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(orredic 4 eagle disturbance and ongoing
mortalities to a level where remaining take
is unavoidable” (50 CFR 22.3).

The regulations are intended to provide
a mechanism—under carefully considered
circumstances—where non-purposeful take
of bald and golden eagles can be legally
authorized. How-ever, BGEPA provides the
Secretary of Interior with the authority to
issue eagle take permits only if it is able to
determine that the take is compatible with
eagle conservation. This must be “...consis-
tent with the goal of increasing or stable
breeding populations.”
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Regulation establishes the issuance of per-
mits for removing eagle nests where (1) nec-
essary to alleviate a safety emergency to peo-
ple or eagles, (2) necessary to ensure public
health and safety, (3) the nest prevents the
use of a human-engineered structure, or (4)
the activity or mitigation for the activity will
prov1de a net benefit to eagles (50 CFR 22.27).

figttive nests may be faken except in the
emergencies. Inactive eagle
Ined by the continuous absence
dependent young at the

Sllaneous Permit

ompliance with federal regulations, utili-
ties may need certain permits to handle or
“possess” injured or dead birds found along
power lines. Salvaging and possessing car-
casses of birds protected under the MBTA
requires a Federal Special Purpose or Salvage
or Miscellaneous Permit (50 CFR 21.27).
This permit allows the burial or incineration
of migratory birds found dead on a utility
property or temporary possession for
transporting to a suitable disposal location,
rehabilitation facility, repository, or wildlife
pathology laboratory. Permit conditions may
vary but if the bird is a federally endangered
or threatened species or eagle, most permits
require the USFWS to be notified within 48
hours of discovery of the carcass. Depending
on permit requirements, a quarterly and/or
an annual report must be submitted to the

USFWS regional permit office.

Endangered Species Act Consultation,
Incidental Take Permit (ITP), and Habitat
Conservation Plan (HCP)

When utilities propose the construction of,
for example, power generation or transmission
facilities where a federal nexus exists (i.e., on
federal lands, with federal funding, or requir-

ing federal authorization or permits), they
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must first consult with the USFWS through
Section 7 of the ESA if any threatened or
endangered species may be at risk. Before
initiating an action, the federal agency owning
the land or providing the funding or the non-
federal permit applicant (e.g., an electric utili-
ty) should ask the USFWS to provide a list
of threatened, endangered, proposed, and
candidate species and designated critical
habitats that may be present in the project
area. The USFWS has developed a handbook
that describes the consultation process in
detail (USFWS and NMES 1998). Based
on a Biological Assessment, an ITP may be
issued under Section 7 of the ESA.
When non-federal activities (i.e., lackingg
federal nexus) will or may take threateng
endangered species, an I'TP is requiredand

Section 10 of the ESA. Approva

opportunity for public cémm:
other things, the ta/\ing

extent practlca i
impacts of such

o) W species or adversely
modifyino criticalliabitat. Information about

HCPs can be obtained

by conta “the local USFWS Ecological
Services ﬁeld office.
CANADA

Both MBCA and SARA provide for permit-
ting and authorization of incidental take of
migratory birds and species at risk. However,

for MBCA, the Canadian government, through

the CWS, has declared that they will not
develop the permitting system; instead they
recommend that companies use due diligence
to prevent incidental impacts to migratory
birds through best management practices.
SARA does provide for incidental harm to
a species or destruction of its critical habitat
under carefully controlled circumstances pro-
vided the acti

does not jeopardize the sur-

migratory birds only applies in federal

lands such as national parks, national wildlife
areas, and bird sanctuaries. For critical habitat
Yocated in federally protected lands, the pro-
hibition on destruction of this habitat applies
automatically once the Environment Minister
posts a description of the critical habitat in
the Canada Gazette (typically within 90 days
after the recovery strategy/ action plan is
posted to the SARA Public Registry).

The Environment Minister can recom-
mend that the Cabinet protect a migratory
bird species and/or the critical habitat of a
species not on federal land if there is reason
to believe the province or territory is not
sufficiently protecting the species. However,
the decision by the Cabinet to order protec-
tion is discretionary. There is also a species
and habitat harm exemption clause in SARA
for activities that have been authorized by
other permits or agreements. This clause has

not been implemented to date (2012).
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CHAPTER 4

Understanding Bird Collisions

Susceptibility of Birds to Power Line Collisions
Identifying Collision Mortality

Variability in Reported Mortality Rates

Biological Significance of Collision Mortality

Biological Characteristics Influencing Avian Collision Risks

Environmental Conditions Influencing Avian Collision Risks

Engineering Aspects Influencing Avian Collision Risks

Understanding the nature of bird collisions is essential for minimizing and mitigating them.
This chapter presents what is known about bird collisions including the susceptibility of
certain species, variability in reported mortality rates, biological significance of collision
mortality, and the biological, environmental, and engineering factors that influence
collision risk.

ird species have a greater collision risk feeding, and roosting areas in proximity
eps. Because of the need for power to power lines.

(thesifo deliver electricity, engineering design * Susceptibility to collisions is partially a
requirements, and potential interaction of function of wing and body size and vision.
birds with power lines, collisions cannot be Larger, heavy-bodied birds with short wing
eliminated, but they can be reduced. The spans and poorer vision are more susceptible
understanding of bird collisions has grown to collisions than smaller, lighter-weight
since 1994 and revolves around the following birds with relatively large wing spans, agility,
principles: and good vision.
* Exposure to collisions is largely a function * Environmental conditions (such as
of behavior. Specific behaviors (such as inclement weather and darkness) may
flushing, courtship displays, and aerial distract birds from the presence of
hunting) may distract birds from the power lines or obscure their visibility.
presence of power lines. * Engineering aspects, including design and
* Exposure is increased for birds that make placement, can increase or decrease the
regular and repeated flights between nesting, exposure for collisions.
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SUSCEPTIBILITY
OF BIRDS TO
POWER LINE
COLLISIONS

Summaries of studies on birds susceptibility
to collisions have primarily come from Europe
(see Bevanger 1998; Janss 2000; Rubolini et
al. 2005). Based on the Bevanger (1998)
summary of risk, the orders of birds reported
to be most susceptible to collisions included:

* Gaviforms (e.g., loons)

* Podicipediformes (e.g., grebes)

* Procellariiformes (e.g., shearwaters,
albatross, petrels)

