Appendix 1. Studies reviewing the biology of bird:power line collisions (Tx = high voltage transmission lines, Dx = medium voltage distribution lines).

	Reference


	n  references (time-span)
	Geographic area
	List of affected / implicated taxa
	Contributing biological factors
	Contributing environmental factors
	Listed mitigation options

	Brown 1992


	43 (1876–1991)
	Global, with U.S. emphasis
	Herons, cranes, swans, pelicans, waterfowl, condors, pheasants
	· Large size

· Poor manoeuvrability

· High speed flight

· Low altitude flight

· Flocking

· Migration

· Age – young birds more prone

· Sex – males more vulnerable in display/courtship flights?

· Divided resource areas e.g. roost/nest and feeding

· Regular fliers or commuters – daily or seasonal

· Nocturnal flights, 
	· Weather – cloud, rain ,wind, fog

· Vegetation height – lines above low vegetation

· Passes, valleys, shorelines, rivers channel flight paths

· Wetlands

· Power line configuration – clustered lines, clustered conductors more visible

· Line orientation – parallel with flight lines 
	· Lines underground

· Habitat modification and line design

· Remove earth wire

· Mark lines

· Illuminate lines

· Scare techniques (audio and visual)

	APLIC 1994


	110 (1876–1993)
	Global, with U.S. emphasis
	-
	· Large size, heavy bodies

· Poor manoeuvrability

· Flight speed and altitude

· Early, late and nocturnal flying

· Experience of area

· Young birds

· Sex – males more vulnerable?

· Flocking


	· Poor weather – reduced visibility

· Artificial lighting

· Land use – attractive resource options for collision prone species

· Proximity to take-off and landing areas

· Low surrounding vegetation

· Topographic features channel movements


	· Monitoring bird movement in relation to existing or proposed line to inform mitigation strategy

· Site line close to tall vegetation

· Site line away from attractive habitats

· Remove attractive habitats

· Limit disturbance near line

· Design line to reduce risk

· Marking the line – spheres, swinging plates, spiral vibration dampers, bird flight diverters/spirals

Raptor silhouettes

· Thicken earth wire

· Remove earth wire
Bury line

	Bevanger 1994


	> 50 (1964–1994)
	Global
	-
	· Fast, strong flyers with high wing loading

· Poor flyers

· Extensive blind-zone in vision

· Poorly developed fovea – poor visual acuity

· Crepuscular or nocturnal

· Migratory habit

· Congregatory

· Display flights

· Highly aerial

· High-speed hunters
	· Lines crossing flight lanes, dictated by topographic features, relative locations of resource areas

· Overcast or foggy conditions

· Strong wind


	· Configure line to minimise risk – flat rather than vertical configuration, group lines into single corridor

· Remove earth wires

· Thicken earth wires

· Coat and colour wires according to visible spectrum of high risk species

· Thickening markers – spheres, spirals, strips

· Predator silhouettes

· Illuminate lines

· Acoustical scaring 

	Bevanger 1998
	> 60 (1876–1997)
	Global
	Grebes, cormorants, waterfowl, gamebirds, rails, cranes & bustards, plovers, sandpipers, gulls, pigeons, larks, thrushes, warblers, starlings
	· Low aspect ratio and broad wings – typically poor flyers

· High wing loading and migratory or otherwise highly aerial

· Highly aerial


	-
	-

	Hunting 2002


	204 (1876–2001)
	Global, with a U.S./California emphasis
	Grebes, albatrosses, pelicans, cormorants, storks, flamingos, waterfowl, vultures, condors, eagles, hawks, falcons, gamebirds, rails, cranes & bustards, plovers, sandpipers, terns, owls, pigeons, hummingbirds, woodpeckers, flycatchers, larks, swallows, crows, thrushes, warblers, tanagers, sparrows
	· Poor weather – snow, hail, cloud, fog/mist, wind

· Topography – valleys, depressions, linear vegetation breaks, all visual cues which guide flight lines

· Proximity to wetlands


	· High wing loading – high speed flight and lower manoeuvrability

· Large and heavy (tend to have high wing loading)

