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ABSTRACT

Avian mortality associated with power lines hasrbagersistent problem since power
line development. | studied raptor electrocutiongistribution (< 69kV) lines in
southeast Alberta, Canada from 2003 — 2004. | exathspecies, sex, and age most
affected, mortality rates of pole configurationsa®enging pressure, and species’ pole
use. Over six weeks, six confirmed and 14 uncomdralectrocutions were documented
beneath 379 poles during field surveys. When atlence was considered, three-phase
transformers and single-phase double deadendsresgensible for significantly more
mortality than other structures. Utility reportscdonented 35 great horned owl and 18
red-tailed hawk electrocutions; most were adults females. Three-phase transformers
and riser structures were most lethal. Scavengensved almost half of experimental
carcasses within seven days. Based on this infavmdtestimate total loss to
electrocution within the 13 400Kmstudy area to be 542 - 2762 raptors over a 6-week

period in summer.
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Chapter 1: Introduction

1.1. Raptors in the Ecosystem

Raptor, (or bird of prey), is the collective terar hawks, eagles, falcons, kites, vultures
and owls. During medieval times and for centuriefte, raptors, particularly falconry
birds, were held in high regard. However, in latenturies and well into the 1900s, these
birds were increasingly considered vermin, paréidylthose known for the depredation
of game species and domestic farm animals. Thesctdpersecution was encouraged by
the United States government as late as the 19M@lson and Nelson 1976), and in
many provinces in Canada until the 1950’s (Gordonr€2005, personal
communication). However, the general attitude talsahese predators has changed over
the past several decades. Thanks to the work oy ii@togists and conservationists, the
largely unfounded prejudice towards raptors has beplaced by sound science that has
highlighted the value of these birds in ecosystboth as predators and as indicators of

ecosystem health.

Most species of raptors occupy the highest trof@viel within food webs and thus often
play an integral role in maintaining the balancd ambility of lower trophic levels.
Humans have come to realize the importance of rajcahe ecosystem, for instance in
agricultural systems, where rodent control by replinits damage to crops as well as
the spread of disease (Bosakowski and Smith 2002).

Because birds of prey are highly visible and oftetl studied, they are frequently the
first to signal environmental problems caused RQyitad degradation or pollutants. At the
top of the food chain, they are vulnerable to boogculation of heavy metals, pesticides,
or other pollutants. An excellent illustration bf¢ phenomenon was the devastating
effect of DDT (dichlorodiphenyltrichloroethane) captors following widespread
application of this pesticide after the Second \Wdkar. Scientists soon observed a

dramatic decline in populations of many raptorstipalarly the peregrine falcoriFélco



peregrinug. Upon further investigation, they discovered i@di connection between
population declines and DDT use. Specifically, DRRE-dichloro-2, 2-bis (p-
chloroplienyl) ethylene], a metabolite of DDT, anmuiated in the fatty tissues of prey
species, and consequently falcons were exposdn toesticide through consumption of
these animals. Elevated levels of DDE in the tissafeadult falcons resulted in a thinning
of their eggshells, reproductive failure, and olldoav levels of reproductive success.
DDT was banned in the United States and Canadwitt270’s, and many populations of
peregrine falcons and other raptors have since aseabstantial recovery (Johnstone et
al. 1996).

1.2. Benefits of Power Lines

Power lines benefit raptors in many ways. The ohiition of utility poles into prairie
regions opened up a large area that was once utaalpport as many raptors because
of a lack of available trees from which to huntwieo poles not only provide hunting
perches, but they also provide structures on wtapkors nest, roost, and eat. In fact,
literature from the mid-1980’s even promotes usitility structures as a passive tool for

raptor conservation (Reinert 1984).

1.3. History of Raptor Electrocution

In addition to natural mortality sources such agdse and competition with

conspecifics, raptors have for many years expeegciman-caused mortality that has
accompanied industrialization. Such mortality irgs collisions with vehicles, direct or
indirect poisoning, loss of habitat for themseleeshat of their prey, direct persecution,
and mortality associated with power lines. Theelatihcompasses collisions with wires,

entanglement with insulators, and electrocution.



Electrocution occurs when a bird becomes a curcantying portion of the circuit by
spanning the distance between two energized compo(@ “phases”), resulting in a
phase-to-phase electrocution, or when it simultagslocontacts one energized
component and one grounded component, leadingphase-to-ground contact. Under
normal, dry conditions, contact is generally madenveen two fleshy parts of the body
including, but not limited to, wrists, feet, or theak. Under wet conditions, feathers may
make this contact. Electrocution typically occunslines less than 69kV (69 000v),
known as distribution lines; transmission linestharse greater than 69kV, rarely
electrocute raptors due to the increased cleardretesen energized components
(Boeker and Nickerson 1975). Unless otherwise ateid, “power lines” herein refer

solely to distribution lines.

The first record of avian mortality from power Igxdates back to the late 1800’s (Coues
1876), and at least one record of electrocutionwade as early as 1922 (Hallinan
1922). However, this source of mortality for bikfgorey was not fully realized until the
early 1970’s, when an investigation into the caudegeath for eagles in Wyoming and
Colorado led to the discovery of many carcassesdt@rpower lines (Olendorff et al.
1981). Since then, many partnerships have beehlissiiad between utility companies,
government agencies, conservation organizatiorsaaademic institutions in order to

discover ways to mitigate this problem.

Research on the issue is by no means limited td/tiieed States. Studies examining
raptor electrocution have been conducted in caesmitricluding, but not limited to,
Canada (Holland and Curtis 1997), Mexico (Manzarszter 2004), Italy (Sergio et. al
2004), Spain (Ferrer et al. 1991; Janss 2000; Jars§errer 2001), South Africa
(Kruger 2000), and Norway (Bevanger 1994). Since pphoblem has the potential to
occur wherever power lines and raptors co-exiss$, anly expected to intensify as less-

developed countries industrialize (Bevanger 1994).



1.4. Factors Influencing Electrocution

There is no single factor that determines whetheglactrocution event will occur.
Numerous contributing factors exist that are notually exclusive; they can operate
individually or collectively, and this leads to higariability in frequency of occurrence
of electrocutions both at local and landscape lsgales. They can be broadly classified
into environmental, technical and biological fastdEnvironmental factors include local
climatic conditions such as precipitation and wiaslwell as habitat characteristics
including land use practices and prey availabilligchnical factors are those related to
the engineering side of the issue, such as powergomfigurations and construction
materials. Biological factors include species, &g, and behavior, especially with
respect to seasonal activities. Technical factolidoe discussed in detail in Chapter 2,
while biological and environmental factors will beplored in depth in Chapter 3.

1.5. Sensitive Species

Mortality stemming from power lines can have sigriht negative effects on
populations of rare or endangered species. Moretivese effects are often additive to
the primary cause of population decline. For examible Spanish imperial eagksquila
adalberti), one of the world’s most endangered raptors, e&pees a loss of an estimated
1.3% of the adult population and 30% of the juvepibpulation to electrocution on an
annual basis (Janss and Ferrer 2001). In factjmidbfiana National Park, 69% of
Spanish imperial eagle deaths were the resulteatrecution (Ferrer et al. 1991).
Electrocution has been identified as a threateoetidemic and threatened Cape Griffon
vulture Gyps coprothergsn South Africa (Kruger 2000), as well as the amgered
Egyptian vulture lleophron percnopteriisn the western Palearctic (Nikolaus 1984;
Donazar et al. 2002). In North America, electromuthas proven to be a considerable
challenge to the reintroduction program of the eggaed California condoGymnogyps
californianus)(Snyder and Snyder 2000; Sorenson et al. 200@prme cases this source

of mortality is the leading cause of death for ecsps: after reviewing multiple published



studies, Sergio et al. (2004) discovered that eleation was cited as the primary cause
of mortality of the eagle owBubo bub®, a species of vulnerable conservation status, in
68% of the studies. Furthermore, electrocutionihagased for this species over the past
30 years (Sergio et al. 2004). Electrocution wase dbcumented as the primary cause of
mortality for bald eagleHaliaeetus leucocephalpug one study in western Canada
(Wayland et. al. 2003).

Under the provincial Wildlife Act, the ferruginobsawk Buteo regalisand peregrine
falcon are listed as legally Threatened Specia$tlaa prairie falcorfFalco mexicanus)
is listed as a Species of Special Concern (Al®ustainable Resource Development
2003). Van Horne (1993) noted that ferruginous hafsquently use power poles when
hunting, and that they utilize oilfields (which lea& high density of transformer
structures that service oil wells) significantly mahan expected, based on their
observed use compared to that of Swainson’s haBikie¢ swainsoi red-tailed hawks
(Buteo jamaicensjsand northern harrier€{rcus cyaneus Indeed, interaction with and
subsequent mortality from power lines has been dadlmented for the ferruginous
hawk, peregrine falcon and prairie falcon in otparts of the world (Benson 1981,
Harness 1997; Kruger 2000; Liguori 2003).

1.6. Legislation Regarding Raptors

The Migratory Birds Convention, which was signetiheen the United States and
Canada in 1916, enabled both countries to enaisidtign to protect most species of
birds that migrated between the two countries (Bish and Wildlife Service 2002). This
led to the Migratory Birds Convention Act (MBCA) @917 in Canada (Environment
Canada 2002) and its counterpart, the Migratord Bireaty Act (MBTA) of 1918 in the
U.S. (U.S. Fish and Wildlife Service 2002). Despiite fact that raptors are currently
afforded protection under the MBTA, there existssnoh protection for raptors under the
MBCA because these birds were still consideredspegisits inception. Nevertheless,

attitudes have changed, and raptors have sincegvaeted protection under provincial



and territorial legislation. In Alberta, this prot®mn is under the Wildlife Act of 1984

(Alberta Sustainable Resource Development 2002).

The Alberta Wildlife Act has penalties for destioatof raptors similar to those of the
MTBA in the United States. A corporation could facéne up to $100 000 and
individual imprisonment up to two years for a vidda of the act (Alberta Sustainable
Resource Development 2005). Although raptors doeddd this legal protection, only
rarely would such an extreme measure be necedsarguch a scenario has occurred in
the United States. In an unprecedented case, tlom Make Electrical Association
(MLEA), was charged in 1999 under the MBTA and Bad and Golden Eagle
Protection Act for electrocuting numerous eaglesylks, and an owl on their lines over a
three-year period. The company had been repeatedlyed to retrofit dangerous
structures but failed to sufficiently act; in adiit to having to retrofit all dangerous
structures and hire a consultant to oversee am @viection plan, they were ordered to
pay $50 000 in fines and $50 000 to a raptor cvagien organization (Melcher and
Suazo 1999).

Nonetheless, charges against utilities are seldmassary; most companies recognize
the problem and have programs in place to deal mpkor electrocutions. These
programs can fall anywhere on the spectrum frommahreactive measures such as
retrofitting poles that have already killed birtts proactively retrofitting potentially
dangerous poles while incorporating raptor protecinto new designs, commissioning
research to determine specific details of the mwbland instituting ongoing monitoring

programs to assess the effectiveness of these nresasu

1.7. Issues Beyond Conservation

Issues associated with electrocution go far beybatof raptor conservation. In a survey
of 560 American utilities, “wildlife” was cited ake third leading identifiable cause of

power outages, and birds comprised the largesoptiop of those outages (Southern



Engineering Company 1996). Within its service anealberta, ATCO Electric
conservatively estimates that 12% of annual outageshe result of avian activity;
however, birds are also likely responsible for mahthe outages categorized as
“unknown”, which represent an additional 15% ofamgés each year (Brian Harris 2004,
personal communication). Estimates of the codteégoower industry for bird-related
outages were unavailable for Alberta, however erthighboring province of British
Columbia, the 2500-3000 annual wildlife-relatedamés cost utilities approximately $2
million for repairs each year (Canadian ElectriédMgsociation 2004). In California,
annual economic losses of almost $1 billion ensomn favian-related power outages
(Hunting 2002). Such power loss can lead to sukiatdost revenue not only to the

utility itself, but also for the commercial indusis that it serves.

Costs of avian interaction with power lines arenbymeans limited to economic costs.
Compromised system reliability leads to customssalisfaction, and public awareness
of power lines causing avian mortality can leadégative publicity. It can also have
impacts beyond the realm of power interruptionsluly of 2004, a 6 000 acre grassfire
caused by the carcass of an electrocuted red-tfadedt forced the evacuation of 1600
homes in San Clarita, California (CNN 2004).

1.8. Justification and Research Objectives

The impact of electrocution on raptors in Albedainknown. Results from elsewhere in
North America or globally cannot necessarily beaxtlated to Alberta for a number of
reasons. First, from a biological perspective, gaplical variation occurs with respect to
species composition, population densities and iieveach species undertake (breeding,
migration, overwintering, etc). Secondly, landscageables such as topography,
vegetation, presence of water bodies, and extemiimian development can vary among
regions. Third, the proportion and characterisbicgower poles employed varies within
and among utilities around the world due to difigrconsumer needs and electricity

demand, materials available for construction, amibnal construction standards.



Finally, local climatic factors such as the amooinprecipitation, seasonal temperature
extremes, and wind speed and direction can sulstgmary. All of these factors

influence the rate of electrocution mortality tleach region may experience.

Despite the plethora of research that has surfsicee the early 1970’s, mortality rate
estimates for various pole designs are largely aifee in the literature, and many
studies are inherently biased in data collectiogh(han 2004). Additionally, a need
exists for a study that compares the estimatedatityrtate with that reported by utility
companies (Harness 1997). This study aims to asldi@se of these shortcomings

existing in the literature for Alberta.

The objectives of this research project were tadétify the structures that pose the
largest electrocution threat to raptors within ATE(@ctric’s distribution system, (2)
determine which species, age and sex of raptomnase affected by this form of
mortality, (3) describe the discrepancy betweeratttaal number of raptors lost to
electrocution and losses reported by the utildy,describe how raptors in the study area

utilize power poles, and (5) obtain an estimatmoftality spanning the entire study area.

1.9. Thesis Overview

| studied raptor electrocution on distribution powees in southeastern Alberta over the
period of April 2003 — December 2004. Chapter Zdbss fieldwork conducted during
the summer of 2003 to address objectives (1) andlqdve. | analyze evidence of
electrocution beneath various configurations of @opoles and obtain an estimate of
total mortality spanning the entire study area.[@#a3 examines electrocution mortality
as reported by the utility between April 2003 aretBmber 2004, and it addresses
objectives (1) and (2). Chapter 4 is based on smp@htary data collected during the
fieldwork and provides insight into objective (#nhe final chapter ties findings from

previous chapters together and in so doing, adelsesigjective (3). It concludes with a



discussion of these findings in a management cofdexXATCO Electric’s distribution

system.
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Chapter 2: Patterns of electrocution across powerge configurations as

discovered during electrocution evidence surveys

2.1. Introduction

Raptors use power poles for a variety of purpaselsiding hunting, resting, feeding,
nesting, and establishing territorial boundarieBI(AC 1996). The combination of their
frequent use and inadequate spacing of energizagauoents creates an opportunity for
electrocution to occur. As mentioned in Chaptdhé&,configuration of a power pole and
its associated construction materials are two fadtdluencing probability of
electrocution, and can be classified as technazbfs. These are discussed in more

detail here.

Configurations of power structures are extremelyalde and are influenced by line
voltage, type of consumer use, electricity demandstruction materials available, and
national or company construction standards. Nunsestudies have identified the types
of structures that are most lethal to raptors mous parts of the world. Regardless of
single-phase or three-phase configuration, powactires that are often responsible for
a disproportionately high number of electrocutiordude those with transformers,
jumper wires, and other protective equipment (Odeficet al. 1981; O'Neil 1988;
Bevanger 1994; Harness 1997; Olson 2000; LiguddB2Q deadends (structures at the
end of a line) (Harness 1997; Harness 2000b); andtares with ground wires leading
to the top of the pole (Boeker and Nickerson 1@endorff et al. 1981). Because of the
large amount of hardware and connecting wiresttiese configurations support, they
generally lack adequate clearance space necessargvient electrocution. Conversely,
tangent structures, which lack any pole-mountedpegent, are usually responsible for a
disproportionately small share of mortality (Hamé&897; Harness 2000b) and are
generally considered safe for all but the largésaptors. Finally, customer service poles
(herein, “service poles”), which carry electricitpm transformers to homes and
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businesses at low voltages (< 1000v), are geneanaliyliscussed in the literature but are
somewhat similar in structure to single-phase deadg®les.

In North America, most crossarms and the poles loiciwthey rest are made of wood,
which is non-conductive when dry. More conductivatenials such as steel or concrete
(which is reinforced with rebar (Harness 2000aj, rmore commonly used in Europe
and can be more dangerous, especially for smalhadium-sized birds (Janss and
Ferrer 1999; Janss 2000).