* Pelecaniformes (e.g., pelicans, cormorants)

* Cicioniformes (e.g., storks, ibis, herons)

* Anseriformes (e.g., ducks, geese)

* Falconiformes (e.g., hawks, eagles)

* Galliformes (e.g., grouse)

* Gruiformes (e.g,, rails, cranes)

* Charadriformes (e.g., gulls, terns)

IDENTIFYING
COLLISION
MORTALITY

Reporting bird injuries and mortaligies\s

of the uUsS. Fish and Wildlife

ntlﬁed Fleld guides

cad B ) 1 fyiche bird species, and a

* Apodiformes (e.g., swifts)

* Columbiformes (e.g., pigeons, doves)
* Strigiformes (e.g., owls)

* Passeriformes (e.g., song birds)

The reasons for this susceptibility are
functions of species characteristics, in par-
ticular the birds’ body size, weight, wing

shape, flight be
(see on ong

ior, and nesting habits
Wharacteristics [zfluenfmo Avian

g 6). For example, liter-
\ of prey are

ailable (CEC 2005). The U.S. Geological

Surveys National Wildlife Health Center also
provides information and technical assistance
for identifying bird carcasses (USGS 2011).
See Appendix E for resources.

Table 4.1 lists the typical damage evident
in bird carcasses from collision injuries. Elec-
trocution injuries often occur as burn marks
on the feathers and feet (see APLIC 2006).

Collisions can also lead to electrocutions

Evidence

Description

Predominant bone fractures

Fractured wings, legs, shoulder bones, vertebra, or skull; torn off limbs

Damage to plumage

Mechanical damage, such as torn off or broken feathers

Skin injuries

Skin torn open or off, and open muscle, sinew, and bone tissue visible; power
line may leave imprint in skin where the bird struck the line; necropsy may
reveal internal bleeding and bruising

Secondary damage to extremities

Limited areas of infection at open wounds, bones, sinews, and muscles

General condition of injured birds

State of shock; handicapped by injuries and secondary damage

* Source: Adapted from BirdLife International (2003)
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Understanding Bird Collisions | 31

(called collision-electrocutions) if the bird’s
size is sufficient to make simultaneous con-
tact with two phase conductors or with a phase

conductor and grounded equipment, or if the
collision causes two lines to slap together or
get close enough to cause an electric arc.

VARIABILITY
IN REPORTED
MORTALITY
RATES

© JERRY LIGUORI

It is difficult to extrapolate collision risk from
one study and apply it to other power lines or
compare it with other studies because of site-
specific conditions and varying study methods
and metrics. Likewise, many collision studies
have been conducted in high risk areas and
would not be applicable to lower risk areas.
Numerous authors have summarized collision
mortality with power lines (e.g., Faanes

birds killed to several hundreé

along a given segment of i

(Hunting 2002) provides a summary of
collision mortality rates per unit area per
distance, Reported mortality rates are highly
1 d do not lend themselves to

ingle seasons versus multiple seasons

eather conditions, such as fog, wind, etc.

e Sampling biases, such as scavenger removal
rates and searcher efficiency

* Types of power lines

Another limit to extrapolating bird/ power
line collision mortality estimates is the ten-
dency to select worst-case scenarios as case
studies (e.g., Koops 1987; Erickson et al.
2001; Manville 2005a). The CEC study
(Hunting 2002) points out the difficulty
in generalizing collision rates, and Bevanger
(1999) provides an excellent summary of the

Bibliographies of Collision Literature

Appendix A of this manual includes
the literature cited and a bibliography
of collision literature. An annotated
bibliography of early collision literature
was provided by Avery et al. (1980). In
addition, the California Energy Com-
mission hosts a searchable database on
collisions: On-Line Annotated Bibliography

of Avian Interactions with Utility Structures
(CEC 2011).



methodological issues in calculating these
rates. For example, Faanes’ (1987) calculation
of 125 collisions/kilometer(km)/year (0.62
miles[mi]/year) for a line near a North
Dakota wetland with abundant waterfowl
during migration periods has been referenced
by others including Bevanger (1999) and
Erickson et al. (2005). Janss and Ferrer
(2000) calculated collision rates of “one of
the densest breeding populations of the great
bustard (Otis tarda) in Spain,” and for a large
wintering population of common cranes
(Grus grus) feeding in grain fields. Extrap-
olations from these studies could lead to
exaggerated overestimates.

BIOLOGICAL
SIGNIFICANCE
OF COLLISION
MORTALITY

Understanding the biological significang

collision mortality is necessary fouf

mortality. The
the mortality affi

1can

© JERRY LIGUORI

Adding to the difficulty in providing an
overall assessment of collision mortality is
that bird collisions do not usually cause power
outages and consequently are not usually dis-
covered. On the other hand, electrocutions
are more likely to cause power outages and

be reported (see APLIC 2006). To generate

collision estimates for a particular power line,

power line segnferts have to be selected ran-

habirtats. Collision

or low depend-

dations for colltsion monitoring studies.

ological perspective, significance
evaluates whether collision mortality will
affect the viability of a species’ population.
iological significance results from an influ-
ence that significantly affects the ability of a
species’ population to sustain itself or
Increase its size.

This definition is used by population
biologists to understand the influence of an
adverse effect on a particular population or
species. During site evaluation studies, utility
biologists need to be aware of the possible
impacts to rare species and to determine if
the line would create a biologically significant
risk as well as significant risk from a wildlife
policy perspective (see Chapter 3).

Drewitt and Langston (2008) conclude
that few studies of bird collisions with power
lines show that collisions are biologically sig-
nificant, which means individual losses from
collision mortality are unlikely to affect large
and robust populations. As an independent
mortality factor, the effect of power line col-
lisions on bird populations is generally thought
to be compensated for in populations that
have high reproductive rates (Bevanger 1998).

Biologically significant risk from collisions
may occur in a population that is so small
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that the loss of a few individuals may impact
local, rare, or endangered populations
(Crowder 2000). Power line collisions may

be significant to very small and/or declining
populations, as they may not be capable of
compensating for this loss (Bevanger 1998).
Drewitt and Langston (2008) note that low
reproductive rates and small populations of
some species may further contribute to the
likelihood of population effects. In addition,
there are examples where collision mortality
has occurred locally and concern has been
expressed Although not a federally endangered
species, recent studies of sandhill cranes s
Nebraska have shown that local populatlo
can be affected by collision mortali
et al. 2009). Collisions during
tion stopovers at major nigh
Platte River in Buffalo C
have been historically hi
volt (kV) transmission ling
shearwater (Pujfit

~ ot (] predation by dogs, cats, rats, pigs,

ses; collisions with buildings, cars,
sets; and attraction to lights

( Ty aroufyy the light until they fall from

stion. Power line collisions appear to be
a major contributor to the threats to Newell's
shearwater’s survival (Podolosky et al. 1998;
Day et al. 2003; R. Podolosky, pers. comm.).