· Long necks and legs

· No fovea – poor vision

· Bi-foveal - acute forward binocular vision but wide blind-spot

· Crepuscular movements

· Regular commuters

· High speed, low altitude flying

· Flocking
	· Line location and siting

· Clustering lines of the same or similar configuration

· Put lines underground

· Towers without guy wires

· Minimize tower height

· Remove earth wire

· Mark line – spiral vibration dampers, bird flight diverters, swan flight diverters, bird ‘flapper’, Avifauna spiral, aerial marker spheres, swinging plates, ribbons, tapes

	Crowder and Rhodes 2001
	48 (1876–1999)
	Global
	-
	· Large numbers of birds present

· Unfamiliarity with local environment

· Line proximal to resource area – e.g. croplands, wetland

· Large size, high wing loading, low manoeuvrability

· Regular commuting, especially in flocks, especially in poor light

· Young and inexperienced birds more prone
	· Inclement weather

· Fog is problematic although birds tend to fly less when visibility is close to zero

· Strong wind

· Disturbance can lead to panic and collision


	· Route planning to avoid problem areas – avoid resource areas, route close to base of cliffs or tall trees or objects,

· Habitat modification to reduce risk – plant trees

· Reduce disturbance near lines

· Modify structures – go underground, remove earth-wire

· Mark lines – flags, ribbons, tape, raptor silhouettes, fishing floats, aviation spheres, swinging plates, spirals, crossed bands, vibration dampers, bird flappers, bird flight diverters

· Spacing and colour of markers influential – yellow best colour

· Must consider safety codes, ice loading, wind resistance and economics

	Rubolini et al. 2005
	> 15 (1980–2001)
	Italy
	Herons, passerines, waders, gulls, waterfowl, cranes & bustards, 
	· Large with low flight manoeuvrability

· Long tails and wings


	-
	-

	Drewitt and Langston 2008
	> 25 (1972–2005)
	Global
	Bustards, pigeons, plovers, quails, herons, rails, cranes, large waterfowl, falcons, buzzards, kites

Passerine fatalities under-estimated?


	· Tendency to congregate

· Flight characteristics

· Vision – foveal development and visual acuity

· Flight behaviour – display flights, nocturnal or crepuscular flying, high speed and low flying

· Flocking

· Provisioning young more pressure, more risk

· Migratory species less familiar with surroundings

· Young birds more susceptible
	· Poor weather – poor visibility, poor control of flight

· Low winds may mean little lift and greater risk for soaring birds


	· Avoid routing lines through problem areas

· Underground cabling

· Lines parallel to flight known paths

· Few vertical layers of wires

· Marking earth wire

· Focus marking on mid-span

· Acoustic techniques and lighting


Appendix 2.  Field studies with original bird collision rate data (Tx = high voltage transmission lines, Dx = medium voltage distribution lines).
	Reference/

Geographic area/

Affected taxa
	Habitat
	Voltage of line/s
	Duration of study
	Extent of line surveyed
	Repeat surveys to establish collision rate?
	Allow for scavenge and other biases?
	Measured or estimated casualty rate
	Estimated conservation impact?

	Rusz et al. 1986/

Michigan, U.S.A./

Gulls, herons, waterfowl
	Wetland
	345/138 kV
	5 years
	1.2 km
	Weekly searches, 34–38 weeks per year over 5 years
	No
	Approx. 14.3 casualties/km/year
	Low, and largely reflected in abundance of various species present, except Great Blue Heron which may be heavily impacted by collisions

	Brown et al. 1987/

Colorado, U.S.A./

Cranes and waterfowl
	Croplands and wetlands
	7.2, 24, 69 and 155 kV
	2 years
	Approx. totals of 33 km of Tx lines and 16 km of Dx line
	Bi-annual searches over 2 years
	No
	Approx. 1.1 casualties/km/year on Tx lines, 1.4 casualties/km/year on Dx lines.

[Sandhill Cranes approx. 0.7 casualties/km/year on Tx lines]
	Sandhill and Whooping Cranes highly vulnerable to collision, juveniles more prone than adults. 