2.1.1. Outages and Reporting Systems

Raptor electrocutions often result in a loss of epoWwVhen this occurs, utility service
crews typically visit the site to locate the blofuse, repair the damage, and investigate
the cause of the outage (or fault). This is usuatiyomplished by patrolling the line in a
vehicle. Protocol varies widely among utilities aeging the amount of detail collected
on the incident; at a minimum, the fact that a loidsed a service interruption is usually

reported.

Despite this reporting system, electrocution mdytahay go underreported for three
reasons: first, during a temporary fault, manyrthstion lines automatically deploy a
system called “three shot reclosing”, where the imill attempt to re-energize itself three
times (Robert Rose 2005, personal communicatibsjdcessful, it eliminates the need
for service crews to manually reset the line, tiessite is not investigated for the cause
of the fault. Second, some carcasses may simplngoticed during power outage
investigations. Service crews patrolling the liyeviehicle may miss carcasses obscured
by vegetation or they may concentrate more sedfott around what they consider to be
more lethal poles, inadvertently missing carcabse®ath structures considered less
dangerous. Finally, and arguably most importamibt,all electrocutions result in a
power outage (APLIC 1996; Harness and Wilson 19@8fact, research by Dwyer
(2004) indicated that more than 90% of Harris’ hg®&rabuteo unicinctys
electrocutions were not associated with power agaBecause of this potential for

14



under-reporting, utility records alone may not pdeva reliable estimate of true
mortality. Field surveys are a critical componeitesearch projects that aim to obtain an

accurate picture of electrocution mortality on dwedscape.

Estimates of the true severity of electrocutionywaidely in the literature. Difficulty in
comparison among regions and years is compoundé#uelack of a standardized
method of comparing results; study designs andctibgs are as variable as the regions
from which the results originate. Despite thisuissfrom other studies provide some
indication of the size of the problem. In a stuggrsning six western states, 400 raptor
carcasses were found along a total of approximdi@2ykm of line over 22 months of
sampling between 1977 and 1979 (Benson 1981). iFetred. (1991) estimated an annual
loss of 1200 raptors to electrocution on the 300dkimower structures in and around
Dofiana National Park in Spain. More recently, Dw{€04) confirmed 150 raptor
deaths due to electrocution in a 1000’ kiban environment over a 20-month period.
Clearly, electrocution is a substantial sourceaptor mortality and may affect local

populations.

2.1.2. Scavenging Pressure

The abovementioned estimates of mortality wereinbthby systematically patrolling
sections of power lines to count the number ofasses discovered beneath structures.
With any such investigation, a period inevitablysex between an electrocution
occurring and the time at which an investigatocolers it. In that time there is potential
for a scavenger to discover and remove the caf€deadorff et al. 1981), thereby
reducing the estimate of mortality and potentiaihderestimating the impact of
electrocution. Scavengers may even learn to rdytpegrol lines in search of such power
line victims (Bevanger et al. 1994). Therefore, wh@ attempt is being made to quantify

mortality due to electrocution, one must accounttiés factor.
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Within the southeastern portion of Alberta, manyeptial facultative scavengers exist,

and are outlined in Table 2.1. The only obligateveniger occurring in this area is the

turkey vulture Cathartes aura

Table 2.1 Potential facultative scavengers in the study ar

Common Name

Scientific Name

Mammals

American badger
coyote

least weasel
long-tailed weasel
red fox

skunk

domestic dog
domestic cat

Taxidea taxus
Canis latrans

Mustela nivalis
Mustela frenata
Vulpes vulpes
Mephitis mephitis
Canis familiaris
Felis catus

Raptorial birds

bald eagle
golden eagle

broad-winged hawk
ferruginous hawk
great horned owl
long-eared owl
northern harrier
red-tailed hawk
rough-legged hawk
short-eared owl
snowy owl
Swainson’s hawk

Haliaeetus leucocephalus
Aquila chrysaetos

Buteo platypterus
Buteo regalis
Bubo virginianus
Asio otus

Circus cyaneus
Buteo jamaicensis
Buteo lagopus
Asio flammeus
Nyctea scandiaca
Buteo swainsoni

Non-raptorial birds

American crow
black-billed magpie
common raven

Corvus brachyrhynchos
Pica pica
Corvus corax

This scavenging factor, commonly known as the reahbias, must be quantified to

avoid underestimating total mortality. It is onefofir potential biases outlined by

Beaulaurier (1981) as factors that must be adddesken conducting dead bird searches
beneath power lines. The others include detectias, habitat bias, and crippling bias.
Detection (or search) bias results from the ingbdf searchers to locate carcasses. It is
influenced by terrain, target species, vegetatmmpmosition, and the experience of the

investigator. Habitat bias occurs because portdiierrain are not searchable because of
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thick vegetation or presence of water bodies. dingpbias results from birds falling
outside of the predetermined search radius (Beaalal©81).

This portion of the research project attempts tangifly the rate of raptor electrocutions
beyond that which is reported by the utility. Thesmuld theoretically include carcasses
that were either not discovered during outage itigatons, or those events that did not
cause a power outage. Records reported by thgywtidire analyzed separately in
Chapter 3.

2.1.3. Research Objectives

The objectives for this component of the researetevas follows: 1) determine the
proportion of mortality at each structure typetagliates to its abundance on the
landscape, 2) quantify the effect of scavengingguee on the ability to recover
electrocuted birds, 3) calculate the estimatedofiteon-reported raptor electrocution per
legal survey section (2.59 Kjrover 6 weeks in the breeding season, and 4)motei

total estimate of non-reported raptor electrocutrartality across the study area after the

loss to scavengers is taken into account.

| predicted that electrocution rates would be highan expected on transformer
structures, deadends, and poles with lightningséors, cutouts (or fuses) or jumper
wires. | predicted electrocution rates to be lotha@n expected on tangent structures. |
did not have a prediction on service poles beforaraencing the surveys. Detailed
descriptions and photos of the abovementionedtsires can be found in Table 2.2 and

Appendix A, respectively.
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2.2. Methods

2.2.1. Study Area

This study was conducted in the southeastern poatiche province of Alberta within
ATCO Electric’s service area (Figure 2.1). Thisioegwas one of two in the province
identified by the utility as having an unusuallghioccurrence of avian-related system
outages. Within the approximately 13 40Gstudy area, three sampling sites were

established, one in each of the utility’s serviwritts of Stettler, Forestburg, and

Consort. The three sampling sites spanned as fsil6&707’ to 52°18’N latitude and
112°07' to 112°47'W longitude (Stettler), 52°28'%@°29'N latitude and 111°21’ to
111°34'W longitude (Forestburg), and 52°06’ to 82N latitude and 110°26’ to
110°36’'W longitude (Consort).

Edmontan m

Red Deer m ‘

u
Calgary

Study Area

Figure 2.1. Study Area Map
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Little variability exists within these three sitegth respect to the composition of the
landscape. They are situated within the Parklagabreof the province, which is
classified as a mosaic of aspen woodlands andgma@ssland (Moss 1994). Except for
the occasional woodlot and a few uncultivated pastdittle of the natural vegetation
exists today. Now considered oilfields, these tlaesas consist of a high density of oil
and gas well sites and processing batteries swtsaly agricultural developments,
including cereal crops and small livestock operatidrhe topography is of the larger
study area is relatively flat with a few gentlyliad hills and some small natural water
bodies. Mean daily temperatures in the region rdrgye -14°C in January to +17.9°C in
July with an average annual precipitation of 429w (&nvironment Canada 2002).
Elevation fluctuates between 600-900m a.s.|. (M®&84).

Power lines investigated in this project were ledito single- and three-phase
distribution lines. ATCO Electric (herein, the u) is Alberta’s major provincial

electric power company, covering nearly two-thiofishe province and operating almost
68 000 km of distribution lines (ATCO Electric 2005ingle-phase lines operate at
7.2kV and 14.4kV, while three-phase lines opera@4kV.

2.2.2. Site Selection

Western Canada employs the Range and TownshipSystem, which essentially
spatially divides the province into six-mile (9.l6&) wide “ranges” that run east to west,
and six-mile (9.66 km) “township strips” that ruoush to north. Each range and
township is assigned a sequential number begiratitige east and south borders of the
province, respectively. This grid results in sixartdy six-mile squares called
“townships”. Townships are further divided into emée by one-mile (2.59kR)
“sections”, which are the key unit of the townskystem. For the remainder of this

document, the term “section” refers to the abovendmn.

Wildlife-related power outage reports for the thseevice areas for the years 2000-2002
were obtained from the utility. Unfortunately, thescriptive records were vague, with all
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wildlife-related outages classified as “bird/anifnals there was no previous requirement
for reporting species involved. In the event thatibty serviceman voluntarily identified
the species as a non-raptor, the record was eliedn®utages were then tallied by

sections to identify “hotspots” on the landscape.

2.2.3. Electrocution Evidence Surveys

This portion of the research was conducted Junagust 2003. Prior to fieldwork, |
broadly classified poles into two categories: “d@ir “complex”. Simple poles
referred to single- or three-phase tangent strastlacking additional hardware, which,
when dry, are generally considered to be amongadfer configurations for non-eagle
birds of prey (Harness 1997). These structureslgingry electricity along the line and
do not perform any other function. Complex poleduded every other configuration of
pole that had additional hardware such as lightamgstors, transformers, cutouts, and
jumper wires. Lightning arrestors and cutouts are{mounted devices that protect
equipment from sudden surges of electricity, suctviaen lightning strikes the system or
trees fall onto conductors. Transformers step dthenvoltage for private or commercial
electricity use. Jumper wires make electrical catinas between various pieces of
equipment, such as transformers to the energizeduotors or to connect a tap line to

the main line.

As each pole in the study area was encounterehdom number table was consulted to
determine if it should be sampled. However, singbtactures are by far the most
numerous on the landscape, and to minimize the lgagrgffort on “safe” structures,
each simple pole had only a 10% likelihood of besagpled while each complex pole

encountered had a 50% chance.

Each pole was surveyed twice, with an average afa43 (approximately 6 weeks)
between the first and second surveys. At each gdale, were collected on the placement
of energized conductors, cutouts, lightning armssomper wires, ground wires and

transformers. Information was also gathered onsznws material, placement of guy
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wires, and whether the structure had any existirdyfgrotection. The location
(latitude/longitude) of the structure was recordsohg a Garmin 12XL Global
Positioning System unit. The 10m radius surroundiach pole was searched for
evidence of electrocution (Janss 2000). Duringsmond survey, grasses or crops at
some poles had grown considerably since the firstk, while some poles had the
opposite effect, with vegetation much shorter thanng the initial survey if grasses or
crops had been recently cut or grazed. To courtarba the effect of thicker vegetation
on some poles, the radius was searched more wtégtivalking slower and gently

sweeping the vegetation to the side.

Any carcasses, bones, or feathers found were tetlend labeled. The following
information was recorded (if known): species, ag, nature of physical damage to
carcass, location of evidence with respect to tle,@and any damage done to the
structure. Evidence that could not be identifiecsii@ was frozen and later brought into a
provincial government laboratory for further idéication. An attempt was made to
confirm the cause of death; presence of burnt &atbr burn marks elsewhere on the
carcasses was presumed electrocuted. If remassagitor were found below a pole but
cause of death could not be determined, electmtwiuld not be ruled out and the
evidence was recorded as “unconfirmed”. All remd&msd during the first check were
removed to prevent double counting on the subseqish It is important to reiterate
that remains found beneath poles were those tha&t mat detected by the power
company. Service crews were collecting every carb@snd during outage investigations
as a separate component of this research (for mfmmenation, see Chapter 3).

2.2.4. Scavenger Assessment

This portion of the research was conducted simatiasly with the electrocution
evidence surveys. In order to account for the aatehich scavengers could potentially
remove raptor carcasses before | had the oppoyttondiscover it, a scavenging
assessment was conducted. The carcasses of 5 kiigld Single Comb White
Leghorn chickensGallus domesticyswvere obtained from the University of Alberta.
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Each carcass was deposited within 1.5m of the 5@ power poles in the Stettler
sampling area. Poles were randomly chosen amorsg thith suspected large mammal
burrows within the 10m radius (n=21), and thosdaiit (n=29). Fewer poles with large
mammal burrows were selected for the assessmanthibae lacking these burrows

because of the relatively lower occurrence of tdrener in sampling areas.

The carcasses were assessed daily for seven ctimeatays and weekly or every

second week for six weeks thereafter to deternfieeektent to which the carcasses were
scavenged. Carcasses were considered removed @gsethan 5% of the carcass was
detectable within the 10m radius of the base opthle. A 10m radius was chosen to be
consistent with the area that would normally hagerbsearched in an electrocution
survey. The <5% of the carcass remaining was etdohes the point at which the carcass
may not have been interpreted as being an elec¢ibocuctim during regular patrols, and
is more conservative than the 10% suggested byrigevaet. al. (1994).

2.2.5. Power Pole Inventory

In order to generate an estimate of raptor moyt#at extends beyond the sampling sites
to include the larger study area, the density ofous configurations both within the
oilfields as well as the surrounding rural linesswecessary. This information was not
available from the utility so an inventory of alfusctures encountered during the
electrocution evidence surveys, including any paletssampled, was undertaken in
October 2004.

The study area itself contains oilfields that exhabhigh density of power poles (herein
“oilfield sections”), as well as non-oilfield, rdrareas that contain a relatively lower
density of poles (herein “rural sections”). Durithg selection of sections to sample in
the electrocution evidence surveys, the 2000-2@@2ge data primarily identified the
oilfield areas as problematic with respect to awdaractions. Consequently, rural areas

were not as heavily sampled during these survegsiting in fewer of these sections
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available for the inventory. To compensate for,te@ne additional randomly chosen
rural sections were inventoried to augment thahefsampled areas.

Despite the fact that most utility companies utilthe same general designs of power
poles, there is no universal classification systentategorizing them. Many
modifications exist with respect to spatial segaradf equipment and materials used in
construction, depending on several factors inclgidircation of poles, customer need,
population density, and climatic conditions of tegion. For the purpose of this research
project, | created a classification system of ATEWctric’s distribution power poles,
based on that of Harness (1997), which are outlinddble 2.2. In most cases, poles that
shared many characteristics with only minor modiiiens were categorized together for
the sake of limiting the number of categories foalgsis. Photos of most configurations

can be found in Appendix A.

In total, all distribution structures within 21 féld and 18 rural sections were
inventoried. The total number of poles within eaakegory (or type) were summed and
divided by the total number of sections inventotiedenerate an average number of
poles per category for both oilfield and rural gats (see Eqg. 2.5).

Table 2.2. Power pole configuration classification system &fTCO Electric’s structures

Configuration Code Description

1 PH Transformér 1XR One transformer, cutout, lightning arrestor and associategejuwires
mounted on a single PH pole

3 PH Transformer 3XR Either three transformers or a single three PH transformeitineme
cutouts and three lightning arrestors and associated jumpes wir
mounted on a 3 PH pole

1 PH Cutout 1FU One cutout (fuse) and jumper wire mounted on a single P& pol
3 PH Cutout 3FU Three cutouts and associated jumper wires mounted on a 3 @H pol
1 PH Deadend 1DE One energized wire terminating on suspended insulators ogla BiH

pole with associated jumper wires; some have a second, neutral wi
running parallel approximately 1.5-2.0m below energized wire

3 PH Deaderfd 3DE Three energized wires terminating on suspended insulators &fla 3
pole with associated jumper wires; some have a fourth, neuteal w
running parallel approximately 1.7m below energized wires

3 PH Modified 3DEM See 3DE but also has either two conductors on one side cfodsarm
Deadend or a directional change
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Table 2.2 (con’t). Power pole configuration classificationystem of ATCO Electric’s structures

Configuration Code Description

1 PH Corner 1CR Two single PH tangent structures intersecting (but not textinig) with
jumper wires connecting them

3 PH Corner 3CR Two- 3 PH tangent structures intersecting (but not ternmigatvith

jumper wires connecting them; most have two conductors oside®f
the lower crossarm, or some have a protruding metal brace songpbe
central conductor

1 PH Tangerit 1TG One energized wire supported on a pin-type insulator, moonted
single PH pole; some have a second, neutral wire running parallel
approximately 1.5-2.0m below energized wire; rarely, both véres
supported by a crossarm

3 PH Tangernit 3TG Three energized wires supported on pin-type insulators, edwmt a
3PH pole; some have a fourth, neutral wire running parallel
approximately 1.7m below energized wires

1 PH Recloser 1RC One electronic recloser, two lightning arrestors and associatgzbju
wires mounted on a single PH pole

3 PH Recloser 3RC Three electronic reclosers, multiple lightning arrestors andciaésd
jumper wires mounted on a 3 PH pole

1 PH Double 1DD Two single PH lines intersecting that each have one energized wire

Deadend terminating on suspended insulators and one jumper wire camnect
them

3 PH Double 3DD Two 3PH poles intersecting that each have three energized wires

Deadend terminating on suspended insulators; the two poles are conrmscied
series of jumper wires

1 PH Regulator 1RB One regulator bank mounted on a platform with associated gsjtch

Bank jumper wires, and lightning arrestors

3 PH Capacitor 3CB Three capacitors, cutouts and lightning arrestors mountedhvaeaPH

Bank pole

3 PH Overhead to 3UG Four wires (three energized, one neutral), three cutouts, thhdeitig

Underground arrestors and three stress cones mounted on 3 PH pole

Riser

3 Gang Switch 3GA Three switches mounted on a 3 PH tangent structure; jumpes wir
connect each switch to a primary wire

Service Poles SP Shorter, low voltage (<1kV), tapped off customer service padeslly

found immediately adjacent to 3XR structures

1PH = “phase”, or energized wire

%In some cases, deadend structures were later modified to cofimsi@sually resulted in pin-type insulators
mounted on the crossarm, with jumper wires making the coondatitween all insulators

® The description above of the 1TG and 3TG are of the typicgétdrstructures. Some modifications exist,
however, that could potentially make them more dangerous wrsapphese modifications pertain to both 1PH
and 3PH unless otherwise indicated (in parentheses): presengayfvire that leads to the pole top, presence
of a ground wire running up the side of the pole, a metakarm, the presence of a lower voltage Rural
Electrification Association (REA) line as a double circuit, a ¢geain the direction of the line, two parallel
crossarms instead of one (3PH), two insulators on onesitie crossarm (3PH), and a crossarm supporting
both neutral and energized wires (1PH)
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2.2.6. Statistical Analyses

When viewed from both temporal and spatial scabgstor electrocution is a relatively
rare event, resulting in a low probability of ocmuirce and thus making it comparable
against a random Poisson distribution. The follapamalyses were performed using
Microsoft Excel 2000 (Microsoft Corporation 1999).