Outside North America, collision mortali-
ty is considered biologically significant for

these species with low population numbers:

* Red-crowned cranes (Grus japonensis)
in Japan (Archibald 1987, cited in
Crowder 2000)

* Wattled cranes (Bugeranus carunculatus) in

South Africa (Van Rooyen and Ledger

Understanding Bird Collisions | 33

1999, cited in Crowder 2000)

* Capercaillie (Tetrao urogallus) in Norway
(Bevanger 1995; Bevanger and Broseth
2004)

* Dalmatian pelicans (Pelecanus crispus) in
northern Greece (Crivelli et al. 1983,
cited in Drewitt and Langston 2008)

° Bonelh s eagle (Aquila fasciata) in Spain

ythe United States, collision mortality from
Sower lines is considered biologically significant
for two species with small populations: the
whooping crane (Grus americana) and the
California condor (Gymnogyps californianus).

WHOOPING CRANE

Losses of wild and reintroduced (or experi-
mental) whooping cranes to power line colli-
sions have been reported (Crowder 2000;
Brown et al. 1987; Morkill and Anderson
1991; Stehn and Wassenich 2007). The one
natural wild population, the Aransas-Wood
Buffalo Population (AWBP), has been sub-
jected to significant natural causes of mortal-
ity such that additional collision mortality is
viewed as a threat to the species. The loss of
57 cranes (21.4% of the flock of 266) that
died of starvation and infectious disease in
the 12 months following spring 2008 (34
between spring and fall, 23 during the winter)
was a serious setback (T. Stehn, pers. comm.).
The additional loss of more than 10 birds
per year for any reason could destabilize this
species’ recovery. However, the population
has shown resilience with 279 whooping
cranes at the Aransas National Wildlife Refuge
in the spring of 2011 (T. Stehn, pers. comm.)
compared to 247 in the spring of 2009.
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€a (Figre 4.4)10 is so
Bwo of nine radio-marked

1es in the AWBP died

gifigllosses (n = 6) of the radio-
marked birds during the study (Kuyt 1992).
Five of 13 known causes of mortality (38%)
for the AWBP between April and November
from 1950 to 1987 resulted from collisions
with power lines (total mortality from all
causes equaled 133 cranes) (Lewis 1992).

Collisions have been reported in other

whooping crane populations as well. In the
non-migratory Florida population, 20 out of
166 cases with known causes of mortality
(12%) were from collisions with power lines,
and in the migratory Wisconsin population,
3 out of 18 mortalities (17%) were from col-
lisions with power lines (Stehn and Wassenich
2007). From 1950 to 2008, out of 503
fledged whooping cranes that have died, only
44 (8.7%) of the carcasses were recovered
(C. Strobel, USFWS, unpubl. data). Of the
44 carcasses recovered, no cause of death
could be determined for 17. Of the remain-
ing 27 carcasses where a cause of death was
established, 9 (33%) were from power line
strikes and 18 (67%) were from other causes
(e.g., disease, predators, and shooting).

10 The whooping crane migration corridor is 322 km (200 mi) wide and extends 4,023 km (2,500 mi) from Wood Buffalo
National Park in the Alberta and Northwest territories in Canada to the Aransas National Wildlife Refuge on the Gulf

Coast of Texas (see Stehn and Wassenich 2007).
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CALIFORNIA CONDOR from the mountains of southern California
The federally endangered California condor in 1987 to establish a captive breeding and
was rescued from extinction when the last reintroduction program. In 1991, reintroduc-
remaining wild individuals were captured tion of captive-bred individuals began in

select areas of the southwestern United
States. As of December 2011, the total wild
population of California condors was 210

individuals (NPS 2011). Reintroduced indi-

vidu om the captive breeding program

Wood Buffalo '
National Park § -

ality has occurred. For example,
iod, three of eight condors
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BIOLOGICAL

Different bird species have different collision

Body size, weight, and maneuverability

CHARACTERISTICS  ,;sks based on their biology, behavior, habitat Flight behavior
INFLUENCING use, and inherent abilities to avoid risk (e.g., Vision
QI\QQSN COLLISION Savereno et al. 1996) (see Susceptibility of Birds Age and sex
to Power Line Collisions, page 30). A number of Health
biological characteristics influence the suscep- Time of day and season
tibility of species to collisions with power lines: Habitat and habitart use
fying what avian species are
. fiyolved, when they are present,
Broad Wings “n

Small Wings Relative to Bird's
Mass = High Wing Loading

\/ Low Asp.ect Ratio

Narrow Wings
High Asp_ect Ratio

# they use the habitat

Séyeral studies of collision
vulnerability have addressed the
relationship between bird size and
maneuverability (e.g., Bevanger

High Aspect: 1994, 1998; Janss 2000; Crowder
- Thin Wings and Rhodes 2002; and Rubolini
Arne G et al. 2005). They classified birds
Soarers . Y :
. albatrosses : based on weight and with these
skimmers o g ) .
“Good" tl;?rgig o char;flcterlstlcs q.uantlﬁed wing
Fliers terns == g8 loading (the ratio of body weight
frigate etrels di ) g ) Y g
birds avacets TR IVErS to wing area) and wing aspect
Asrial i grebes ratio (ratio of the square of the
Predators y swan sea ducks wing span to the wing area) (Fig-
nodd : ducks ure 4.6). Using Rayner’s charac-
Low Loading: kites D peficans i il High'Loaimg: terization (Rayner 1988), bird
Large Wings harriers cuckoos ' ¥ uffin Small Wings
| parrots | P | . d o
. — » h_dlpper | d N | species were grouped according to
nightjar anhinga iving petrels { L { 1
g hoop el L Water the relfatxonshlp of wing loading
© owls  EOrets i | bustards Birds and wing aspect ratio and ana-
IDIses ¢ rouse i & A E
herans St';?;il\r’lgs oS | feangs T v pheasants lyzed for collision susceptibility
o eagles "WOO deckers tinamous (Bevanger 1998). He developed
'Is'hennal vultures s six categories: poor flyers, water-
oarers o . > f i
screamer ; ;901' birds, diving birds, marine soarers,
conaors lers .
I aertal predators, and thermal
peacock
curassow soarers. Bevanger (1994, 1998),
turkey Janss (2000), Crowder and
T Rhodes (2002), and Rubolini et
™ Broad Wings al. (2005) have also evaluated
Loading

different species and their colli-
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sion susceptibility using wing
loading and wing aspect ratio.

