla and
Durankulak in Bulgaria and Razelm-Sinoe lagoonsTaahirghiol in Romania. Smaller numbers winter in
Ukraine and in severe winters in Greece. (Birdlifernational 2011, Species factsh8santa ruficollis).

For the Dalmatian Pelican, conservation measurge hesulted in a population increase in Europe,
particularly at the species’s largest colony, dtd Mikri Prespa in Greece. However, rapid popufatio
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declines in the remainder of its range are susgéotbe continuing and therefore the speciestisdias
Vulnerable on the IUCN Red List of Threatened Sp&cl’he Dalmatian Pelican breeds in Eastern Europe
(also in Bulgaria) and East-Central Asia. Europar@eders winter in the Eastern Mediterranean ciesntr
Collisions with overhead power lines are one ofkhewn continuing threats for this species. (BifdLi
International 2011, Species factshélecanus crispys

Bulgaria counts 12 critical sites for the Red-breds5oose and 17 for the Dalmatian Pelican, of whic
eight are overlapping (figure 3). For both speaiest critical sites are located in the northeagpamn of
the country, with most sites located close to ttecBSea.

Figure 3. The Bulgarian critical sites for the Rbrkasted Goose (orange), Dalmatian Pelican (pink)
and both species (blue). (Sources: www.wingsovéamas.org/csntool).

Potential collision hotspots

We can now roughly determine the location of thentry ‘s potential collision hotspots by combinihg
information on the national transmission line natnend the information of the locations of the |B#sd
critical sites in Bulgaria into one single map (fig 4).

In general, there appear to be no clear largesamilihotspots in Bulgaria in which IBAs, criticétes and
transmission network nodes are all located in aaa.da he largest node of transmission lines located
Sofia in the western part of the country does aetrsto directly pose a large risk for protecteds(HBAS)
nor for the Red-breasted Goose or the Dalmatiaicd®eds the largest part of the lines is locateadide
the IBAs and no Critical Sites are located neafltso the second-largest node of the transmissitwank
located in the southeastern part of the countyginty in-between Stara Zagora and Yambol, is latate
largely outside IBAs and there is only one critiite for the Dalmatian Pelican located nearby ¢Batitsa
Reservair; figure 4).

Most critical sites for the Red-breasted Goosethaddalmatian Pelican are located at the east (atabe
Black Sea) and at the Northern border along theubarriver. There is no large concentration of
transmission lines close to these critical sité®r€ are, however, some critical sites that astdoknearby
one or two transmission lines. For example, trenidinear Gorni Tzibar (figure 4) in the north, whis a
critical site for the Dalmatian Pelican, or the #daovsko Lake and the Burgasko Lake at the Blaek Se
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(figure 4), which are important for both the DaliaatPelican and the Red-breasted Goose. In suel cas
only precise site-specific studies, in which amagsers the main flight routes are mapped, cagratite
the collision risk for endangered and/or protedid species.

Despite the fact that there are no clear colliiotspots in Bulgaria, several transmission linessaen to
pass through IBAs and may pose a risk for bird iggefor which these IBAs have been selected. Furthe
research into potential conflicts at these siteeég@mmended.

While judging the information we have to keep imththat because of the national scale of the maps w
can only get a rough indication of the locatiopaofential collision hotspots. Furthermore, it ipmant to
realise that the distribution network is not showhich makes that a large part of the potentiabeaifor
collisions is not indicated in the map and, ther&faot evaluated. However, altogether maps ligsdltan

be helpful as a tool to identify potential problareas where more detailed studies are requiressoatiie.

Figure 4. The Bulgarian transmission network (blacid red lines), combined with the Bulgarian
IBAs (green areas) and Critical Sites for the RedaBted Goose (orange dots), Dalmatian Pelican
(pink dots) and both species (blue dots). A = Cattitka Reservoir, B = Island near Gorni Tzibar, C =
Atanasovsko lake, D = Burgasko lake.
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