Because one objective of this project was to predurcestimate of mortality as a
function of time, the electrocution evidence fouhating the first surveys were not
included in the analysis; those carcasses repexsémé mortality that occurred at a
structure at any time up until the point of theveyr

2.2.6.1. Electrocution evidence surveys

When attempting to determine the extent to whialowes power pole configurations
present a risk to raptors, it is important not ailyjuantify the number of kills recorded
at each configuration type, but also to factohia telative proportion those poles
represent on the landscape (Harness and Wilson) 200this case, | used the relative

proportion that each structure type representedl ¢iie poles sampled.

In order to address the question of whether othmtate of electrocution varies among
structure configurations, the observed frequenayaftality was compared to the
expected frequency. In order to do this, | firdtakated the probability of electrocution
() which, based on the number of carcasses recqvierddfined as the number of
raptors that should have been recovered at eachdodl pole sampled if each pole had
an equal likelihood of electrocuting a raptor. Tp@ameter was calculated using the

formula:

_ TOTALDEAD
H TOTALPOLES

where TOTALDEAD is the total number of electrocutegtors found during the second

survey and TOTALPOLES is the total number of disition power poles sampled
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during the second survey. From this value, the ebgaefrequency of electrocution for
each pole categoryj was calculated as follows:

A =u*POLES
where POLESIs the total number of poles of categosampled.

A Poisson distribution for each pole category wesnhtgenerated using the following
formula (Freund & Walpole 1987, p194):

X A=A

xp()="eI forx=0,1,2.... [Eq. 2.1]
X

Where x represents the Poisson random variableiiBr& Walpole 1987, p194), or in
this study, it represents number of electrocutgtora. Effectively, this created a
probability distribution of finding x carcasses bath each pole category and thus the
observed frequency of mortality at each pole categould then be tested against the

random Poisson distribution.

If the observed frequency of electrocution was Iothan its associated, the p-value

associated with the observation was calculated!bisnfs:

p( < x carcasses at pole category z p(x) + p(x-=1) +...+ p(0) [Eq. 2.2]

Similarly, if the observed frequency of electroontwas higher than its associaledthe

p-value associated with the observation was cékedlas follows:

p(= x carcasses at pole category Z p(x) + p(x+1) +...+ p(X + ) [Eq. 2.3]
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The above calculations are based on performingeaaited test. In the situations where
a two-tailed test was necessary (when a predietsoto whether the pole category would
electrocute more or fewer birds than expected wasnade prior to data collection), the
methods were identical to Equations 2.2 and 2.8 thie exception that the p-value was
doubled to make it a two-tailed test (Peter BI&85, personal communication).
Because of small sample sizes and also to be c@iser from a conservation
standpoint, the alpha value for these analysessetaat 0.10 to reduce the chances of
making a Type Il error, which can be far more gostlecological studies (Johnson
1999).

2.2.6.2. Scavenger assessment

The percentage of chicken carcasses remaining ltisgagainst time since the
carcasses were deposited to create a “carcassasmggncurve”. The area under this
curve was divided by the equivalent number of dayke scavenger assessment that
passed between the first and second electrocutidergce surveys. This represented the
average probability of a carcass remaining onasittwas used as the factor for

correcting the electrocution evidence surveys tmant for loss to scavengers.

2.2.6.3. Total mortality estimates across the staa

The estimates of mortality across the broad stues are based on evidence collected
during the electrocution surveys, corrected fos llmsscavengers using the calculated
average probability of a carcass remaining on $iés study area also includes the
ATCO Electric service district of Castor, as isituated between Stettler, Forestburg and
Consort. Including this area results in a mortadisyimate that spans a broad, continuous
area of the province. Detailed coordinates of ttoath study area can be found in Chapter
3.

Since most sampling was conducted in oilfield alméshe broader study area contains
both oilfield and rural areas, estimated propodiohthese respective areas were
necessary to estimate mortality beyond just thepgashareas. | generated these
proportions by ocular estimates of 1:40 000 an@® D@0 maps of the entire study area
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that were provided by ATCO Electric. The proporsaf oilfield and rural areas as well
as regions containing no power poles were estinfatethe 143 townships within the
study area. These proportions were then summed\ardged over the entire study area,
and converted into the equivalent number of towpssktiat each proportion represented
(see Appendix B for more detail). Calculating thertality rate at each individual pole of
each category and multiplying by the average nurmabpoles of each category found in
each density then provided total mortality estirmafgeas lacking poles were not
included in the calculations below; however, theyravstill taken into account when the
equivalent number of townships were calculated,thnd were incorporated into the
final mortality estimates. An example of the foliogy calculations can be found in
Appendix B.

These estimates are based on a series of caladatibere:
i = pole categoryj= area density category (oilfield or rural)

1. MRATE, = NODEAD [Eq. 2.4]
POLES

Where MRATE = mortality rate for each individual pole of a givcategory;
NO.DEAD:= number of electrocuted birds found at categpandPOLES= the total

number of poles of categorgampled.

INV,
2. AVG.DENS = —L [Eq. 2.5]
SEC

Where AVG.DEN$= the average density of poles of categamy the landscape jn
density category; INy= the total number of poles of categogounted during inventory
in all j-density categories; and SE€the number of sections inventoried in praensity

category.
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3. DEAD.SEG = AVG.DENS; * MRATE; [Eq. 2.6]

Where DEAD.SEg= estimated number of raptors killed on all struesuof category

perj-density section.

4. DEAD.TWP; = DEAD.SEG * 36 sections/township [Eq. 2.7]

Where DEAD.TWPij = estimated number of raptorsddllon all structures of categary

perj-density township.

5. DEAD.SA; = DEAD.TWR, * number of equivalentdensity townships in the
entire study area [Eq. 2.8]

Where DEAD.SA is the estimated number of raptors killed on poliesategoryi in the
equivalent number gtdensity townships (equivalent number of townsluigisulated as

in Appendix B) within the entire study area, and

2 15
6. TOTALDEAD= > > DEADSA [Eq. 2.9]

j=1 i=1

Where TOTAL.DEAD is the total estimated numberaydtors killed by electrocution on

all categories of poles over the entire study area.
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2.3. Results

2.3.1. Electrocution Evidence Surveys

During the course of this research, | sampled ead79 distribution power poles twice.
During the first survey at each pole, the partrat@mplete remains of nine raptors were
discovered, including two red-tailed hawks, twoagreorned owls, one golden eagle, and
five unidentified raptors. Only one raptor, a greatned owl, was confirmed

electrocuted. These data were not included in niad¢yaes.

During the second checks at each pole, the renshisig confirmed electrocuted raptors
were discovered. The remains of fourteen additicayatiors were found but were not
confirmed as electrocutions. Structures under wharcasses were found are listed in
Tables 2.3 and 2.4. Of the six confirmed electronis, three had existing bird protection

in the form of insulation on the transformer leades and/or bushing caps.

An additional 73 non-raptor carcasses were fountb(firmed electrocuted, 66
unconfirmed) over the course of the entire sampbegod including common raven,
sharp-tailed grous&'ympanuchus phasianellisorthern flicker Colaptes auratus
rock pigeon Columba livig, and many others that were not identifiable tecsgs due to
the small quantity of remains found. These nonenagpecies were not included in the
analyses. All data from the electrocution evidesiwereys can be found in Appendix D,
Table D1.

Table 2.3. Confirmed great horned
owl (GHOW) and red-tailed hawk
(RTHA) electrocutions and
associated structures. Categories as
described in Table 2.2 (n=6

Structure Species
3XR (1) GHOW
3XR (3) RTHA
3DEM (1) GHOW
3DD (1) RTHA
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Table 2.4 Unconfirmed electro-
cutions by species, and associated
structures. Categories as described
in Table 2.2 (n=14).

Structure Species
3XR (3) GHOW
3XR (3) RAPTOR
3DE (3) GHOW
3DE (1) RTHA
SP (1) GHOW
SP (1) RTHA
SP (1) RAPTOR
1DD (1) RAPTOR

The proportions of both confirmed and unconfirmbxt&ocutions were not consistent
with that which was expected based on the propodfcstructure types sampled. For
example, three-phase transformer structures rapexsé7% of confirmed
electrocutions, while only representing 30% of ploées sampled. Conversely, three-
phase tangents represent 15% of structures sarnplet confirmed electrocutions were

discovered beneath these structures (Figures 2.2.8i

No significant differences were noted in mortalid#ye among structure categories when
compared using solely confirmed electrocutions ([@&5). When the same comparison
was made using both confirmed and unconfirmed mlegtions combined, three-phase
transformers and single-phase double deadendsaaat#d significantly more raptors
than expected (p=0.085 and 0.051, respectivelyjevifree-phase tangents were
responsible for significantly fewer raptor electitons than was expected (p=0.049)
(Table 2.6).
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Figure 2.2. Proportion of confirmed electrocution mortality as afunction of the
proportional frequency of each category sampled (based on categoridsscribed in
Table 2.2) (n=379 poles; n=6 confirmed mortalities).
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Figure 2.3 Proportion of confirmed and unconfirmed electrocution mortality as
a function of the proportional frequency of each category sampletbased on
categories described in Table 2.2) (n=379 poles; n=20 confirmadd
unconfirmed mortalities).
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Table 2.5. Probability levels for nonrandom distribution d confirmed electrocution
fatalities (n=6) per structure type, and associated expected nurabof fatalities per
structure type. Expected numbers were generated based on the observed renof
mortalities. Data were tested agaist the Poisson distribution with p = probability of
making a Type 1 error for Hy: no difference in mortality rates among structures.
Tests were one-tailed unless denoted by (*), indicating a tatailed test. Categories
as described in Table 2.2.

Structure Number of poles Observed Expected
Type sampled Electrocutions  Electrocutions  p-value
1XR 6 0 0.095 0.909
3XR 114 4 1.805 0.110
1FU 8 0 0.127 0.881
3FU 25 0 0.396 0.673
1DE 3 0 0.063 0.939
3DE 70 0 1.108 0.330
3DEM 8 1 0.127 0.119
3CR 5 0 0.079 0.924
1TG 1 0 0.016 0.984
3TG 57 0 0.902 0.406
3RC 1 0 0.016 0.984
1DD 1 0 0.016 0.984
3DD 27 1 0.427 0.348
3UG 5 0 0.079 0.924
*SP 47 0 0.744 0.950

Table 2.6. Probability levels for nonrandom distribution d combined confirmed and
unconfirmed electrocution fatalities (n=20) per structure type, andassociated
expected number of fatalities per structure type. Expected numbers weregerated
based on the observed number of mortalities. Data were testedaagst the Poisson
distribution with p = probability of making a Type 1 error for H ¢: no difference in
mortality rates among structures. Tests were one-tailed unles&doted by (*),
indicating a two-tailed test. Bolding indicates significace. Categories as described in
Table 2.2

Structure Number of poles Observed Expected

Type sampled Electrocutions  Electrocutions  p-value
1XR 6 0 0.317 0.729
3XR 114 10 6.016 0.085
1FU 8 0 0.422 0.656
3FU 25 0 1.319 0.267
1DE 3 0 0.211 0.810
3DE 70 4 3.694 0.505

3DEM 8 1 0.422 0.344
3CR 5 0 0.264 0.768
1TG 1 0 0.053 0.949
3TG 57 0 3.008 0.049
3RC 1 0 0.053 0.949
1DD 1 1 0.053 0.051
3DD 27 1 1.423 0.828
3UG 5 0 0.264 0.768
*SP 47 3 2.480 0.902




2.3.2. Scavenger Assessment

Chicken carcasses were steadily removed for teedaven days, and slowly continued

to disappear until leveling off on day 35 (Figuréd)2By the seventh day, scavengers had
removed almost half (48%) of the carcasses. Coqsesd beneath poles with suspected
large mammal burrows were removed at a slightliefaste, as illustrated in Figure 2.5.

No attempt was made to determine which species iweodved in scavenging carcasses.

On average, 43 days elapsed between the firstenwhd surveys at each pole during
electrocution evidence surveys. Thirty-eight pet¢@f chickens) of the original
carcasses were still detectable (>5% remaining) 48 days; however, it is important to
note that all 50 carcasses had been heavily scadengd the 19 remaining on site were
reduced to skeletal remnants. The average probabila carcass remaining on site was
calculated as 47%. Assuming the loss rate of raqatrasses by scavengers is the same
as that for chicken carcasses, evidence found gltine second electrocution evidence
surveys were calculated to represent 47% of raptwtality that occurred since the first
round of checks. Data from the scavenging assesstaarbe found in Appendix D,
Table D2.
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Figure 2.4. Percentage of chicken carcasses remaining on site ufy taveeks
after being deposited (n=50). Carcasses were considered scavenged wess
than 5% was remaining
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Figure 2.5. Comparison of the rate at which carcasses were scavenged
at poles with and without suspected large mammal burrows (UB’s)
within a 10m radius of the pole (n=21 with LMB’s and =29 without
LMB’s).

2.3.3. Pole Inventory

Three-phase tangent structures and single-phagentastructures are by far the most
numerous in both the oilfield and rural areas, eefipely. In the latter case, they
constitute more than half of the structures onldhescape. The proportional frequencies
and average number of poles of each category imditfield and rural areas are shown
in Table 2.7. Gang Switch structures are very iratbe power system and were not

encountered in the 39 sample sections inventoried.

The mean number of poles per section was genebgtdividing the total number of
poles inventoried for each category by the totahber of sections of that density
sampled. For example, 12 single-phase transfori€R) poles were inventoried in 21
oilfield sections; therefore, the mean number dépper oilfield section is 0.571.
Inventory data can be found in Appendix D, Table D3

35



Table 2.7. Proportional frequencies of power poles on the lancaspe and the average number of
poles of each category per oilfield and rural sections. Structureseordered from most common to
least common within each section. Information is based orofe inventory (n=1254 and n=449 poles
in oilfield and rural sections, respectively).

OILFIELD RURAL
Structure Proportional Mean number | Structure Proportional Mean number
category frequency of poles/section| category frequency of poles/section
3TG 0.377 22.524 1TG 0.608 15.167
SP 0.159 9.524 1DE 0.100 2.500
3XR 0.152 9.095 3TG 0.098 2.445
3DE 0.128 7.619 1XR 0.078 1.944
3DD 0.043 2.571 SP 0.047 1.167
1TG 0.042 2.523 1FU 0.027 0.667
3FU 0.035 2.095 1DD 0.022 0.556
3UG 0.016 0.952 3FU 0.007 0.167
1DE 0.011 0.667 3XR 0.002 0.056
1IXR 0.010 0.571 3DEM 0.002 0.056
1FU 0.009 0.524 1CR 0.002 0.056
3DEM 0.008 0.476 1RC 0.002 0.056
3CR 0.006 0.333 3CB 0.002 0.056
1DD 0.002 0.143 3DD 0.002 0.056
1RB 0.001 0.048 3DE 0.000 0.000
3RC 0.001 0.048 3CR 0.000 0.000
1CR 0.000 0.000 3RC 0.000 0.000
1RC 0.000 0.000 1RB 0.000 0.000
3CB 0.000 0.000 3UG 0.000 0.000
3GA 0.000 0.000 3GA 0.000 0.000
TOTAL 1.000 59.714 TOTAL 1.000 24.945

2.3.4. Total Mortality Estimates

Tables 2.8 and 2.9 display the number of raptastedeutions found beneath each
category of structure corrected for scavengingqunes Minimum estimate values are
based on confirmed electrocution data, while maxmastimate values are based on the
combination of confirmed and unconfirmed electrams. As seen in Table 2.10, 542-
2762 raptors are estimated lost to electrocutichénentire study area over a six-week

period spanning June — August.
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Table 2.8. Total number of raptor electrocutions recovered in sampig areas during surveys, and
corrected for scavenging pressure (in parentheses). The latter is basgobn 47% of carcasses
recovered after 43 days during scavenging assessment. Also reporéed the associated minimum and
maximum mortality rates at each individual pole of each cateayy, and rates adjusted for scavenging
(in parentheses). Mortality rate is expressed as the number of réqrs killed per individual pol e in eact
category over a 6-week (43 day) period spanning June-August.