They found in general that birds
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with high wing loading are more susceptible
to collisions than birds with low wing loading;
and that birds with low aspect ratios are more
susceptible than birds with high aspect ratios.
Birds with high wing loading and low aspect
ratios represent poor fliers. Bevanger (1998),
supported by Janss (2000) and Rubolini et
al. (2005), also found this to be true.

High wing loading birds are frequently
reported as collision casualties, including
large, heavy-bodied birds with large wing
spans such as herons (Mead et al. 1979),
cranes (Walkinshaw 1956; Tacha et al. 1979;
Brown et al. 1987), swans (Banko 1956; Beer

1977), and condors (D. Pearson, pefS.
comm.). These and similar spec
lack the maneuverability to qfig

obstacles.

accounged of collision mor-
Valley, Colorado
95). Researchers have
species with long legs and
ide more often than those with
profiles (NUS Corporation
bl., cited in Hunting 2002).
arison, terns with low wing load-
smaller body size are considered agile
fliers and have a keen ability to avoid lines
despite their high potential exposure. Hen-
derson et al. (1996) found only two casual-
ties beneath wires in a study of a common
tern (Sterna hirundo) colony located within an
industrial complex, where birds of all age
classes and both sexes were making hundreds
of flybys per hour (>10,000 flybys observed).
Body size and maneuverability do not
explain all collision risk. Other factors can
also contribute. For example, gulls and terns
have low wing loading, yet they can be sub-
ject to collisions because of behavioral

© JERRY LIGUORI

characteristics, such as flocking, spending large

amounts of time in the air, and flying at night.
Although the low wing loading (light body)
gives gulls and terns a more buoyant, grace-
ful, and potentially slow flight speed, they are
over-represented in Janss’ mortality data set
because of their large abundance at his study
sites. This point is also made by Bevanger
(1998) who cites observational studies by
Meyer (1978), James and Haak (1980),
and Beaulaurier (1981) to assert that gulls
were S0 to 100 times less likely to collide
with power lines when compared with ducks.
Passerines (songbirds) were reported in
Bevanger (1998) to have a great deal of
variation in flight morphology, yet most are
not particularly heavy bodied or thin winged.
Certain songbirds such as European starlings
(Sternus vulgaris) may be so abundant that their
representation among power line collision
casualties may actually be attributed to abun-
dance rather than suscepuibility (Janss 2000).
On the other hand, passerine carcasses are so
small that they are much more difficult to dis-
cover and may be under-reported (Scott et al.

1972, cited in Drewitt and Langston 2008).
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FLIGHT BEHAVIOR

Understanding the flight behavior of birds
active near a power line can be useful in iden-
tifying the potential risk for collisions and
how those risks might be reduced. The fol-
lowing flight behaviors have been reported

in the literature (e.g., Drewitt and Langston
2008) as influencing collision risk:

* Flocking

e Flight altitude patterns of migrating
and non-migrating birds

e Courtship, nest building, and feeding
flights to and from and around the nest,
especially for colonial species

* Flight ability of fledglings and juveniles

* Flights between nesting/roosting and 4
foraging areas :

Flocking species, such as water

FIGURE 4.8: Flocking speci
‘more vulnerable to cb |s|ons i

Drewitt and Langston 2008). The density
of large flocks leaves little room to maneuver
around obstacles; in fact, birds sometimes
collide with each other when panicked
(Brown 1993). Bevanger (1998) and Drewitt
and Langston (2008), citing several studies,
conclude that flocking behavior may lead to
greater susceptibility, as trailing birds have

obstructed vie
Crowder (2
(2002) obse

lines at a

t an upcoming obstacle.

and Crowder and Rhodes

were involved in power line collisions in the
Placte River area, Nebraska; in several instances
ollisions of some birds within flocks were
observed (Murphy et al. 2009).

Flight altitude is a function of species and
environmental conditions such as winds, thermal
conditions, visibility, precipitation, and time
of day, as well as the type of flight (Newton
2008). Two types of bird flight altitude are
observed: migrating or non-migrating.

Migrating birds take advantage of thermals
and stronger tail winds when conditions per-
mit, allowing them to conserve energy (New-
ton 2008) while staying well above power
lines. In general, flight altitudes of migrating

birds range from a couple hundred meters
(m) (several hundred feet [ft]) to more than
6,000 m (20,000 ft). Weather conditions
(e.g., wind speed and direction) influence
flight altitude of migrants (see Weather Condi-
tions and Visibility, page 48). Most transmission
towers in the United States range from 15.2
m (50 ft) to less than 60.9 m (200 ft)!! high
depending upon design and voltage. If a

' Some structures exceed 61 m (200 ft) in height especially at river crossings and to clear other lines that might otherwise intersect

(M. Schriner, pers. comm.; D. Bouchard, pers. comm.).
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bird’s flight altitude is at or below the height
of power lines, collision risk can increase.
There are two basic types of migrating
birds: long distance and daily migrants.
Long distance migrants can fly thousands of
kilometers (miles) without stopping and will
have the least exposure to power lines during
migration (e.g., some shorebirds, swallows,
swifts, and terns). Most long distance
migrants migrate at night, resting and feeding
during the day (Manville 20072). Daily
migrants take shorter flights and make
numerous stops to rest and feed (Newton

2008). Daily migrants include cranes, dugd

increases.

For non-migrating birds, fligh
is likely to be within the
height. Their flight is a

feeding, reproductive, an

s that aerial hunters such
ows, and certain raptors,

erability and very good vision. Yet
because they chase prey at high speeds,
the presence of a power line may not be
perceived soon enough to avoid a collision
with it.