	Crivelli et al. 1987/

Porto-Lago, Greece/

Dalmatian Pelican 

Pelecanus crispus
	Wetland
	-
	2 years
	1.7 km
	Monthly counts over 2 years
	No
	Approx. 8.2 casualties/km/year
	93% of casualties immatures, 69% first year, first year mortality raised by 5–6%

	Faanes 1987/

North Dakota, U.S.A/

Various, mostly waterfowl, gulls, cranes, cormorants and pelicans
	Wetland
	12, 230, and 400 kV
	2 years
	Approx. 7.8 km of Tx line, 0.7 km of Dx line over 6 different wetlands 
	Weekly or twice-weekly, searches over 11 months over 2 years
	Yes – included search, scavenger removal and habitat biases
	Approx. 37.2 casualties/km/year without correction

Corrected value approx. 78.4 casualties/km/year
	None, although cumulative effects may be significant for threatened species

	Bevanger 1995/

Norway/

Tetraonids – Ptarmigan Lagopus mutus, Capercaillie Tetrao urogallus, grouse
	Boreal woodland
	22–300 kV
	?
	11 sections of Tx and Dx lines, length? extrapolated over 15,000– 53,000 km 
	Annual over ? period 
	Yes – included search, habitat, scavenge and crippling biases
	Total estimated losses 0.4–3.4 casualties/km/year for all lines in central Norway
	Losses equate to 10–90% of the annual hunting harvest – i.e. may be too high in combination with other factors

	Henderson et al. 1996/

North Wales, U.K./

Common Tern Sterna hirundo
	Wetland
	132 and 400 kV
	4 months
	?
	8 surveys over 4 months
	Yes – included scavenge bias
	2 casualties
	Low

	Janss 2000/

Extremadura, Spain/

9 spp., mainly bustards and cranes
	Woodland
	?
	Approx 1 year
	Approx. 16 km over 3 locations
	7–8 two-monthly or monthly surveys 
	No
	Approx. 1.1 casualties/km/year overall

[Great Bustard 0.3 casualties/

km/ year]
	-

	Janss and Ferrer 2000/

Extremadura, Spain/

Common Crane Grus grus and Great Bustard Otis tarda
	Croplands and woodland
	132 and 400 kV
	3 years
	3.5 km 400 kV, 3.8 km 132 kV
	Monthly or two-monthly surveys over 3 years
	Yes- included detection, habitat, scavenge and crippling biases
	Common Crane 2.3–5.9 casualties/km/

year, Great Bustard 1.6–4.0 casualties/km/

year, both corrected figures
	-

	van Rooyen 2000/ South Africa/

Cape Vulture Gyps coprotheres, Secretary Bird Sagittarius serpentarius, African White-backed Vulture Gyps africanus 
	Various
	Various, both Tx and Dx
	2 years
	-
	Incidental records
	No
	-
	7 Secretary Bird collisions could suggest a problem?

	Mañosa and Real 2001/

Catalonia, Spain/

Bonelli’s Eagle Hiraetus fasciatus
	Various, montane
	110–400 kV
	7 years
	960 km of Tx line
	Annual surveys of turnover of breeding adults
	-
	Two of 12 dead eagles were collision victims; collisions account for 1.7% of annual mortality
	Rate of collision a significant threat to population

	Bevanger and Brøseth 2004/

Southern Norway/

Various, mostly Willow Ptarmigan Lagopus lagopus
	Boreal woodland
	22, 66 and 300 kV
	6 years
	Approx. 30 km over 4 sections
	Every 5–10 days over 6 years
	Yes- included detection, habitat, scavenge and crippling biases
	Adjusted rate approx. 9.4 casualties/km/year
	May have a significant demographic effect

	Kelly and Kelly 2005/

U.K./

Mute Swan Cygnus olor

	?
	Various
	3 years
	-
	-
	-
	72 injured birds examined, with varying levels of Pb contamination
	Birds with moderate levels of lead contamination suffer a higher risk of collision.

	Sundar and Choudhry 2005/

Uttar Pradesh, India/

Sarus Crane Grus antigone
	Wetlands/ croplands/ pasture mosaic
	Supply lines (low V) and Dx 11–13.5 kV
	3.5 years
	108 km
	3 times a week over 3.5 years
	Yes – includes detection, habitat and crippling bias
	Approx. 0.11 casualties/km/year
	Mortality equates to about 1% of total local population