Confirmed and

Structure Confirmed unconfirmed Minimum Maximum
Category Electrocutions  electrocutions combined  mortality rate mortality rate
1XR 0 (0) 0 (0) 0 (0) 0 (0)
3XR 4 (8.5) 10 (21.3) 0.035 (0.075) 0.087 (0.187)
1FU 0 (0) 0 (0) 0 (0) 0 (0)
3FU 0 (0) 0 (0) 0 (0) 0 (0)
1DE 0 (0) 0 (0) 0 (0) 0 (0)
3DE 0 (0) 4 (8.5) 0 (0) 0.057 (0.122)
3DEM 1(2.2) 1(2.2) 0.125 (0.266) 0.125 (0.266)
3CR 0 (0) 0 (0) 0 (0) 0 (0)
1TG 0 (0) 0 (0) 0 (0) 0 (0)
3TG 0 (0) 0 (0) 0 (0) 0 (0)
3RC 0 (0) 0 (0) 0 (0) 0 (0)
1DD 0 (0) 1(2.1) 0 (0) 1.000 (2.13)
3DD 1(2.1) 1(2.1) 0.037 (0.097) 0.037 (0.079)
3UG 0 (0) 0 (0) 0 (0) 0 (0)
SP 0 (0) 3(6.4) 0 (0) 0.064 (0.136)

Table 2.9. Estimated range of raptor mortality within each gucture category
per section (2.59km) over a 6-week (43 day) period during June-August.
Estimates have accounted for scavenging pressure.

Structure Mortality rate for oilfield Mortality rate for rural
Category sections (min-max) sections (min-max)
1XR 0 0
3XR 0.68 -1.70 0-0.01
1FU 0 0
3FU 0 0
1DE 0 0
3DE 0-0.93 0
3CR 0 0
1TG 0 0
3TG 0 0
3RC 0 0
1DD 0-0.01 0-0.05
3DD 0.20-0.20 0.004 — 0.004
3DEM 0.13-0.13 0.01-0.01
3UG 0 0
SP 0-1.29 0-0.16
TOTAL 1.01 -4.26 0.02 -0.23
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Table 2.10. Total estimate of raptor mortality over entire staly area
(13 400 knf) including the ATCO Electric service districts of Stettler,
Castor, Consort and Forestburg over a 6-week (43 day) period
spanning June-August.

Structure Category  Minimum Estimate Maximum Estimate
1XR 0 0
3XR 324 811
1FU 0 0
3FU 0 0
1DE 0 0
3DE 0 423
3DEM 110 110
3CR 0 0
1TG 0 0
3TG 0 0
3RC 0 0
1DD* 0 160
3DD 108 108
3UG 0 0
SP 0 1150

TOTAL 542 2762

lthis value has been scaled down from the original. Because onefiumeal
body was found under the only 1DD sampled, this produd€i®® mortality
rate across the landscape, which is likely not an accurate reflettime o
mortality. Instead, the mortality rate at the three-phase vedfithat structure
(3DD) was substituted as the value in calcula

2.4. Discussion

2.4.1. Lethal Structures

When only data on confirmed raptor electrocutioeseranalyzed, no significant
differences were found in mortality rates amongepmnfigurations. This is not
surprising given that only six occurrences of esmition were confirmed. When
examined from the perspective of the percentagmlals where confirmed mortalities
were discovered (1.6%), these results were sligbtlier than a similar study reporting
2.0% of poles with confirmed mortalities (Liguo®@3). Nonetheless, three-phase
transformers and three-phase modified deadendigespa slight difference from

expected mortality rates, albeit not significant.
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Conversely, when the data collected on unconfireledtrocutions were included in the
analyses, three-phase transformer structures agbbgphase double deadends appeared
to be more lethal to raptors than was expectelil icdes had an equal chance of
electrocuting a raptor, while three-phase tangenttires electrocuted fewer raptors
than would be expected. These results were consistth predictions made prior to
collecting data. However, given that these conolusiwere drawn from data that were
not based solely on confirmed electrocutions, soawgion must be exercised in

interpreting these results.

Inherent to statistical testing is the fact thaaBmample sizes decrease the sensitivity of
a test (Townend 2003), because of the diminishpdaty detect a difference, if one
indeed exists. Although 379 power poles were stydieme poles occur less frequently
in oilfields, which resulted in inadequate repreéagan of those poles in the analyses.
For example, single-phase deadends and double n¢sdengle-phase tangents, three-
phase reclosers, and three-phase overhead to uwodedyisers were each represented by
five or fewer poles. This proved especially probdgimfor analyzing single-phase double
deadends, where an unconfirmed electrocution wsxodered under the only pole of that
category sampled. Consequently, the mortality f@téhat pole category was calculated
at 100%, thereby artificially inflating the true nality estimate. Instead, for the purpose
of the total mortality estimate, the mortality ratethe three-phase double deadends was

used.

It should be noted that structures classified ags®epoles are of much lower voltage
(often 480v) than most distribution structures, aftdn support insulated wires. This
voltage also falls far below the level found todaagerous to eagles with wet feathers
(Nelson 1980) and are generally considered rag@tfar-structures (APLIC 1996).
However, Nelson (1980) noted an eagle convulsé@@t during testing of skin-to-skin
contacts. Although unlikely, the potential may €% a larger reaction to the same
voltage from a smaller raptor such as an owl orlhaspecially on uninsulated service

poles.
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However, the more likely explanation for the evidemound beneath service poles is that
they are usually in close association with threasghtransformers, even within the 10m
radius of the latter in most circumstances. In scages, the random number table
dictated a service pole to be sampled, but nothtfee-phase transformer structure that
was within 10m of the service pole. Consequentisee-phase transformer structures
may have been responsible for some or all of theanes discovered beneath service

poles during the surveys.

2.4.2. Biases: Detection, Habitat and Crippling

As mentioned earlier, Beaulaurier (1981) recommdratgrecting the mortality estimate
for four biases: detection, removal, habitat, ampipting. Only removal bias was used as
a correction factor in this research. Since theary goal of the electrocution evidence
surveys was to assess the differences in mortaligs among structure configurations, it
was assumed that the searchers’ ability to detecasses would remain constant among
structure types; hence, accounting for detectias bhias deemed unnecessary with
respect to the primary goal. Furthermore, the motibperforming such a test was not
considered until the following summer season, bicvipoint only one searcher was
available.

The three sampling sites were relatively homogemotise flat, open terrain and the
amount of water found beneath the poles was seffily inconsequential to warrant a
separate investigation of habitat bias. Finallya@eaurier (1981) recommended testing
for the crippling bias within the context of deaddisearches for casualties of power line
collision, where presumably the radius in which birel might fall is substantially larger
given the velocity with which a bird is travelindghen it collides with a line. However,
while birds (especially prey species) that iniyiadlrvive a collision might be apt to move
out of the search zone to find cover, this is ki delss common in electrocution cases.
Since electrocuted raptors are typically found elwsthe base of a pole, | am confident

that the 10m radius searched during the electrmcsturveys is of sufficient size for
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finding an electrocuted raptor, and is substantialiger than that searched by others
(Pearson et al. 2000; Harness 2000b; Liguori 2008;er 2004).

2.4.3. Scavenger Assessment

The observed 62% total scavenging efficiency oweebks noted in this assessment was
somewhat lower than other reported values. Commatbgtween scavenging studies is
difficult since the species of experimental careasssed and the duration of each study
varies. Nonetheless, a review of multiple studiet measured carrion removal across
various regions and climates found that an avech@&% of available carcasses were
removed by vertebrate scavengers, however theidnsatf these studies varied from 24

hours to several months (DeVault et al. 2003).

Instead of viewing the results from a total scaveg@fficiency standpoint, it is likely
more appropriate to examine the data using theagegorobability of carcasses
remaining. The former method assumes that all@féptor remains recovered were
from birds electrocuted the day following the fickteck of the pole. The average
probability method incorporates birds that wouldédnbeen electrocuted at any point
between the first and second surveys. This studgesits that electrocuted raptors found
during the second survey of each pole likely regmées47% of the true number of raptors
electrocuted since the previous check (6 weekg)omparison, Ferrer et. al. (1991)
estimated that after one month, raptor carcasseseeed represented only 37% of total
raptors electrocuted during that time. Thus, tlevenging rate in this research was lower
than that particular study, however, as explair®m/a, direct comparisons between

studies are difficult.

Nonetheless, the scavenging assessment in thraglicates that casualties of
electrocution may be an important source of carfiorscavengers. Houston (1979)
remarked that carrion consumed by scavengersalyrdrat of a predator kill, since
predators are apt to consume their entire kilmorimally be fiercely protective of it. As

a consequence, obligate, and to a lesser degoestafive scavengers probably rely more
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heavily on mortality due to other causes such ssagie, exposure, malnutrition, or
accidents (DeVault et al. 2003). This reliance reyarticularly strong in more

northerly climates.

Caution should be used before extrapolating theestging pressure results beyond the
region in which this experiment took place. Mangtéais contribute to scavenger
efficiency including temperature, visibility andrdaty of carcass, carcass size, habitat
type and amount of vegetative cover (Balcomb 188®; et al. 1991; DeVault et al.
2003). Presumably, species composition of scavengeuld also influence their
efficiency: carrion consumption by highly territakiscavengers that do not roam large
distances would likely be minimal, as the chancinafing carrion is proportionately
related to distance traveled by the scavenger (Dk¢aal. 2003). Additionally, open
habitats, such as that where this experiment wdsrtaken, likely enable scavengers to
find baited carrion more readily. This would be espglly true of large raptors such as
red-tailed hawks and turkey vultures, that may loeensuccessful at locating carrion on
the wing, where their visual perception is moreetifze than in more structurally
complex habitats such as forests (DeVault et &1320Finally, the chicken carcasses
were white, which would presumably make them margspicuous to scavengers that
rely more heavily on sight than scent, as comptrede more cryptic coloration of

raptors.

2.4.4. Total Mortality Estimates

While total loss is estimated at 1.01 — 4.26 ai®@-00.23 raptors per section in oilfield
and rural areas respectively, these numbers iredrasnatically when the entire study
area is considered. An estimated 542 - 2762 rapterfost to electrocution in the study
area over a six-week period spanning June — Augasied on the 143 townships and
over 5000 sections in the study area, the aboveomet total mortality estimates can be
converted to an “average” rate of 3.77 — 19.22tedeated raptors per township and

0.11-0.53 electrocuted raptors per section.
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There are three things to consider when interpgdatiese results. First, because the
minimum total mortality estimate is derived fromlynonfirmed electrocutions, the
difference between the minimum and maximum estistiten stem solely from the
unconfirmed electrocutions. However, for these sasamains found were too sparse to
ascertain the cause of death. Other possible soofaaortality include disease,
shooting, inter- or intraspecific competition, @ea hydrogen sulfide (¥$) poisoning
from the oilfields (Franson and Little 1996). Fuatimore, in some of these unconfirmed
cases only feathers were discovered, thus | caatiday with certainty that they
represented a dead bird: the possibility existsttiey fell from a live bird (for example
during preening or a fight with another bird).

Second, despite the fact that all remains (confirared unconfirmed) discovered during
the first check were removed to prevent double tognthere exists the possibility that
some of the remains found (especially if there voerly a few burnt feathers) were on

site during the first check but were inadverteothgriooked by the searchers.

Finally, | speculate that the accuracy of any totaltality estimate is inversely
proportional to the size of area to which one wasteeextrapolate. Characteristics such as
topography, land use, prey concentrations andilgigion, scavenging pressure, and
raptor species composition and density are apaty within the broad study area. The
assumption that all of these factors remain comstas the potential of reducing the
accuracy of the estimate of total raptor loss gztebcution. Given the above three
considerations, a conservative estimate of elegtimt mortality is likely most

appropriate.

2.4.5. Summary

A review of this chapter’s objectives and the agded findings are presented here.

1) Determine the proportion of mortality at eactusture type as it relates to its

abundance on the landscape.
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Three-phase transformer poles represented 67%néif@d mortality, but only
represented 30% of poles sampled, and 15% of poléise landscape. Conversely, while
three-phase tangent structures comprised 15% e§almpled and 37% of poles on the
landscape, no electrocutions were found beneatie thieuctures. Details for the

remaining structure categories can be found infeg@.2, 2.3 and Table 2.7.

2) Quantify the effect of scavenging pressure eratility to recover electrocuted
birds.

After 6 weeks, only 38% of chicken carcasses weltalstectable. The average
probability of a carcass remaining on site afteregks was 47%. Furthermore, every

experimental carcass had been scavenged to someedeg

3) Calculate the estimated rate of non-reportedtoaglectrocution per section (2.59

knf) over 6 weeks in the breeding season.

Total loss is estimated at 1.01 — 4.26 and 0.023 faptors per section in oilfield and
rural areas, respectively. This translates to ©.53 raptors lost per “average” section
in the study area.

4) Obtain the total estimate of non-reported rapttectrocution mortality across the
study area after the effects of scavengers arentake account.

An estimated 542 - 2762 raptors are lost to eleation in the study area over a six-week

period in the breeding season.

In summary, | found no significant differences aptor mortality among configuration
types based solely upon discoveries of the sixiooefl electrocutions during field
surveys. This is likely due to the small sample $rom which comparisons were made.

However, when these data were combined with thahobnfirmed electrocutions, three-
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phase transformer bank structures and single-pladale deadend structures were found
to cause significantly higher raptor mortality. @ersely, three-phase tangent structures
were responsible for disproportionately fewer ef@mitions relative to their occurrence
within poles sampled. Results also demonstratestteatengers can have a sizeable

impact on the ability of the investigator to findrcasses after 6 weeks.

These results suggest that a substantial numbaediocutions may occur that do not
cause power outages, and that the extent of rapidirlity on power lines is likely being

underestimated by the utility.

It is important to note that the mortality ratesl@cavenging rates expressed in this
project only represent a six-week period in the m@mseason in relatively flat, open
habitat. Results should not be extrapolated beyioadpatial and temporal scope of this
study. All large diurnal raptors in the study aneigrate in the fall, and subsequent
electrocution mortality rates over the winter woliketly decrease. While there are some
large raptor species that may migrate from furtiath to over-winter in the study area,
no electrocutions of any additional species wepemed during the course of this project
(see Chapter 3). Additionally, dramatically fewaptors would likely be lost to
electrocution in forested regions because the ptimpoof potential perches represented

by power poles is much smaller.
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Chapter 3: Patterns of electrocution across structre types, species, and
demographic parameters as reported by ATCO Electri@and from

anecdotal accounts

3.1. Introduction

The overall probability of an electrocution occogiis a function of many factors,
including those that are biological, environmeiatiadl technical. Technical influences
were discussed in Chapter 2, and biological andr@mwmental factors are examined in

more depth here.

3.1.1. Biological Factors

3.1.1.1. Species

Not all species of raptors are equally susceptibkectrocution. In general, species
inhabiting forested or more structurally complemdacapes rarely fall victim to this
source of mortality (Benson 1981; Liguori 2003)eds provide natural perching
structures, rendering power poles less valuablledase birds, effectively reducing time
that birds are exposed to this hazard. Therefpexiss that occur in relatively treeless
areas with low topographic relief are more sustéptio electrocution. Even within
species in open ecosystems, many behaviors inuthecrisk of electrocution. For
example, ground-nesting raptors such as the nortiearier are less vulnerable to
electrocution (Janss 2000) as compared to manpguteat frequently hunt from and
nest on utility structures. Avian predators sucle#sons often constitute a low
percentage of mortality, but are certainly not inm@ato the risk (Harness 1997; Liguori
2003).

In general, the larger a raptor, the greater pritibath has of completing the electrical

connections with two parts of the body. Contactsvben electrical currents can be made
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using the feet, bill, wrists, or even feathers unglet conditions. In a series of trials
measuring conductivity of various components obklgn eagle’s body, Nelson (1980)
discovered that a dry feather is as insulativeiragpato 70 000v. Although lethal
voltages were not determined, the study also detraied that the eagle convulsed at
only 400v when electrodes were attached to thaylesirt of each wrist (Nelson 1980),
suggesting that skin-to-skin contact could provadiieat relatively low voltages.
Therefore, distances in excess of an eagle’s sp@veln wrists are the standard on
which minimal clearances on “safe” structures agell. The Avian Power Line
Interaction Committee (1996) has published a nurobdesign considerations and
retrofitting options for maintaining a 60-inch (2r&) clearance between any two
energized components or between energized and dgdwomponents. This 60-inch
minimum is sufficient to protect wrist-to-wrist ciact of a large female golden eagle
(Olendorff et al. 1981). Wrist-to-wrist measurenseot non-eagle raptors are largely
unpublished, and will be discussed in Chapter 5.