Flight related to nesting behavior can
increase collision risk if nests occur in close
proximity to power lines. Such behavior
includes courtship (e.g., aerial displays and
pursuit), nest building, fledgling flights, feed-
ing flights to and from the nest, territorial
defense, and general flying around the nest or
colony. These behaviors are most important

for birds that nest in colonies, such as herons
and egrets. Risks can also be associated with
the age of a bird (i.e., adults and juveniles).
Older birds are often acclimated to the
presence of a line and will exhibit lower
collision risk through well-developed flight
patterns. Fledgling birds have less control of
the flights and are more vulnerable to colli-
sions than adults (see Age and Sex, page 41).
There may also be risks for birds crossing a
power line from the nesting site to a foraging
area. Again, this is most important for colo-
nial birds that will travel together to feed (see
also Habitat and Habitat Use, page 44).
Collision risks to foraging birds will occur
when birds departing from and returning to
a colony have to cross power lines. Their risk
will be a function of the direction of forag-
ing flights and the frequency of crossings.
Mojica et al. (2009) reported 21 bald eagle
(Haliaeetus leucocephalus) mortalities attributed
to power line collisions in a study in Mary-

land conducted from 1985 to 2007.
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VISION
Information on the visual acuity of birds
relative to power lines is generally lacking
(Bevanger 1998). However, when they are
able to see power lines, birds do exhibit
avoidance behavior. The use of line marking
devices that increase the visibility of lines has
confirmed this (see Chapter 0).

For birds, detecting power lines depends
on the visibility of the wires and on the char-
acteristics of their vision. Compared to
humans, the frontal vision of many bird
species is not high-resolution, and many
species mainly use their lateral vision to
detect details (Martin 2011). Birds often
tend to look downwards when in flight (e.g
to look for conspecifics [their own kind
food), which for some species puts the
tion of flight completely inside their bl:
zone (Martin and Shaw 2010;
CMS 2011a).

Some birds have high

time as well as in front of them. This wide
field of vision enables birds to spot predators
and obstacles. However, widely spaced eyes
can make judging distances and depth percep-
tion more difficult, except in the area where
the eyes’ fields-of-view overlap.

In addition, birds have blind spots caused
by the length, width, and position of their

bills. For somegpecies, depending upon the

ual field. Researchers

ontal vision

greater than 25 degrees and 35 degrees,
respectively, can render them blind in the
direction of travel. If this occurs, objects
directly ahead of the bird may not be detect-
ed during flight regardless of the visual capac-
ities of the bird’s eyes or the size and contrast
of the object.

Raptors’ eyes are closer to the front of
their heads, giving them binocular vision,
which is important for making distance judg-
ments while pursuing prey. Having depth
perception also makes them less vulnerable
to collisions than birds with eyes on the sides
of their head.

Birds with eyes adapted to underwater
vision, such as ducks, tend to be emmetropic
(objects are in sharp focus) in water and
slightly myopic (nearsighted) in air (Jones
et al. 2007). This may affect their ability to
detect small diameter wires as they approach
them at high speeds. A red-breasted mer-
ganser (Mergus serrator) was observed colliding
with a shield wire with no reaction prior
to the collision, and other mergansers were
observed flying within 30.5 cm (12 in) of the
shield wire with no reaction (IN. Tutley, pers.
comm.). These observations suggest that the
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mergansers were not aware of
the wire, which indicates that
vision characteristics may
play a role in collision risk.
Examples of other birds in
this group with eyes adapted
to underwater vision include
loons, grebes, other diving
ducks (buftleheads, scoters,
and eiders), gannets, and
kingfishers.

Some species have the
ability to keep objects at

different distances in focus

simultaneously. For example,
they are able to scan the
horizon while keeping the

ground in focus during

flight, regardless of chan
in elevation. This is belicye
by asymmetry of the lens's
an optical axis (Jone

) For prey species
‘theselgharacteristics allow

n the horizon for predators

tfics while foraging for ob'ects on

: ecies that must capture mobile prey.

In the last two decades, research on avian
vision has indicated that ultraviolet sensitivity
is an important component of avian vision.
Birds detect a wider bandwidth of light in
the violet and ultraviolet (UV) spectrum
(440 nanometers [nm] to 10 nm) than
humans do. This difference in sensitivity
may relate to many different aspects of bird
behavior including prey detection, foraging,
display and mating, navigation, and circadian
rhythm (Hart et al 1998; Bennett and Thery
2007). Based on this research, UV materials

have been applied to line marking devices
to help birds detect hazards that otherwise
would not be seen. However, these UV
materials have not been systematically
tested in collision studies.

Regardless of a bird’s vision, environmen-
tal conditions such as inclement weather and
the time of day (e.g., low light or dark) can
reduce a bird’s ability to see even marked
power lines. A number of line modification
and marking strategies can be used to reduce
the effect of these factors (see Chapter S and
Chapter 6).

AGE AND SEX

Age and sex have a species-specific influence
on collision risk. Crowder (2000) cites
numerous studies showing that juveniles are
more susceptible than adults (Thompson
1978; McNeil et al. 1985; Brown et al. 1987;
Crivelli 1988; Savereno et al. 1996; Mathias-
son 1999) but also notes two examples where
adults are more susceptible (Ogilvie 1966;
Anderson 1978). Brown et al. (1987) and
Morkill and Anderson (1991) demonstrated

statistically that juvenile sandhill cranes col-
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lided with power lines more fre-
quently than their proportion
of the population would indi-
cate. Conversely, Anderson

(1978) found that adult mal-
lards (Anas platyrhynchos) were

more vulnerable to collisions
than juveniles. Ogilvie (1960)
suggested that age was not a
factor in collision susceptibility
for mute swans.

Many authors suggest that
young birds or those unfamiliar
with the area are more vulnera-
ble than experienced birds
(Anderson 1978; Thompson
1978; McNeil et al. 1985). The less-co
trolled flight of young birds also incré@s

their collision risk. These birds arg

© KEITH SWINDLE, USFWS

and collision, though this may be
confounded by the greater proportion of
young birds in the population (Bevanger
998). Most (11 of 14 = 78.6%) of

ewell’s shearwater collisions at a Kauai,
Hawaii, power line were non-breeding birds,
though many of those were likely subadults.
The proportions of non-breeding adults and
subadults in the population were not reported
(Cooper and Day 1998). Juveniles of many
migratory species are especially at risk because
they have not yet encountered nor learned to
avoid the assortment of risks they face.