3.1.1.2. Age

Studies have shown that the age of a bird canandia its vulnerability to electrocution,
especially within eagles. One study found 98% @ 88gle electrocutions were
fledglings (Nelson and Nelson 1976). Many auth@gehnoted a higher rate of mortality
among juveniles as compared to adults (Boeker ackekson 1975; Benson 1981;
Ferrer and Hiraldo 1992; Dawson and Mannan 1998néts and Wilson 2001). This is
generally thought to result because the juvenilesrexperienced in landing on, and
maneuvering around, a structure. In a seriesa@stoonducted by Nelson and Nelson
(1976), trained golden eagles of various ages ¥ilered landing on and taking off of
non-energized, mock power structures. While adited to approach the crossarm from
below the conductors and tuck in their wings jugdmpto landing, the immature birds
approached from above, which involved substantmlbye flailing of the wings. This
added movement around live wires increases thecehifuat an electrocution will occur.
Thus, fledging and dispersing birds are highly spsible to electrocution (Benson 1981;
Sergio et al. 2004).

50



Additionally, adult and juvenile golden eagles haeen observed utilizing differing
hunting techniques. Juveniles tend to rely morevihean “still hunting”, making

multiple short flights from pole to pole and repaiy returning to power structures after
unsuccessful hunting attempts (APLIC 1996). Thishoé is more energetically efficient
than hunting on the wing, especially in colder tenapures (Benson 1981); it has also
been noted as the most efficient hunting techniqueed-tailed hawks (Orde and Harrell
1977) and ferruginous hawks (Wakeley 1978). Mealeyhdults tend to hunt on the
wing (Benson 1981), relying less on power polesrande on experience, thereby

reducing the opportunity to contact live wires.

The phenomenon of a higher proportion of juvendiestrocuted than adults observed for
eagle mortalities does not necessarily hold truefioer species. Benson (1981) found
that of the 16 non-eagle mortalities that couldfed, over half were adults.
Furthermore, 70% of raptors killed on power lineSpain were adults (Ferrer et al.
1991). This seemingly contradicting evidence inlitezature has much to do with the
temporal and spatial considerations of specifieaesh projects. The proportion of adults
and juveniles electrocuted during the course af@idysis influenced heavily by the time

of year, and whether or not the study is conduoted species’ migration, breeding, or

wintering grounds.

3.1.1.3. Sex

Sex plays an important role in susceptibility teattocution; raptors exhibit reversed
sexual dimorphism, or RSD, such that females agefahan males. This increased size
renders female raptors more vulnerable (Ferret-iraldo 1992; Dawson and Mannan
1995).

3.1.1.4. Seasonal activities

Behaviors present during various stages of the g@atribute to the susceptibility to
electrocution. In breeding areas, activities sunthng the nesting season such as
courtship and mating, nest building, territory desfe, additional hunting trips, acquisition
of flying and hunting skills, and juvenile dispdrad increase exposure time and activity
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around power structures. Benson (1981) reportaditd of non-eagle deaths occurred
during the nesting season. Similarly, Harness &sWril(2001) reported most hawk and
owl electrocutions in late summer. In winteringageraptors are often found in higher
densities as they congregate in areas with high ggnoendance, and rely more heavily on
perch hunting (Benson 1981). Therefore, areas wdeche as wintering grounds for
raptors will experience higher electrocution matyadiuring this period (Miller et al.
1975). Annual migration may also influence locaattocution rates, especially in areas

where certain species are only present at partitiat@s of the year.

3.1.2. Environmental Factors

3.1.2.1. Climatic conditions

Climatic conditions play a large role in electraons. Under extremely wet conditions,
wooden poles can become saturated with water agdoe@me grounded (Harness
1997). Under such conditions, a bird would neeg ¢miksit on either the crossarm or pole
top and touch one conductor for an electrocutioensue. Furthermore, the birds’
feathers themselves are more conductive when wa$oN (1980) discovered that wet
feathers conducted electricity at only 5000v, gsosed to the 70 000v threshold for dry
feathers. Saturated feathers may also make marsaiNgraround poles more difficult
and spreading wings in an attempt to dry off i®hdvior that may also put raptors at
higher risk (Nelson 1980). Benson (1981) postulated snow might pose an even
greater threat than rain in this respect due tpridpensity to melt into feathers, rather
than roll off.

Because raptors tend to approach a pole in thetatireof the prevailing wind, the
orientation of the crossarm with respect to thevpiteng wind is also very important,
with those mounted perpendicular to the wind beegsafest. If the crossarm is
mounted parallel or diagonal to the wind, thera fégher risk of a raptor contacting
conductors when landing or taking off from the stane, (Nelson and Nelson 1976;

Benson 1981), as they must cross over conductdasmitbon the crossarm.
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3.1.2.2. Habitat characteristics

Electrocution is much more prominent in grasslaamts shrub lands (Kochert and
Olendorff 1999) where raptors adapted to open egurtdily use the perching
opportunities that power poles provide. Poles tifigr the greatest view of the
surrounding terrain, such as those located oropaltand ridges, provide birds of prey
with a hunting advantage and thus are more likelye responsible for electrocutions
because of their frequent use (Boeker and Nicket8G; Benson 1981). Although
electrocution does occur in urban environments (Ena004), it is more common in

rural areas with less human infrastructure (Fested. 1991).

Landscape characteristics such as vegetation, tapbig relief, and land use also
influence frequency of electrocutions, primarilychase they influence the abundance of
prey species in any area. Although not statisgicgitynificant, Benson (1981) discovered
a higher occurrence of mortality beneath structuremtural areas adjacent to cultivated
lands when compared to those further away. Furtbexpsignificant differences were

found in raptor mortality in areas with differenmteg composition (Benson 1981).

3.1.3. Research Objectives

The purpose of this component of the research grejas to quantify patterns of
electrocution as they pertain to technical anddgimlal factors. The most effective way
to do this was to gather information from the titi records. Much more detailed
information on the mechanisms of electrocution ddaé ascertained in this manner as

compared to that which could be discovered durielg sSurveys.

For this portion of the research, my objectivesenss follows:

1) Determine the most lethal structures as repdiyetthe utility, 2) ascertain which

species are most vulnerable to electrocution withénstudy area, 3) quantify the

discrepancy between frequency of electrocution betwnales and females, 4) compare
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the frequency of electrocutions between age classeis5) describe temporal or seasonal
patterns associated with raptor electrocution.

As in Chapter 2, | predicted that electrocutiorsadn transformer structures, deadends,
and poles with lightning arrestors, cutouts or jemywires would be higher than expected
based on proportional frequency on the landscapeadicted electrocution rates to be

lower than expected on tangent structures.

| predicted that red-tailed hawks, Swainson’s hgwksl great horned owls would be
electrocuted most often, based upon the abunddribese species in the study area. |
thought that more adults than juveniles, and meneailes than males would be
electrocuted. Finally, | predicted that most incitlewould occur between April and

September, coinciding with the arrival and depa&rafrmigratory species.

3.2. Methods

3.2.1. Study Area

This portion of research was conducted within thigre 13 400krstudy area in
southeast Alberta, which includes the ATCO Eleddgcvice districts of Stettler,
Forestburg and Consort. In addition, it includes gbrvice district of Castor, which is
nestled among the aforementioned three distriddssatocated south of Forestburg, east
of Stettler, and west of Consort. These areas walereen to compliment data collected
for Chapter 2. The entire study area fell withia fbllowing span: 541’ to 5257’'N
latitude and 110 to 11306’ W longitude. A detailed description of the sfuatea can
be found in Chapter 2.

3.2.2. Raptor Electrocution Forms
Prior to the commencement of this research progestibstantial amount of detail was

lacking in the utility’s accounts of raptor eleauions. Records noted only that a bird or
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“animal” caused a service interruption, the timelay, and the rough location of the
fault. Fundamental details were lacking, includepgcies and specific structures
involved in raptor electrocutions. Obtaining susformation was the first step in
understanding the nature of the problem, so thabst effective mitigation strategies

and pole design standards could follow.

A standardized raptor electrocution reporting farased on that used for the Raptor
Electrocution Reduction Program (Liguori 2003) wasated for the ATCO Electric
service districts of Stettler, Forestburg, Conamd Castor. Designed for use when
carcasses were recovered during outage investigatiloe form collected information on
structural characteristics including voltage of line, presence of pole-mounted
equipment and guy wires, crossarm material, andhvener not the structure had
existing bird protection. Additionally, biologicalformation regarding species involved,
sex, age, injuries, and location of the carcasls mspect to the pole was included.
Finally, the form collected information on potehfi@od supply within the vicinity of the
pole, presence of other raptors, and any evidehpele use such as whitewash and

pellets. The Raptor Electrocution Form can be foan&ppendix C.

Utility personnel officially submitted forms spangithe period from April 2003 to
December 2004. Although forms were also collectethfother provincial ATCO
Electric districts on a voluntary participation lsashese were omitted from statistical
analysis since not every district participatedhis program, resulting in an inadequate
representation from all parts of the province. Hegreforms collected from beyond the
study area districts still provided valuable infation and was subsequently included in

the descriptive statistics.

Although Raptor Electrocution Forms were only resjad for birds of prey, some
districts submitted forms for other species, priigarorvids such as American crows and
common ravens. Because submission of such forrkedaa systematic approach and

were not within the scope of this project, they evemitted from analyses.
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Utility service personnel brought the raptor casessto local Fish and Wildlife division
offices where they were frozen. They were thenridkean Edmonton Fish and Wildlife
laboratory, whereupon | confirmed species and agenated any damage to the carcass.
Finally, | dissected them to determine sex. Indhent that bodies were sufficiently
burnt, decomposed, or when the sex could not bermeted, sex was recorded as

“unknown”.

In two circumstances, two birds were electrocutetukaneously. These were each

entered as two occurrences into the database.

3.2.3. Anecdotal Evidence

During the course of this research project, a nurobeaptor electrocutions were
reported to me through wildlife rehabilitators oemmbers of the public. In such cases, |
noted the species and age of the bird, and confitime category of pole by either
visiting the site or obtaining photos from the fndBecause of logistical limitations, no

efforts were made to determine the sex of theseasaes.

3.2.4. Statistical Analyses

3.2.4.1. Raptor Electrocution Forms

Comparisons of mortality with respect to structw@hfigurations were subjected to Chi-
Square Goodness of Fit Tests (Zar 1999, p465)terméne whether any poles

electrocuted more raptors than what would be expoy chance.

All comparisons involving species, age and sexasialties were analyzed using Log-
Likelihood Ratio Tests for goodness of fit (SokaR&hlf 1995, pp685-708) with
Williams Correction (Williams 1976), or Fisher’s &ot Tests (Zar 1999, pp543-557)
when data were partitioned and smaller sample girsgsed. Expected ratios for age

classes of raptors were obtained by summarizingibgrdata from the Canadian
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Wildlife Service (CWS) Bird Banding Office (CWS 2B Data included that of great
horned owls and red-tailed hawks banded in theystnela between 1955 and 2003.

In order to be consistent with age classificatior@le during the dissection of carcasses,
age class ratios for each species were determsiad the following guidelines: for great
horned owls, banding records of birds classifiedld¥ (after hatching year), SY
(second year), ASY (after second year) and AT Ye(attird year) were considered
adults. Juvenile birds were represented by thassitied as HY (hatching year). Birds
classified as L (local, or nestling birds) were tied from age class analysis, as they do
not reflect the demographic of those birds thaeewmce electrocution, since they have

not yet fledged from the nest.

During dissection of red-tailed hawks, birds thiat mbt yet exhibit the brick-red tail
characteristic of an adult were considered juvenileus adults were considered those
classified in the banding data as ASY. Juvenilesewieus represented by those classified
as HY, AHY and SY. As with the great horned owloets, L category birds were not

included.

In consideration of the larger sample size of thedet, the alpha value for rejecting the
null hypothesis was set at 0.05. Chi-squared aesly®re performed using SPSS 12.0
(SPSS Inc 2003), while Log-Likelihood Ratio anakyseere done using Microsoft Excel
2000 (Microsoft Corporation 1999).

3.2.4.2. Anecdotal evidence

The anecdotal electrocutions reported to me weseasiic and were not collected in a
systematic way. Additionally, because on many docasthe shock did not initially kill

the bird, and as most of these events occurre@ ¢toBuman settlement, the shocked
birds were more apt to be discovered. Considehiegd inherent biases, and the lack of
systematic reporting, they were not subjectedatistical analyses. Nonetheless, the data

still provide additional information and thus aneluded as descriptive statistics only.
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3.3. Results

3.3.1. Raptor Electrocution Forms

Fifty-three raptors were reported electrocuted BYCA Electric in the districts of
Stettler, Forestburg, Consort, and Castor durieg2thhrmonth data collection period.
Other service districts in the province reporteadditional 22 raptors. All Raptor

Electrocution Form data from within the study aaea listed in Appendix D, Table D4.

3.3.1.1. Mortality by species
Within the study area, great horned owls and rddetdnawks were the only species
reported on the Raptor Electrocution Forms, wittaB8 18 carcasses collected,

respectively.

The 22 additional electrocutions reported from oherticipating districts in the province
included 11 great horned owls, two great gray @®tsix nebulosy one snowy owl and
one Swainson’s hawk, one reported as “sparrow hgpié'sumed to be an American
Kestrel Falco sparveriuy), and five owls and one hawk, classified onlysash. One
district also reported the electrocution of a gggaly owl on a 72kV double deadend

transmission pole.

There were two occurrences of two great horned ellstrocuted simultaneously on the
same pole. The first circumstance was an adult i=arad juvenile of unknown sex on a
single-phase deadend; the second occurrence waasdinliofemales on a three-phase
transformer structure with bushing caps (bird ptos) already on the structure. The
latter two birds were found with talons still intezked.

Five great horned owls carcasses were found wéf jprtheir talons or lying next to

them. Four of these incidents occurred on transtopoles, one on a deadend.
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3.3.1.2. Mortality by structure type

Significantly more raptor electrocutions occurredtioree-phase transformer structures
(X?=95.491; df = 9; p<0.001) than any other structype. Three-phase overhead to
underground riser poles (herein “riser poles”) wiathcated as the second most common
structure involved in electrocutions followed bygle-phase deadends, single-phase
transformers, and three-phase cutout poles. Oc&@teition was reported on each of the
following: single-phase double deadend, single-thanele-phase tangents, three-phase
capacitor bank, three-phase gang switch strucame three-phase deadend. The number

of deaths associated with each structure configurasg reported in Table 3.1.

Despite an attempt to collect information on whiéebird contacted the structure, this
guestion on the form was in most cases left blaftken because it was impossible to

determine this information if the outage did nadg@any structural damage.

Table 3.1. Number of deaths associated with various
structure types as reported on Raptor Electrocution Forms,
04/03 — 12/04. Structure categories follow classification
system shown in Table 2.2.

Structure No. of deaths in No. of deaths in all
Type study area only  participating districts
3XR 25 29
3UG 8 10
1DE 7 10
1XR 5 12
3FU 2 2
3DE 1 1
1TG 1 1
3TG 1 5
1DD 1 1
3CB 1 1
3GA 1 1
1FU 0 1

The incidents of raptor electrocutions per strueonfiguration for each species are

illustrated in Figures 3.1 and 3.2. Transformeudtires alone were responsible for 57%
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and 56% of great horned owl and red-tailed hawktatity, respectively. Riser structures
were the second most lethal structure to hawks aéory with single-phase deadends,
were the second most dangerous poles for owls ks we

O3UG
O01DE
[ 3FU
@ 1XR
810D

43%

1TG
i 3GA

Figure 3.1. Pattern of great horned owl mortality across structte
types in the study area as reported on Raptor Electrocution Form:
04/03 — 12/04 (n = 35).

5.6%

0 3XR
O 3UG
O1DE
O 3FU
55.6% [M 3CB
[ 3DE
O3TG

Figure 3.2. Pattern of red-tailed hawk mortality across structue
types in the study area as reported on Raptor Electrocution Form:
04/03 — 12/04 (n = 18).
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3.3.1.3. Mortality by sex

Sex was determined on 23 of the 35 owls colleddadpite comprising 74% of the total,
females were not electrocuted significantly mowmtmales (G =2.777; df=1; p =
0.096), when the data were tested against an exgeatio of males to females of 43:57
(Table 3.2).