Less information about the differing
vulnerability of sexes exists because com-
parative data are rarely available. However,
several studies have presented evidence that
male ducks are more prone to collisions
than females (Boyd 1961; Avery et al. 1977;
Willard et al. 1977; Brown and Drewien
1995). The courtship and pursuit behaviors
of male ducks greatly increase their frequency
of local flights and can distract them from
seeing and avoiding power lines. Distractions
for other species also include pursuit of
mates, competitors, or prey, which can
increase collision risk (Willard et al. 1977;
Anderson 1978).
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HEALTH AND CONDITION OF THE BIRD
Studies of birds killed by power line colli-
sions indicate that poor health may increase
collision risk. Mute swans with elevated
blood lead levels had higher collision risk
than did healthier birds (Kelly and Kelly
2005). Low weight swans and swans with
heavy burdens of toxins were over-represent-
ed among swans killed by collisions in
Sweden (Mathiasson 1999).

The ability of the bird to maneuver can
also be impaired by entanglement with fish-
ing lines and other anthropogenic materials.
Manville (2005b) reported on entangle
issues involving Canada geese (Branta cana
sis) and other waterbird species witlhgSizep

beverage rings and monofilamep g
along with plastic debris inges{on 4
may increase their susceppbili batwer i

aero-dynamics, and impar

Collision mo
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such as botulism. Malcom (1982) reported
the deaths of several thousand grebes and
ducks from botulism that were initiated by
the victims of collisions with a transmission
line in south central Montana. The collision
victims fell into a wetland where their car-
casses provided the energy substrate in which
dormant Clostridium botulinum spores became
i ese bacteria produce a toxin that

hose toxin-laden invertebrates
become food for other

Studies have shown that time of day is
important to collision frequency in daily
flights and during migration. Different
species generally feed at different times of
day. Non-breeding birds, including migrating
species, generally feed continuously during
the day and are considered to have continu-
ous exposure to power lines in the vicinity
of their feeding areas. When birds are nest-
ing, they often show a periodicity in feeding.
Collisions are much more likely during the
night than the day (Scott et al. 1972; Krapu
1974; Anderson 1978; and James and Haak
1980; all cited in Crowder 2000; Pandey et
al. 2008). Gulls and waterfowl tend to make
feeding flights after sunset and before sunrise.
Many waterbird species regularly fly at night
in response to tidal cycles or prey activity
(Black and Collopy 1982; Erwin 1977;
Robert et al. 1989; Dodd and Colwell 1998)
or predator avoidance. Inability to see the
wires due to low light conditions probably
raises the collision risk for these species
(Scott et al. 1972; Krapu 1974; James and
Haak 1980; Brown and Drewien 1995).
At the San Luis National Wildlife Refuge
Complex in California, bird flight diverters
were effective on waterfowl but not on coots,
which authors attribute to the fact that coots
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fly at night and cannot see the diverters
(Ventana Wildlife Society 2009).

Species that migrate at night, such as song-
birds and herons, may be vulnerable to colli-
sions if weather forces them to fly at low alti-
tudes. However, generalizing from one species
to another or one habitat to another that noc-
turnal flight behavior may be more risky than
diurnal flight behavior needs to be cautioned.
Deng and Frederick (2001) investigated
nocturnal bird flights of wading birds in the
vicinity of a 550-kV transmission line adja-
cent to the Everglades in south Florida. They
observed nine species of wading birds includ-
ing herons, egrets, and wood storks (Mycteria
americana). The investigation showed that
turnal-flying wading birds were less resp
to the power lines than diurnal- ﬂymg
however, the birds generally flew ha
the power lines at night than durfgghe
No collisions were observed but theka
stated that the samplin :

S 1N the departing and arriving
zones for roosting or foraging habitats. For
example, dark-rumped petrels (Pterodroma
phacopygia) and Newell's shearwaters in Kaua,
Hawaii, crossed much closer to power lines in
morning seaward flights than in evening land-
ward flights, and all recorded Newell’s shear-
water collisions occurred during morning

flights (Cooper and Day 1998).

Season

Seasonal bird abundance is also correlated
with collision mortality. For example, season-
al flight behavior differences resulted in more

wintertime collisions for ptarmigan in Nor-
way (Bevanger and Broseth 2004). Migration
seasons generally pose a greater risk to
migrating birds because of both higher fly-
over frequency and unfamiliarity with local
landscapes. The nighttime proportion of
crane and waterfowl collision mortality versus
total collision mortahty was 31.8% in the fall

(1990) duringMsration ancl 7.7% in the

lity and its popula-
\credse during the breeding
oK lamath Lake National

lecattus erythrorhynchos) flew low over

7 canals and collided with power lines while

searching for food. For this species, this

2 sneant a double loss: first, the loss of the
“adult that collided with the line, and second,

the loss of the young, which rarely fledge
after one parent is lost because both parents
must forage extensively to feed them.

HABITAT AND HABITAT USE

Power lines located near habitats with high
avian use (such as nesting, foraging, roosting,
and resting sites) may pose greater exposure
to collisions for some species. For example,
power lines between foraging and roosting
sites of wading birds will be frequently
crossed, which increases the collision risk
potential. This is especially true when only

a short distance separates the two habitats.
Birds in these situations typically fly at low
altitudes, potentially putting them at the
height of power lines. Willard et al. (1977)
suggested that overhead wires within a single
habitat (e.g., within a wetland) are more likely
to cause collisions than those between two
habitats (e.g., wetlands and uplands); other
studies have found the opposite to be true
(e.g., Faanes 1987; Brown et al. 1987;
Morkill and Anderson 1991).
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The critical questions are
how often, and in what

numbers, do birds fly across
a power line during their
daily routines? For example,
in a study in the San Luis
Valley of Colorado, Brown
et al. (1987) found that
power lines dividing wet-
lands (used for roosting)
from grain fields (used for
feeding) caused the most
collisions for sandhill cranes
and field-feeding waterfowl.
This occurred because these
habitats encouraged the
birds to cross the lines at
low altitudes several times
each day. However, the s3
power lines had little efte
on diving ducks, which hal

restricted their aggivities to

© JERRY LIGUORI

Power lines, including those that border
habitat such as a wetland used by many birds,
may present little risk if the adjacent habitat
separated by the power lines
is not attractive to birds (e.g.,
a city rail yard). Conversely,
if the adjacent habitat is a
grain field, collisions may
result in fall and winter for
field-feeding birds that make
daily flights between wetland
roosts and foraging sites,
including sandhill cranes,
Canada geese, mallards,
and pintails (Anas acuta)
(Thompson 1978; Brown
et al. 1987; Morkill and
Anderson 1991). The same
line may represent lower risk
during the breeding season
when these birds remain in
wetlands throughout the day.
Although forested habitats

located near power lines can
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sometimes reduce collision risk (see Managing
Surrounding Lands on page 58), in some forest-
ed habitats where there are open clearings for
the power lines, collision risk may be higher
for birds that fly across the open corridor
while going between forested areas.