Within hawks for which sex was determined (n=13fo/were females, which was
statistically significant (G = 4.479; df = 1; p :084) when tested against an expected
male to female ratio of 52:48 (Table 3.2).

| did not receive the bodies of the 25 specimetiecied from beyond the study area;

consequently, they were not dissected to detersere

Table 3.2. Comparison of frequencies of electrocution between malad
female great horned owls (GHOW) and red-tailed hawks (RTHA)as
reported on Raptor Electrocution Forms, 04/03 — 12/04. Expectadtios
derived from 49 yrs of banding data in the study area fromhe Canadian
Wildlife Service Banding Office. n = total number of each speciesllected;
p = probability of making a Type 1 error for Hy: no difference in mortality
rates among sexes. Bolding indicates significance.

Expected Observed
Species Comparison M:F ratio M:F ratio n p-value
GHOW F>M 43:57 26:74 23 0.096
RTHA F>M 52:48 23:77 13 0.034

3.3.1.4. Mortality by age

Among great horned owls, age was confirmed forf3R@ 35 bodies (Figure 3.3). Adults
represented 69% of the birds, but were not elegteatsignificantly more than juveniles
when tested against the expected annual adulvémijie ratio of 75:25 (G = 0.625; df =
1; p = 0.429). Data were then partitioned before afiter great horned owls fledge (end
of May). The sample size was too small to testflgeging data (n=3), however the test

was run on the post-fledging data (n=29). Wheretkagainst an expected adult to
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juvenile ratio of 52:48, no relationship was foy@l= 2.108; df = 1; p = 0.147) (Table
3.3).

Among red-tailed hawks (n=18), age was confirmedafbbut one bird (Figure 3.4).
Adults represented 88% of the mortality and thsliing was significant when compared
to an expected annual adult to juvenile ratio a#B4G = 10.06; df = 1; p = 0.002).
However, when the Raptor Electrocution Form dateevpartitioned before and after the
fledging period (early July), Fisher's Exact tedétected a significant relationship before
(n=9; p=0.029), but not after (n = 8; p = 0.188s period (Table 3.3).
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Figure 3.3. Demographic pattern of great horned ow
mortality in study area as reported on Raptor
Electrocution Forms, 04/03 — 12/04 (n=35).
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Table 3.3. Comparison of frequencies of electrocution between atlaind juvenile great horned
owls (GHOW) and red-tailed hawks (RTHA), as reported on Rptor Electrocution Forms, 04/03—
12/04. Expected ratios derived from 49 yrs of banding dataithe study area from the Canadian
Wildlife Service Banding Office. p = probability of makinga Type 1 error for Hy: no difference in
mortality rates among age classes. Bolding indicates sifjicance

Expected Observed
Species  Comparison  Ad:Juvratio  Ad:Juvratio  Timeframe n p-value
GHOW Ad>Juv 75:25 69:31 Annual 32 0.429
GHOW Ad>Juv 52:48 66:34 Post-fledge 29 40.1
RTHA Ad>Juv 52:48 88:12 Annual 17 0.002
RTHA Ad>Juv 53:47 100:0 Pre-fledge 9 0.029
RTHA Ad>Juv 31:69 75:25 Post-fledge 8 @13
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Figure 3.4. Demographic pattern of red-tailed hawk
mortality in study area as reported on Raptor Electrocution
Forms, 04/03 — 12/04 (n=18).

3.3.1.5. Temporal variations

No electrocutions occurred during the months ofddelzer, January and February. The
majority of electrocutions (87%) occurred betwegmiland August, peaking in July
with 19 (36%) deaths (Figure 3.5). Hawk mortalitgsalimited to the spring and summer

(April — August) while great horned owls experied@ectrocutions spanning the year,
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except for the three months listed above. Temygmatierns of electrocution beyond the
study area were similar to Figure 3.5, with theegton of one owl electrocution in
December 2003.

While adults were electrocuted throughout the mesjganning April to November,
juveniles were only reported during June, July, Andust, coinciding with the fledging

season (Figure 3.6).
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Figure 3.5. Temporal patterns of electrocution among great
horned owls (n=35) and red-tailed hawks (n=18) as reportecho
Ranptor Electrocution Forms. 04/03- 12/04
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Figure 3.6. Adult and juvenile mortality (great horned owlsand red-
tailed hawks combined) for all birds for which age could be
determined, in study area as reported on Raptor Electrocution
Forms, 04/03 — 12/04 (n = 49).

3.3.2. Anecdotal Evidence

Between May 2002 and April 2005, sixteen anecdwsaks of raptor electrocution were
reported to me. These included seven great howwés] two golden eagles, two bald
eagles, and two red-tailed hawks. One great hasaddhat was electrocuted on a three-
phase transformer pole was found with a northsfindl squirrel Glaucomys sabrings

still in its talons. Species, status when foundl eorresponding structures are reported in
Table 3.4. Nine of the casualties were found albtg,none of these birds survived; if
they were not killed during the initial shock, theiyher subsequently died or were

euthanized at a local wildlife rehabilitator becaw$ the severity of their injuries.
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Table 3.4. Raptor electrocutions reported anecdotally 05/(
—04/05 and associated structures as classified in Table 2.2.

Structure Category Species Status’
3XR (3) GHOW A, D, U
3TG (1) GHOW D
1TG (1) GHOW A
1DD (1) GHOW A
1XR (1) GHOW A
1TG (4) RTHA A A DD
1DE (1) RTHA A
113G (1) BAEA A
Not reported (1) BAEA A
3DE (2) GOEA D,D

1“GHOW?": great horned owl; “RTHA”: red-tailed hawk;
“BAEA": bald eagle; “GOEA": golden eagle

2«p”: Alive when discovered; “D”: dead when discovered;

“U”: status when discovered unknown

% Tangent structures lacking a crossarm, with a neutral wire
running parallel beneath the energized phase

* Both GOEA were electrocuted on separate occasions on the
same structul

3.4. Discussion

The data collected by utility servicemen are diffico evaluate because of the
nonrandom technique through which carcasses wdlextam. Indeed, there is a bias
associated with these data since they represepntlimmklectrocution events that caused
outages and were detected by utility personnel. éd@w if it is reasonable to assume
that all birds, regardless of age class or sexe lasvequal chance of causing an outage

when electrocuted, then some valuable conclusiansstill be drawn from this data set.

3.4.1. Lethal Structures

My predictions regarding the most lethal configimas were supported. As consistent
with the literature, three-phase transformers pafee indicated as the most dangerous
structure. This is explained largely by insuffidietearances between energized and

grounded components on these structures. If raptersoutinely using transformers as
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feeding platforms or hunting perches, as opposdldet@omparatively safer perch offered
by wooden crossarms of other structures, thenadheyepeatedly exposing themselves to
extremely hazardous conditions and subsequentlgreqre higher mortality on these

structures.

Similarly, riser structures proved highly dangertuboth owls and hawks, but
comprised a higher proportion of mortality for tager. Although there are numerous
potential perching locations on this structure,eohthem offer safety because of the

number of lightning arrestors, stress cones, ammb@r wires present on the pole.

As expected, tangent structures were responsibke ¥ery small proportion of overall
mortality. In one red-tailed hawk electrocutiore three-phase tangent had two
insulators on one side of the crossarm, whichgsllzidangerous to a bird that attempts
to land on that side, as the clearance betweetwtheonductors is unusually low. ATCO
Electric has long since recognized the hazard ariten this pole design, and has omitted
it from the construction standards. The secondaansgtructure, on which an owl was
killed, was a single-phase pole lacking any guyesjimhich suggests that this incident
may have resulted from wet conditions. Indeed, alenecords indicate that the area did
accumulate 1.0cm of precipitation on the day ofitleedent (The Weather Network
2004).

The anecdotal evidence however, produces a diff@ieture. In contrast to the data
collected on the Raptor Electrocution Forms, tahgeles were involved in a large
proportion of incidents (seven of sixteen) in whathuctures were identified. These data
were biased in that in most cases, they occurreat oear an individual’s property, and
the raptors were often found alive, which mightdavade them more prone to detection.
However, this lends strong support to the suspithiah many more raptors are
electrocuted than are detected by utility compar@specially when these events do not
result in an interruption to the power supply, awten they occur on structures that are

generally thought to be among the safest of cordions.
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3.4.2. Biological Patterns of Electrocution

3.4.2.1. Species

Only two raptor species, great horned owls andaddd hawks were found electrocuted
in the study area. These results were not unexgpgiten that the former have
historically been the most commonly electrocutectmanal raptor (Olendorff et al. 1981,
Harness 1997) and red-tailed hawks were the mastrmmly electrocuted hawk species
as discovered in an analysis of over 1400 raptwtedcution records from numerous
utilities in the western United States (Harness\afildon 2001).

The total absence of Swainson’s hawk electrocutionghe utility reports within the

study area was an unexpected result, as they wermonly observed in the area, and
were often seen using utility structures (see Ghrapt The slightly smaller size of
Swainson’s hawk as compared to the red-tailed haagk account for this difference, but

it is more apt to be a function of behavioral diéieces. This concept will be discussed
further in Chapter 5. Moreover, rough-legged hawigrate through the area in the early
spring and late fall and have often been spottatjusngle-phase tangent poles adjacent
to roads and highways (personal observation). §jesies may demonstrate a preference
for these safer structures as opposed to threeegiwdss in the oilfield; this is

speculation and, to my knowledge, has not beenrdented in the literature.

No eagles were found electrocuted within the strda, which is in stark contrast to
many other studies (Boeker and Nickerson 1975; ékmriand Wilson 2001; Liguori

2003; Medzhidov et al. 2005). Bald and golden eabkeve been observed in the study
area during migration, but no cases of breeding leaen confirmed according to the last
published Atlas of Breeding Birds of Alberta (Semienk 1992). Despite this, some

electrocution mortality of these large raptors nilglive been expected during migration.

It is difficult to draw comparisons regarding themmber of reported mortalities in this
study to other utilities’ records, because of theiity in size of service areas,
topography within them, and other variables. Addliglly, the extent to which utilities
maintain records on raptor electrocutions is hightonsistent, and these records are
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generally not made available to the public. Presiiymahe number of mortalities
reported in this study over a 21-month period vgdothan in most areas. As discussed,
the density of bald and golden eagles is quiteifothe study area, and eagles comprise a

relatively high proportion of electrocuted raptorsnany other studies.

Because of the relatively cold, northerly climatesoutheast Alberta, several raptor
species are merely summer residents. As a relalglisolute abundance of raptorial
birds decreases for almost half the year; accolgitige number of electrocutions
reported in Alberta during winter would be expediediecrease. An opposite trend may
be observed in more southerly areas that suppertantering raptor populations, which
naturally include a relatively high proportion aignile birds. Benson (1981) noted that
wintering populations of eagles sometimes congeegahigh densities around available
food sources, and use the more energetically effiatill-hunting technique, making

them more vulnerable to electrocutions.

No falcons were reported electrocuted on the Reapirtrocution Forms during the
course of this project. However, one adult fema&esgrine falcon was reported
electrocuted on a single-phase double deadendrptile study area in July 2005, after
completion of the data collection. Falcons oftenstiute a relatively low percentage of
electrocuted raptors, which, as Harness (1997 ufadst, may be a result of their
generally smaller body size which would render thess vulnerable to electrocution, or
just more easily carried off by scavengers. Corelgrstill-hunting may not be as
valuable a technique to these avian predatorsererglutility poles less valuable to

them.

3.4.2.2. Sex

This research revealed that females were electdaubre often than males for both red-
tailed hawks and great horned owls, although tlais mot significant for the latter.
However, the banding data on owls from which expedtequencies were calculated
may not be a completely accurate representatidimectfrue sex ratio. The original data
set showed a bias towards females of 36:64, bgsaal 243 records for which sex was
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determined. However, great horned owls demonséraex-biased propensity to be
caught by banders, especially during the breedsagan: when a bander climbs to a nest
to band the nestlings, the female is most ofterfitbeto return to defend the nest, thus
making her more susceptible to being caught anddsh(Erhard Pletz 2005, personal
communication). In fact, the banding data refledtesl over half of the female great
horned owls were banded during April and May, calimg with the nesting season.
These months were omitted from the data set whemrrdaing sex ratios in an attempt
to remove that bias, yet females still appearezbtoprise a higher proportion of the sex
ratio (43:57). Indeed, a similar sex bias was atsted when Craighead & Craighead
(1956) measured a male to female ratio of nesthpgors of 46:54. Thus, at the
population level, females are likely more commeemtimales. However, banding biases
may still occur for both males and females throughbe year for this species and as
such, the banding data may not accurately reflectrue sex ratio, thus caution should
be exercised when interpreting the lack of sigaifice of these results.

Nonetheless, the higher frequency of female eleation of both hawks and owls
primarily results from reversed sexual dimorphi§mply put, larger birds have a higher
chance of contacting two dangerous componentseaftiiucture simultaneously. In
addition to the physical size distinction, behaaialifferences may contribute to this as
well. Dominance of large females may also leadispldcement of males from perches
(Ferrer and Hiraldo 1992), leading to an increadehce of electrocution for this sex
class. Intra-species competition appeared to beatse of two adult female great horned
owls that were simultaneously electrocuted during $tudy. Their healthy body
condition, and the fact that they were found wattons interlocked, indicated a fight

likely occurred that led to the demise of both wdiials.

Furthermore, females of many raptor species tespéod more time at the nest with
young during the nesting period, and have a largjerin delivering food during the
fledgling period (Newton 1979). If great horned swihd red-tailed hawks opt to nest on
or near distribution power poles, then the compaBt high interaction time with the
young and subsequent prolonged exposure to thechezauld lead to increased
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susceptibility to electrocution. Even if nests siteated a seemingly safe distance from
utility structures, as long as the poles are withmterritory, the potential for
electrocution would presumably increase as aduitgavstill be utilizing poles for
hunting perches. Similarly, the young would optise this area while acquiring hunting

and flying skills.

Since males and females are not electrocuted eqjaa rate, the possibility exists that
some populations may experience a sex ratio biasdor of males. This could
potentially lead to a higher incidence of immatiamales paired with males for
breeding, as was observed by Ferrer and Hirald®2)1$uch pairs would likely
experience lower nesting success through infgrtidit not laying at all (Newton 1979).
This situation would likely be more prevalent iresges with smaller population sizes,

and would be more of a concern for sensitive sgecie

It was beyond the scope of this project to assespadtential impact of electrocution on
raptor populations as a whole. Losing a higher rematb females to this form of

mortality may not have severe implications on aggesuch as great horned owls,
especially if the adult population is naturallyded in favor of females as the banding

data suggests. However, the disproportionate nityrtzlbreeding females may have
substantial impact if this pattern is consisteseelhere among threatened species such as

ferruginous hawks.

It has already been established that raptor eledtion is often the result of aggressive
intra-species interactions, nesting building atgivind rearing young. If we can assume
that the females involved in such activities aremadly the most likely to survive to
produce offspring, as evidenced by their abilitgéaure a mate and defend a territory,
then it follows that mortality by electrocution mewyfact select against the most “fit”
individuals in the population. Ironically, the vetfiaracteristics that have historically
ensured that a raptor would survive to contribtgeéenes to the next generation are the
same attributes that contribute to the likelihobdsodeath, when this highly unnatural

form of mortality is considered.
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Moreover, if females are killed before the youngéniedged, then such nests will have
a higher probability of failure. It follows thenahthe loss of a breeding female during
the nesting season may have a much more substafitignce on the population than it
would at other times of year. Indeed, this effeayrhave serious consequences for
threatened or endangered species, especiallyinigagynergistically with other factors

causing population decline.

3.4.2.3. Age

My prediction regarding age distribution of moryakvas supported: more adult raptors
were reported electrocuted than immatures. Updmgethis finding against the expected
distribution of adults and juveniles, no signifitaifferences were found between adult
and juvenile owl mortality. However, significancasvdetected when red-tailed hawks
were examined using CWS banding data spanningthetpre-fledging period and the
entire year. No relationship was found with thetgtexiging data.

Despite fewer juveniles being found electrocuteahthdults, the fact that all juvenile
mortalities were observed during the breeding seaseven for a year round resident
species, the great horned owl — further suppoethdence in the literature that
activities surrounding fledging and subsequentetsg put immature raptors at high risk

of electrocution during this period.

3.4.2.4. Seasonal activities

Of the 53 forms submitted from the study area idistiduring the data collection period,
30 and 23 forms were collected in 2003 and 20®heaetively. Although the official
collection began in April of 2003, one service dittsubmitted a form that was
backdated from March of that year. This form waduded in the totals but should not be
interpreted as a true representation of mortatitytfiat month as only one district

backdated a form in this manner.

As anticipated, most (89%) fatalities occurred tesw April and September, coinciding
with the arrival and departure of red-tailed hawlsis period also encompasses the
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fledging period of great horned owls, which oft¢grts in May (Erhard Pletz 2005,
personal communication). Not only are raptors naimendant during this period, but
heightened activity surrounding the nesting seadsm contributes to an increased
susceptibility of electrocution. Two spikes on teeporal scale are notable, in April and
July. The April spike coincides with the periodwhich red-tailed hawks are preoccupied
with territory defense, mating, and nest buildiwhjle many great horned owl nests are
hatching (Mclnvaille and Keith 1974), resultingintreased activity surrounding hunting

trips by the male.