During migration, birds make stopovers in

their preferred habitats. When migratory birds’

staging, roosting, resting, and foraging areas
are located near power lines, especially when
ingress or egress coincides with inclement
weather, collision risk increases (Manville
200352, 2009a). This can be especially true
when there are large concentrations of birds;
for example, sandhill cranes that number in
the tens of thousands along the Platte Riv
in Nebraska (Murphy et al. 2009). P &
Some habitats, such as lakes and ponds;

Grounds, Maryland (Mojica et al. 2009).
Higher collision mortality was found at power
lines near shorelines used as feeding areas. The
16,000 hectare (39,537 acre) area on Chesa-
peake Bay had 42 resident pairs and seven
known communal roosts used by migrants
from the north and south during the winter

and summer months, respectively. In a high bird
#along Lake Ontario, double-

ypants (Pbalafrotomx auritus) were

concentration €
crested cor
ported collision v1ct1m,

reSt water body using survey data

coﬂected in Oregon, California, Idaho, Utah,

and Wyoming from 2004 to 2009 (S. Liguori,

<« aciﬂCorp, unpubl. data) (Table 4'.2).

Samplo Slze Average Distance

37 82.3m (270 ft)

17 82.6 m (271 ft)

3 89.3 m (293 ft)

7 119.8 (393 ft)

7 154 m (505 ft)
Mallard (Anas platyrhynchos) 5 213.4 m (700 ft)
* Source: PacifiCorp, unpubl. data

ENVIRONMENTAL
CONDITIONS
INFLUENCING
AVIAN COLLISION
RISKS

Environmental conditions that can increase
the risk for collisions with power lines
include:

e Land uses
* Weather conditions and visibility
° Sudden disturbances

The relative importance of these condi-
tions varies with location, season, species, and
different populations of the same species.

LAND USES
Land uses, such as conservation, recreational,
residential, agricultural, and industrial, have

@ N
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habitats and management practices that and Habitat Use on page 44). Although a pro-
can attract or discourage bird use. Collision posed power line route may not be able to
risk depends on the location of power lines avoid such conservation areas, managers need
within these areas and the bird species that to be aware of the potential risks so they may
are drawn to them. be minimized (see Chapter 5).

Conservation and Nature-Based Residential and Urban Recreation Lands
Recreation Lands Residential and urban recreation lands vary

Conservation areas and wildlife refuges vary
greatly in size and habitat type and are often
managed for specific types of wildlife and/or
nature-based recreation uses. Many conserva-
tion lands have distribution lines that supply

by

pond Walsh 20006). Generally, urban
i ds such as parks and golf cours-
within or between densely

their power needs and may also be crossed

transmission lines. These lines may prese

collision risk depending on the habt

vetlands that are used by various
birds. Distribution lines may be
ly plentiful in residential and recre-
for disturbing and flushing bs nal areas and can pose a collision risk,
power lines can be higher i

depending on the susceptibility of the species,
when situated in the flight patterns of birds.

Agricultural Lands

Agricultural fields and ponds can attract birds;
for example, grain crops are seasonally attrac-
tive to many flocking species such as cranes,
waterfowl, and blackbirds, along with rodents
that attract raptors. Because grain fields are
used only as feeding areas by these species,
they may be attractive when they are in close
proximity to nesting, roosting, or wintering
habitat. Agricultural fields, especially those
that are managed with burning or flooding or

have nearby wetlands, can also attract a vari-

S B . . . . .
o IR L S ety of bird species during staging and migra-

tion and may even result in shortstopping,

i.e., drawing birds to these attractive sites for
the winter rather than their historical winter-
ing sites (Viverette et al. 1996). Collision

problems may develop when birds must cross
power lines to make daily, low-altitude flights
between feeding areas and nesting or roosting

sites. See also Habitat and Habitar Use (page 44).
Industrial Lands

Industrial lands sometimes provide attractive
bird habitat. Gulls, vultures, crows, ravens, and

®®
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other scavengers often gather at landfills in
large numbers. Cooling ponds at electricity
generation facilities, municipal sewage ponds,
settling ponds at mines, and other industrial
water bodies can attract waterbirds, shorebirds,
and raptors. As with other types of land use,
the degree of hazard posed by power lines will
vary depending upon the proximity of the
lines to these avian-use areas (see Habitat and
Habitat Use on page 44). If bird collisions
become a problem, property managers may
be able to choose from a variety of options to
modify or discourage bird use of the area
(see Managing Surrounding Lands on page 58).

WEATHER CONDITIONS AND VISIBILITY
Weather conditions play a very importan
in both the visibility of power lines a

the behavior of birds in flight during

ith greater collision

i and h1gh wmd speeds

Shamoun- Baranes et al. (20006), and the
effect of weather on flight height and behav-
ior has been observed in many bird species
(Drewitt and Langston 2008; Newton 2008).
Weather and biological factors are often
interrelated and may affect flights within high
bird-use areas. The timing of daily flights may
subject certain species to adverse weather con-
ditions associated with collisions, such as fog
(Scott et al. 1972; Tacha et al. 1979) or wind
(Brown 1993). This is especially true in coastal
and low-lying areas that are frequently foggy
or windy. When possible, birds will avoid fly-

ing in heavy precipitation or fog. Problems
most often occur when birds unexpectedly
encounter these conditions. Storms or fog can
arise quickly and birds may collide with
power lines when attempting to leave feeding
areas for protected roosts (Wheeler 1966; Tacha
et al. 1979). In foul weather, birds may be
attracted to lighted areas on the ground

(Manville 20074 )?