Similarly, the spike in electrocutions in July dékely be attributed to juvenile dispersal
of great horned owls, while adult red-tailed hawks actively hunting to provide for the
young, and juvenile birds are fledging from thetn@&kis suggestion may be supported
by the fact that two great horned owls — one a@uftale and one juvenile - were found
electrocuted at a single structure during July 200 adult female was carrying a prey
item and may have been feeding the juvenile bittju&enile birds were electrocuted
between June and August, when both species ofreagte learning to maneuver around
the structures, and are consequently more probhedging the gap between energized

components.

3.4.2.5. Other factors

Observations from this project lead to some indicethat raptors, at least great horned
owls, may be utilizing transformers as a platfoondating freshly caught prey. This
speculation is based on the six great horned divks ffom Raptor Electrocution Forms
and one from anecdotal evidence) that were fourid wiole or partial prey either in
their talons or lying next to the carcass. In all bne of these incidents, the lethal pole
was a transformer pole. Given that the head wasingn some of these prey items, it
would appear that the owl made the kill, ate thedhend flew up to the transformer to
ingest the remainder of the Kill. If this is acaarahen it suggests that these birds may
use transformer platforms while eating becausé@fidded protection from potential

prey robbing that this structure provides.
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3.4.3. Summary
A review of this chapter’s objectives and the aiged findings are presented here.

1) Determine the most lethal structures as repobtgdhe utility.

According to the Raptor Electrocution Forms subeaithy ATCO Electric, three-phase
transformer structures were responsible for sigaiftly more electrocutions than any
other structure type. Three-phase riser poles eieated as the second most common
structure involved in electrocutions followed bpge-phase deadends, single-phase
transformers, and three-phase cutout poles.

2) Ascertain which species are most vulnerabléi®form of mortality within the

study area.

Thirty-five great horned owls and 18 red-tailed kawvere reported electrocuted in the

study area. No eagles or falcons were reporteahguhie course of the data collection.

3) Quantify the discrepancy between frequencyedftedcution between males and

females.

In total, sex was determined for 36 of the 53 bttdg were reported electrocuted.
Females represented 74% and 77% of great hornedamll red-tailed hawks,
respectively. The discrepancy from expected seasaias significant for red-tailed

hawks only.
4) Compare the frequency of electrocutions betweerckgses.
Adults represented 69% and 88% of the respectieatdrorned owl and red-tailed hawk

carcasses for which age was confirmed (n=49). diffisrence from the expected age

distribution was significant for red-tailed hawksy
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5) Describe temporal or seasonal patterns assodiati¢h raptor electrocution.

No electrocutions were reported between DecemlikFabruary. Most electrocutions
(89%) occurred between April and September, coingitvith the nesting season of red-
tailed hawks and great horned owls. All juvenilesevelectrocuted during June, July and

August.

In summary, 35 great horned owls and 18 red-tdibaslks were reported electrocuted by
ATCO Electric personnel during April 2003 — DecemB@04. It is important to stress
that these birds represent events that causedtageya subsequent investigation, and
recovery of a carcass. They do not include anytreleations that may have occurred but

that did not fulfill the above three requirements.

These data provide vital information about thedtrte types involved, but perhaps more
importantly, biological information such as age aed of the species involved. This
information is often not acquired through fieldgys unless fresh, intact carcasses are

recovered.
This study revealed that adult female birds arprdigortionately susceptible to this form

of unnatural mortality. This could have a substnthpact on populations of threatened

or endangered species, if breeding females aréd@séctrocution.
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Chapter 4: Raptor utilization of power poles

4.1. Introduction

4.1.1. Preferred Poles

Not all power poles are equally attractive to raptd he amount of use that any given
pole receives depends on topographic relief, sadimg prey base, its position with
respect to the prevailing wind, and the availapilit natural perches (Boeker and
Nickerson 1975; Miller et al. 1975; Nelson and d#eld976; Benson 1981). Poles that
offer unique advantages and are thus used moragbgrs are termed “preferred poles”
(Olendorff et al. 1981).

For eagles (and presumably other raptor specie®ils preferred poles are those with a
crossarm mounted perpendicular to the prevailingdwand which offer the greatest
view of the surrounding landscape (Nelson and Nel€i¥6). Those often include poles
positioned higher on the landscape such as owsllor ridges, where strong thermal
updrafts provide an advantage for taking off of sheicture (Boeker and Nickerson
1975; Benson 1981). These structures also offéorsiphe advantage of obtaining
greater attack speed when hunting (Benson 198Dpjcaly, risk of electrocution is
higher at poles that offer these advantages, gsafeeused most often (APLIC 1996).

Knowledge of preferred poles is very useful whelities are prioritizing poles for
retrofitting. There are two methods to determinéchlistructures are used most readily.
The first is to conduct surveys of observationsaptors on the structures; this method
provides valuable information but is limited in tlieonly provides a snapshot in time.
The second method, and arguably the most valualiérins of information obtained, is
to survey the structures themselves to check faleex¢e of raptor use. During field
surveys, these structures can be determined bghsegrfor high quantities of bird
excrement (whitewash) on the crossarms, equipraedtbeneath the pole. Other

evidence includes regurgitated pellets and preyanesrat the base of the pole.
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4.1.2. Raptor Species in Southeast Alberta

Within the context of research on raptor electrmns, it is imperative to know some
fundamental background on the raptor species tt@atran the study area. Exact
population estimates were beyond the scope optioject, yet an estimate of relative
abundance is useful. Those data can be compafeditogs of which species are
electrocuted in the area and patterns may be aswedtbased upon these comparisons.

Numerous raptors inhabit the study area as eitimaneer residents, winter residents, or
while passing through during migration. Occurreatenedium and large raptor species
is outlined in Table 4.1

Table 4.1. Occurrence of medium and large raptor species within thetudy
area: YR (year-round); S (summer); W (winter); M (migration); and breeding
status within the study area: C (confirmed); PR (probable);PO (possible); N
(no breeding)

Species Occupancy Breeding
Eagles
bald eagleHaliaeetus leucocephalus M* PO
golden eagleAquila chrysaetds S N
Buteo Hawks
broad-winged hawkButeo platypterus M* PR
ferruginous hawkButeo regali¥ S C
red-tailed hawkButeo jamaicens)s S C
rough-legged hawlkButeo lagopus M N
Swainson’s hawkButeo swainsoi S C
Accipiter Hawks
northern goshawkA(ccipiter gentiliy W N
Cooper’'s hawKAccipiter cooperij S C
sharp-shinned hawlA€cipiter striatu$ S C
Falcons
gyrfalcon Falco rusticolu$ w N
peregrine falconRalco peregrinuk M* c?
prairie falcon Falco mexicanus S PO
Owls
great horned owlRubo virginianu$ YR C
long-eared owlAsio otu3 S PR
short-eared owlAsio flammeus YR PR
snowy owl (Nyctea scandiaga w N
Other
northern harrier@ircus cyaneus S C
osprey Pandion haliaetus M* C
turkey vultureGathartes aura S N

! Source: (Fisher & Acorn 1998)

2 Source: (Semenchuk 1992)

% Source: (Gordon Court, personal communication)

*In some cases, discrepancies existed between sources
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4.1.3. Research Objectives

The objectives of this portion of the research wasréollows: 1) quantify the relative
abundance of red-tailed hawks and Swainson’s hawttee sampling area, 2) determine
whether red-tailed hawks and Swainson’s hawks deirate preferences for perching on
power poles or natural perches, 3) ascertain whétieeabovementioned species prefer
certain power pole configurations to others, anted) for a correlation between the

degree of pole use and distance to the nearesahptrch.

| predicted that red-tailed hawks would be moremalait than Swainson’s hawks, and
that both species would prefer tangent structuves other configurations and over
natural perches. | thought there would be a pasitinrelation between degree of pole

use and the distance to the nearest natural perch.

4.2. Methods

4.2.1. Study Area

The relative abundance surveys and surveys of peef@erches were conducted within
the same three sampling areas of Stettler, Fonegthnd Consort as described in detalil
in Chapter 2. The power pole usage data were ¢edabroughout the entire 13 400km
study area, which is described in Chapter 3.

4.2.2. Relative Abundance

To quantify the relative abundance of raptors sgtudy area, frequency of occurrence
(Dawson 1981) was measured using three-minute itatirdistance point counts. These
counts were undertaken during the electrocutiodenge surveys, which began
approximately 30 minutes before sunrise and wenepteted in the early afternoon. A
pole was selected as a point count station if & waninimum 300m from the previous
count. Two observers stood back-to-back and sudrejlegaptors seen with 10X42

binoculars; standing in this position allowed ths@rvers to view the entire 36€adius
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surrounding the pole. Observers communicated th etier the direction any raptor was
flying to avoid double counting. Data were collecta species observed, age (if
possible), and activity (in flight, perched, or ting). With the low topographic relief
and extensive line-of-sight, many sightings werdisfant birds that could not be
determined to species. These were classifiedateti, or sometimes more generally as
“raptor”. Because surveys were limited to dayligbtrs, they excluded nocturnal

raptors.

4.2.3. Power Pole Usage

In order to determine how raptors utilize powergspldata were collected any time a
raptor was observed perched on a pole. Informatiamsrecorded on species, time of day,
type of perching structure (pole or tree), anggifched on a pole, where the bird was
perched on the structure. These data were sepanébed) those that were collected
during randomized point counts and (2) those thaeveollected opportunistically while

traveling through the study area.

4.2.4. Preferred Poles

Each power pole surveyed during the electrocutiodesice surveys was examined for
signs of raptor use including whitewash on or dlyelselow the structure, and
regurgitated pellets or prey remains at the baskeopole. As poles were each surveyed
twice, any pellets or prey remains found duringftrs# visit was removed to prevent
double counting. The amount of whitewash and thabmar of pellets found at each pole
were each assigned points on a scale of 0 - 4;neragins were assigned either 0 or 1
point. The maximum number of points that each pol@d be assigned per survey was 9
(Table 4.2). Thus, the maximum number of pointssfse at each pole for the first and

second surveys combined was 18.
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Table 4.2. System of point assignment for determining
degree of raptor use at each pole. Total number of points
possible during each survey was 4, 1nd 4 for pellets, prey
remains and whitewash, respectively. Maximum points
possible per pole per survey was 9.

Points Number of Prey
Assigned Pellets Remains Whitewash
0 None Absent None
1 1-2 Present Very little
2 3-5 Some
3 6-8 Heavy
4 >9 Very heavy

The distance to the nearest natural perch wasr@ustaising ocular estimates. These
approximations were derived using the averageristhetween poles for reference,
which for ATCO Electric’s lines is 107m and 95mtbinee-phase lines and single-phase
lines, respectively (Brian Harris 2004, personahominication).

4.2.5. Statistical Analyses

4.2.5.1. Relative abundance

All confirmed sightings of red-tailed hawks and $wsan’s hawks seen during point
counts were analyzed using the Log-Likelihood Raggt for goodness of fit (Sokal &
Rohlf 1995, pp685-708) with Williams Correction (Wims 1976).

4.2.5.2. Power pole usage

Two data sets were tested independently becaugevire not collected in a similar
fashion. The first data set consisted of obseraataf birds on perch structures (trees
versus poles) based on randomized point countss@tend data set was based on
opportunistic sightings observed outside of pomirds. For both data sets, chi-squared
analysis using Yates Correction for Continuity (2809, p468) was used to test for an

association between species and perch structure.
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4.2.5.3. Preferred poles

Because the poles examined for evidence of rag@mere the same as those examined
for electrocution evidence (see Chapter 2), theameenumber of use points was
calculated for (1) poles without electrocution ende, (2) poles with confirmed

evidence only, and (3) poles with confirmed or urfeened electrocution evidence.

The test for a correlation between the degreepibrgole use and the distance to the
nearest natural perch was carried out using thar8@a’s Rank Correlation procedure
(Zar 1999, p395). This non-parametric test was bseduse data did not meet the
assumptions and requirements of its parametricvatgnt.

All Chi-squared analyses and Log-Likelihood Ratast® were performed using
Microsoft Excel 2000 (Microsoft Corporation 1998pearman’s Rank Correlation was
analyzed with SPSS 12.0 (SPSS Inc. 2003).

All of the above analyses were evaluated usind@mavalue of 0.05.

4.3. Results

4.3.1. Relative Abundance

All raptor species observed during point countsstu@vn in Table 4.3. A high

proportion of birds could not be identified to sigsc As no harriers or eagles were
reported electrocuted by the utility (see Chapjeti® relative abundance of only red-
tailed hawks and Swainson’s hawks were includetieranalyses. Results indicated that
there was no significant difference in the abundasfcdhese two species in the sampling
areas (G = 2.664; df = 1; p = 0.103).
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Table 4.3. Number of each raptor species
seen during all point counts (h=135).

Species Number observed
red-tailed hawk 33
Swainson’s hawk 21
northern harrier 8
bald eagle 1
golden eagle 1
unknown buteo 48
unknown raptor 23

4.3.2. Power Pole Usage

During point counts, one northern harrier and cale lbagle were observed using power
poles, but with such small sample sizes, they wearigted from analyses. The remainder
of the data set consisted of confirmed sightingedftailed hawks and Swainson’s

hawks.

Most red-tailed hawks and Swainson’s hawks weremesl on the wing during point
counts. Forty observations of Swainson’s hawksradetailed hawks were made on
poles and trees during point count surveys (Taldle Additional perch structures
included a fencepost (Krider’s red-tailed hawkjpad (Swainson’s hawk), and a hay
bale (Swainson’s hawk). Results from the point ¢alata indicate that there is no
relationship between species and perch structuiel(818; df = 1; p = 0.313). Similar
results were found using the data on 154 oppotiorigghtings (¥=1.386; df = 1; p =
0.239).

Table 4.4 Number of sightings of each species
utilizing poles and trees diring point counts (n=40),
and during opportunistic sightings (in parentheses)

(n=154).

Species Poles Trees
Red-tailed hawk 11 (98) 10 (21)
Swainson’s hawk 6 (25) 13 (10)
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Observations on power poles during point countshioned with opportunistic sightings

indicated a consistent trend among species; thnaseptangent poles were used more

frequently than other structures by both Swainsbaisks (39%) and red-tailed hawks

(60%) (Figures 4.1 and 4.2). Despite the lack aftmmal surveys, a pair of great horned

owls was also seen (opportunistically) before sean two separate occasions, each

perched on separate three-phase tangent strugtwiese proximity to each other.

Swainson’s hawks spent more time on equipmenttsires such as deadend poles and

transformers than did red-tailed hawks, and spéatgeer proportion of their time on

single-phase tangents (Figure 4.1). Meanwhile tadde hawks were observed more

often on three-phase tangents and transmissios @ Swainson’s hawks (Figure

4.2). Pole use data are listed in Appendix D, Talle

13%

10%

O3TG
aoilTGe
O3DE
O 3XR
B Transmission

@ SP

Figure 4.1. Proportion of Swainson’s hawk sightings opower poles
during point counts and opportunistic sightings (n=31)Categories as
described in Table 2.2. Transmission poles are 72 kV tangestructures.
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Figure 4.2. Proportion of red-tailed hawk sightings on powr poles during
point counts and opportunistic sightings (N=109). Catawies as described
in Table 2.2. Transmission poles include 72kV tangent stotures and
144kV wishbone configurations; “other” includes one sightig each of 3UC
and SP, and three for which the structure types were not reported.

4.3.3. Preferred Poles

Although the theoretical maximum number of pointso&e could receive was 18, the
maximum number observed was 9 points. The frequehpyples in each category of
raptor use based on evidence from whitewash, pealied prey remains is illustrated in
Figure 4.3. Thirteen of the 16 poles in the thrigiadst categories of use were three-
phase transformer structures. When examined upoopmrtional scale, more three-
phase transformer structures than three-phasertapgkes demonstrated high use
(Figure 4.4). However, as Figure 4.5 illustratés, proportion of three-phase transformer
poles assigned to the highest categories (categdraad 6) was reduced when points

assigned to whitewash were eliminated.

As seen in Table 4.5, the average number of rajg®@mpoints was higher at poles that had
confirmed or unconfirmed electrocution evidencenttteose without, when all raptor use
evidence was considered as well as when whitewashewcluded. Conversely, poles

with just confirmed electrocution evidence hadghler average of points than poles
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without electrocutions only when points assigned/itewash were eliminated from the
scoring system (Table 4.5). The total number oh{goassigned to each pole, both
including whitewash and excluding whitewash, arnfibin Appendix D, Table D1.