)P 1f power lines are also

in or near thés€ areas they could be in the

eights. Some birds
dtrtude in high winds (Scott
{ el and Tombal 1991). Poor
onditionseZwet feathers, precipitation, high

" winds, wind gusts, and turbulence—also
). hamper birds’ ability to control flight and
further increase collision risk (Walkinshaw

¥1956; Avery et al. 1977; Willard et al. 1977;

Anderson 1978). In high-velocity winds,
birds may collide with other birds, buffeting
them into fully visible and familiar power
lines (Brown et al. 1987; Morkill and
Anderson 1991; Raevel and Tombal 1991;
Brown and Drewien 1995).

In the San Luis Valley, Colorado, collisions
occurred more frequently on days with winds
>24 km per hour (15 mi per hour) (Brown
and Drewein 1995). Collisions were also
more likely with tailwinds, which increase a
bird’s ground speed, than with headwinds,
which have the opposite effect (Savereno et al.
1996). Crowder (2000) reviewed older evi-
dence of power line collisions resulting from
stormy (Wheeler 1960), foggy (Tacha et al.
1979), or windy (Brown et al. 1987; Morkill
and Anderson 1991) conditions. These stud-
ies showed that wind, especially associated
with stormy weather, is an important contrib-
utor to collisions. It has been suggested that
birds, such as gulls, with a high aspect ratio
and low wing loading are more susceptible
to being blown into lines than other bird

®®



© JERRY LIGUORI

species without

(Bevanger 1998).

e initiation of migration

es et al. 2010). Songbirds
igration in favorable condi-
ay encounter inclement weather
he weather hazard may be wors-
en migratory birds respond to fog
and precipitation by decreasing their flight
altitude (Gauthreaux 1978a) or by attempt-
ing to land (Manville 2007a). In known or
historic staging, roosting, resting, feeding, or
stopover areas for migratory birds located in
immediate proximity to power lines, there
can be a substantial increase in collision risk,
especially when bird ingress or egress coin-
cides with inclement weather (Manville
2005a, 2009a). This effect is magnified
when flocks are very large, as with migrating
sandhill cranes in the Platte River area of

Nebraska (Murphy et al. 2009).
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The flight altitudes of migratory birds
can vary greatly and are strongly correlated
with winds aloft, air clarity, turbulence,
thermals, and weather, both day and night. In
particular, thunderstorms and low cloud ceiling
conditions are known to cause nocturnally
migrating songbirds to land or to fly at lower
altitudes that increase collision risk, particu-

72002; Kerlinger 2003). Various

imated that under nor-

rating songbirds fly at alti-

m (410 ft) or more above

el where they are not exposed to risk
1sion with power lines (Mabee and

soper 2002; Cooper 2004; Mabee 2004).

SUDDEN DISTURBANCES

Sudden disturbance can panic and flush
birds, especially flocks of birds, into nearby
power lines and has been well documented

as a contributing factor to collisions (Krapu
1974; Blokpoel and Hatch 1976; Anderson
1978; Brown et al. 1984; Archibald 1987).
Birds may be flushed by vehicles, trains,
pedestrians, aircraft, farm equipment, hazing,
hunters, predators, etc., along ROWs and
may collide with power lines in their effort
to escape (APLIC 2007). Crowder (2000)
reviewed older evidence of power line collisions
resulting from sudden disturbance of geese
by vehicles (Schroeder 1977) or airplanes
(Blokpoel and Hatch 1976). One such dis-
turbance resulted in a collision event with
mallards during Crowder’s (2000) field study.
Murphy et al. (2009) support the idea that
most sandhill crane collisions at Platte River,
Nebraska, occur when closely congregated
birds are flushed after dark. In Washington,
roosting American white pelicans collided with
an adjacent distribution line when flushed
during the night by a passing train, even
though line marking devices were installed

(S. Liguori, PacifiCorp, pers. comm.).



ENGINEERING
ASPECTS
INFLUENCING
AVIAN
COLLISION RISKS

The following engineering aspects can influ-
ence the risk of collisions with power lines:

* Diameter of lines (shield wires versus
phase conductors)

* Line placement (proximity to avian habitar)

* Line orientation (relative to biological and
environmental factors)

* Line configuration (aligned vertically or
horizontally and the number of lines)

e Structure type (guyed versus self-supporting)

e Lighting (steady burning versus blinking)

DIAMETER OF LINES
The smaller diameter of transmission line

shield wires compared to phase conductors,
influences the risk of collisions, with sh
wires being the lines most often invol

(Scott et al. 1972; Willard et al. 19

centimeters [0.4 to 0.5
phase conductors (2 Sto

cutral wire, which is at the

ductors ndidin
same level or below the phase conductors.
Though it is not absolute, most birds gain
altitude to avoid an obvious line, which implies
that neutral lines are less likely to be involved
in collisions.

LINE PLACEMENT

The proximity of power lines to bird take-off
and landing areas can affect collision risk (Lee
1978; Thompson 1978; Faanes 1987), but

no specific setback distance has been found

in the literature. Brown et al. (1984, 1987)

‘examples af risk and reduced risk situations.

found that no sandhill crane or waterfowl
collisions occurred where distances from
power lines to bird-use areas were 21.6 km
(I mi). Faanes (1987) found that collision
rates dropped off dramatically after 400 m
(L1,312 ft). Faanes (1987) stated that “among
the sites I examined, power lines situated 400 m
(1,312 ft) or more from the edge of the water
generally had laf§et observed mortality than
sites where ,j-x}' line was within this dis-
' c“ff-"d I11) found no bird

that were situated

LINE ORIENTATION

OOrientation of power lines relative to biologi-

cal characteristics (e.g., flight behavior, season,
habitat, and habitat use) and environmental
conditions (e.g., topographical features and
weather patterns) can influence collision risk.
When planning power line routes, features
that are traditional flight corridors, such as
mountain ridges, river valleys, and shorelines,
should be considered (Colson and Yeoman
1978; Faanes 1987). Power lines that parallel
primary bird flight paths pose less risk than a
perpendicular orientation (Crowder 2000;
Scott et al. 1972; McNeil et al. 1985). For
example, the perpendicular orientation of a
line relative to a topographical feature poses
a greater collision risk to local and migrating
birds than a parallel orientation (see Figure
4.19).

Lines that are at or below the height of
nearby trees rarely present a problem to small
tree-dwelling birds because of their maneu-
verability; furthermore, large birds will gain
altitude to fly over the tree line and conse-
quently avoid the power line (Thompson
1978; Raevel and Tombal 1991). For example,
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