Distance from the pole to the nearest natural peasbed from 7.5m — >1km, with a
median of 200m. There was a very weak positiveetation between the degree of pole

use and the distance to the nearest natural perci®.(116; p= 0.024).
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Figure 4.3. Number of poles within each category of raptor us& = no
use; 9 = high use (n=379).
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Figure 4.4. Proportion of 3TG (n=57) and 3XR (n=114) des
sampled that were classified to each category of raptor use baseq
whitewash, pellets and prey remains. 0 = no use; 9 = higlse1
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Figure 4.5. Proportion of 3TG (n=57) and 3XR (n=114) pes sampled
that were classified to each category of raptor use based on pedletnd
prey remains only. The number of categories were reduced when points
from whitewash were eliminated. O = no use; 6 = high use.
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Table 4.5. Comparison of the average number of raptor use pdm
assigned to poles with no electrocution evidence compared to tkosith
confirmed evidence only and those with confirmed or unconfirmed
evidence. Total points are shown including those measuringl &pes of
evidence (whitewash (WW), pellets (P) and prey remains (PR)hd those
measuring pellets and prey remains only (n=379 total poles=6
confirmed poles; n=20 confirmed and unconfirmed poles combinec

Avg total points  Avg total points

Pole classification (WW, P, & PR) (P & PR only)
Poles without evidence 2.79 0.32
Confirmed poles 2.17 0.50

Confirmed & Unconfirmed poles 3.15 0.65

4.4. Discussion

4.4.1. Relative Abundance

Patterns of resource use of red-tailed and Swais$@wks are very similar, resulting in
direct competition (Janes 1994). Given the opemtigthabitat of the study area, it was
not surprising that both species were relativelypemn. Although more red-tailed hawks
than Swainson’s hawks were observed during thet gounts, no statistically significant
difference was detected in abundance. This resuitéresting in light of the stark
contrast in number of each species that were regp@lectrocuted (Chapter 3); this
phenomenon will be discussed further in Chapté@\gr half of the raptor sightings
during the counts were not identified to speciesisequently, these results are based on
a relatively small proportion of actual raptor gigs.

4.4.2. Power Pole Usage

This study revealed that there appears to be rferprece for perching on poles or trees
by either red-tailed hawks or Swainson’s hawksia &rea. This is surprising given the
number of red-tailed hawks that were reported edeated in utility reports (Chapter 3).

However, the analysis was run based on the assomipiat although it is easier to spot a
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raptor on a power pole than in a cluster of trédes, this bias is equal between species
because of their similar size and coloration. lmeotwords, there would be an equal
chance of not detecting each species if an indalidias perched in trees. However, if
one of those species truly had a strong preferfmideees, this may lead to incorrect
conclusions regarding preference. Suppose we askdoneexample, a 20% probability
of not detecting each species when they are peraheees. If red-tailed hawks divided
their time equally between poles and trees, whil@iBson’s hawks chose trees over
poles 80% of the time, we would miss more sightioighe latter in trees, thus leading to
incorrect conclusions not only about the percherezices, but relative abundance as

well.

Given that Swainson’s hawks are, in general, mbsnmpen-country hawk than red-
tailed hawks, a more likely explanation is thatr¢henay be a third perching structure,
such as fence posts or hay bales, that Swainsawkdprefer over poles, but were not
examined in this study. If this was to be measumetie future, then results might then
indicate a preference for poles by red-tailed hawkmpared to Swainson’s hawks. This
hypothesis may be supported by the comparativefyelaumber of red-tailed hawks
observed during opportunistic sightings, which waiest often spotted atop power
structures. Indeed, Janes (1994) found that réeldthawks preferred territories with a
higher density of perches as compared to Swains@mwks, indicating that the former

may rely more heavily on utility structures.

Results from combining sightings of raptors onitytstructures from both point counts
and opportunistic observations show that both agfld¢ and Swainson’s hawks use
three-phase tangent structures most often. Thité& would be expected given the
disproportionate representation these structuregpycon the landscape (see Chapter 2).
From a conservation standpoint, this situatiomléal considering the relatively low
proportion of mortality for which three-phase tantgeare responsible. All else being
equal, these structures would logically be the ratisactive to raptors while hunting, as
they offer the most unobstructed landing platfomd giew of the surroundings. The
transmission structures that comprised the majofithe sightings on which red-tailed
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hawks were seen were 72kV tangent structures, warelof a similar configuration to

the three-phase tangents, but larger.

4.4.3. Preferred Poles

Most poles demonstrated little or no evidence ptoause. When all types of evidence
(whitewash, pellets and prey remains) were consitjesixteen poles were classified as
high-use (Figure 4.3), thirteen of which were thpbase transformer structures.
Similarly, when examined from the standpoint ofgmdion of poles of each category
sampled, more three-phase transformer poles thae-ffhase tangents are classified as

high-use (Figure 4.4) which suggests a prefereoicthé former.

These results appear opposite to the apparentrenetefor tangents noted during point
counts and opportunistic sightings. This discreparan likely be attributed to the

amount of equipment and number of crossarms the¢tphase transformer structures
support compared to three-phase tangents. Simp)yhmre is more area onto which
whitewash can fall, thus making it more apt to lassified as a high-use pole. This
becomes apparent when the proportions of the samedle categories are compared
again, excluding whitewash evidence: indeed, prtopuately more tangents are

classified as high use than transformers (Figusk Assessing pole use in the absence of
whitewash is likely more accurate than includin@g the amount of precipitation an area
has recently experienced can strongly influence mueh whitewash is detected at any

given time.

In order to determine whether or not poles involiredonfirmed or possible
electrocutions received more use than poles witatadtrocutions, two comparisons
were made between the average number of pointebkatihese groups, one comparison
including whitewash and one excluding whitewashallrtases except when confirmed
evidence poles were examined using whitewash aeeoe, structures involved in
confirmed or possible electrocutions received mms@ than those that had no evidence
of electrocutions (Table 4.5). This seems to supihertheory that raptors are
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electrocuted more frequently on preferred poles dihovementioned anomaly was
likely a function of the small sample size of comfed poles and the disproportionately
high amount of whitewash that can accumulate ofpeggent structures compared to

tangent poles.

A very weak significant correlation was detectetideen the amount of evidence of use
associated with a pole and the distance to neaa#stal perch. This indicates that while
the hypothesis of a positive correlation betweent#bo variables is better than the null
hypothesis, much of the variation observed remairexplained. This result can be
attributed to the design of this study. Because dhiestion was not an original objective
of this project, it was not designed in a manndydst answer it. As a result, while there
was often much variation regarding preferred puoligsin a very localized area (for
example, a section), the distance to the nearéstaigperch was consistent within the
immediate area. In other words, at a very localeeale, variability in preferred poles
likely were more influenced by structural configiimas and height advantages offered

by the poles themselves, than the environmentabfaxamined.

4.4.4, Summary

A review of this chapter’s objectives and the agded findings are presented here.

1) Quantify the relative abundance of red-tailedvka and Swainson’s hawks in the

sampling area.
Although more red-tailed hawks than Swainson’s lewkre observed in the study area,
this difference in abundance was not significaio Tew other species were sighted for

statistical comparison of relative abundance.

2) Determine whether red-tailed hawks and Swairsbawks demonstrate

preferences for perching on power poles or natpeiches.
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No preferences were detected for perching strudturetherButeospecies.

3) Ascertain whether the abovementioned speciefeipcertain power pole

configurations to others.

Sightings in the field indicated that both rededihawks and Swainson’s hawks
preferred three-phase tangents to equipment stasctwhile evidence of raptors’ use of
the poles initially suggested the opposite, a higineportion of tangent poles were
classified as high-use when points assigned toewlaish were eliminated from the

comparison.

4) Test for a correlation between the degree oéusle and distance to the nearest

natural perch.
A very weak positive correlation was detected betwihe distance to the nearest natural

perch and the amount of evidence of raptor uselaspThe robustness of this result is

guestionable, as surveys were not designed to fadisis objective.
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Chapter 5: General discussion and management reconendations

5.1. Species and Demographic Patterns of Elecimcut

On an evolutionary timescale, mortality of raptbyselectrocution on power lines is a
very new threat. Its effects have been documentezbantless species around the globe,
and it is the primary threat to some endangerediepeDespite having been the subject
of extensive research, this problem still existd Bmot expected to diminish as less-

developed nations become industrialized (Bevan§84)L

After correcting for the effects of scavengerss tleisearch suggests that an estimated
1.01 - 4.26 and 0.02 — 0.23 raptors are lost wtreleution per oilfield and rural section,
respectively, in the study area. This figure extfafes to 542 - 2762 raptors across the
entire 13 400krmstudy area during this period. To put this intespective, this is an
average loss of 3.77 — 19.22 raptors per townghipOal 1-0.53 raptors per section,

during a six-week period in the summer season.

The two species that were reported electrocutélderstudy area between April 2003 and
December 2004, great horned owl and red-tailed hawke also the two most common
non-eagle species reported electrocuted in thatiee. In contrast to most research,
however, no eagles were reported killed in theysarda on the Raptor Electrocution
Forms. This can be attributed to the presence myffesv resident eagles. No ferruginous
hawks, peregrine falcons, or prairie falcons weretl or reported electrocuted during
the course of this project. Although none were olesduring the fieldwork, all three
species have been known to occur, and even bre#uk study area (Chapter 4, Table
4.1). The absence of electrocutions of these specs be attributed to the short
timeframe of the study and naturally low occurreatéhese raptors. Indeed, the
literature has reported electrocutions of theseetlspecies elsewhere (Benson 1981,
Harness 1997; Kruger 2000; Liguori 2003), and ceregrine falcon was reported

electrocuted in the study area after the completidhe data collection. Additionally,
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falconers within Alberta have been known to loseegane and prairie falcons to
electrocution when flying under falconry conditipespecially in wet weather (Alastair

Franke 2005, personal communication).

Although difficult to compare to most electrocutistudies, the data derived through
Raptor Electrocution Forms indicate electrocutiates lower than those reported
elsewhere. This can be attributed primarily tol#wk of many year-round resident

species in Alberta.

Given that there was no statistically detectabieedince in relative abundance of red-
tailed hawks and Swainson’s hawks, it was surggiivat none of the latter were
reported electrocuted within the study area, arig ome report from elsewhere in the
province. Considering that the size range of thasis overlap substantially, it is
unlikely that this phenomenon is the result of ptgisattributes. The mechanism driving
this discrepancy may be behavioral differencesreien the two species that were not
documented by this research project. Althoughghisly did not find any preferences for
perching structure between the two species, pelnaps was a third perching structure
that Swainson’s hawks do prefer but was not sam@eeé study found that red-tailed
hawks more easily relinquished territories with éswerch densities to Swainson’s
hawks, and fiercely defended areas with high pdestsities (Janes 1994), indicating that
the former may rely more heavily on utility polésih the latter. Janes (1994) also
indicated that red-tailed hawks rely more heavityetevated perches for hunting, while
Swainson’s hawks are more prone to hunt on the wihg latter may be more agile
while hunting, as they have higher aspect ratiolangr wing loading compared to red-
tailed hawks (Janes 1994), which would presumafir an aerial advantage. Harness
(1997) also reported many fewer Swainson’s hawés tked-tailed hawks electrocuted
when compiling data from 58 utilities in the westémited States. However, the relative

abundance of each species was not measured.

From a demographic perspective, adult female raptothe study area appear most
vulnerable to electrocution. This is consistentwather studies that have examined this
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issue on summering raptor species. This phenomeragrhave considerable impact on
populations, as it tends to eliminate the largest@ossibly the healthiest birds in the
population; the magnitude of this effect is likédybe much greater on threatened or
endangered species. Within Alberta, this may k&petific concern with respect to

ferruginous hawks, peregrine falcons and prairieofas.

5.2. Lethal Structures

From both fieldwork and utility reports, three-pbadsansformer structures were indicated
as the most lethal to raptors. These poles have fegpeatedly identified in the literature
as the most hazardous configuration. The factdbuate raptors (particularly owls) have
been killed on these poles in association withey jiem suggests that they use large,
flat, transformer boxes as feeding platforms. Thisomewhat surprising, given the
complexity of equipment on the structure; the waystriransformer poles are designed, a
bird can only approach it from three sides, agthle blocks the fourth direction. It

would seem logical that a raptor should preferetdfon a platform that (1) is easier to
alight and take off from and (2) provides woodeatiing rather than the more slippery
metal. The fact that raptors still opt for theséepsuggests that there may be another,
less obvious factor that attracts them. Perhappdleon one side of the transformer
offers a sense of security from potential preyueg Alternatively, the transformer may
provide warmth that other poles do not, which wdagdbeneficial in the winter. The

third potential explanation is that the electrometgnfield surrounding the transformer is

attractive to birds. Clearly, further research &ranted in this area.

Other equipment structures such as riser strugtsmege-phase transformers, deadend
poles and cutout structures were also responsibla $ubstantial portion of mortality.
Three-phase tangents were least likely to poseeattto owls and hawks when compared
to the relative occurrence of these structuredhieni@ndscape. Single-phase tangents also
appeared relatively safe through the Raptor Eleatron Forms and through fieldwork;

however, these poles were not sampled heavily gdiehd surveys because they were
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seldom encountered in oilfields where the work s@sducted. Conversely, they were
identified as the single most dangerous structusadgh anecdotal evidence, providing
support to the hypothesis that there may be a deraile discrepancy between events
that cause outages and the true number of eletimasuthat occur. When a raptor is
electrocuted on a tangent structure, it may in soases be blown right off the pole, and
not caught up on pole-mounted equipment, thus ngakieasier for the line to reset itself
and not result in an outage and subsequent inagistig(Harness 1997). Finally, three-
phase gang structures were not incorporated ietootial mortality estimates, as they
were not encountered during the power pole invgnoespite their relatively low
occurrence on the landscape, they are sometimeb/@w/in electrocution incidents, as

evidenced by the one report submitted by the yiithapter 3).

Clearly there is a large discrepancy between timetyen of electrocutions reported by the
utility and the estimates obtained from field syeHowever, the latter estimate
incorporates all mortalities that did not caus@waégr outage and thus would not have
warranted an investigation, and those for whiclnaestigation took place but a carcass
was not detected. Because of the uncertainty inbh@&re¢he unconfirmed remains that
formulate the upper range of the estimate, the l@me of this range is likely a more
accurate reflection of true mortality as it incorgied only confirmed electrocutions.
Additionally, extrapolating the results to a muahger area than that which was sampled
may have decreased the accuracy of the estimatayge this extrapolation assumes that
all variables, including raptor density, scavengangssure, and prey abundance, remain
constant. Regardless of the size of the discrepainisyclear that electrocution causes

considerably more deaths than are detected byieletitities.

The scavenging results suggest that surveys seel@ogiocution evidence should be
conducted at much shorter time intervals than wgsstically possible in this study. Even
after seven days, scavengers had removed almdsifitaé carcasses; accordingly, it is
imperative that scavenging pressure be taken otoumt by any research that conducts

similar surveys.
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5.3. Positive and Negative Effects of Power Poles

Indeed, power poles represent a tangible sourogodfality for certain raptor species.
Yet these same power poles serve a variety of dtimetions as they offer much-needed
hunting perches and nesting platforms. This thesgnts the question: do power poles
have a net positive or a net negative effect otorap This question cannot be answered

in its entirety based on this research, but a dision seems warranted.

Utility structures have undoubtedly opened up laltitat was once unavailable for open-
country raptor species. Human settlement in nggra@ies and subsequent cultivation of
the land has led to changes in the diversity, caitipn, and abundance of prey such as
ground squirrels (Zelenak and Rotella 1997; Kaufreiiaal. 2000), other rodents (Kirsch
1997; Kaufman et al. 2000) and lagomorphs (Zimmearetaal. 1996). Anthropogenic
alteration of the land intensified as human denisityeased, and large-scale farms and
oil and gas extraction necessitated a network adsand subsequent power lines that
typically follow the same right-of-way. As roada@imented the landscape, edge effects
ensued, such as the introduction of non-nativesgsas the roadside ditches
(Zimmerman et al. 1996; Kirsch 1997; Kaufman eR800). The comparatively dense
vegetation present in roadside ditches provideslext cover for small mammals.
Therefore, compared to adjacent agricultural fietdadside ditches offer a higher
diversity and abundance of prey (Kirsch 1997), ltesyin superior hunting

opportunities for raptors (Zimmerman et al. 1998)us, utility structures provide an
opportunity for raptors to exploit a food resouticat would be otherwise largely

unavailable to predators that prefer the sit-and-lanting technique.

Whether or not power poles produce a net positiveeb negative effect on raptors
cannot be stated unequivocally. The net effect We@gpen whether the presence of utility
structures has actually increased the populatidexding pairs of any given species. In
cases where electrocution has been cited as ahe pfimary causes of mortality for a
species, the increase in breeding pairs, if indkeeck is one, may not offset losses from

electrocution. For species that are threateneddaregered by extrinsic factors, mortality
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by electrocution may inevitably compound the prablgy removing breeding females
that are crucial to maintaining the genetic divigrand structure of the population in the

long-term.

For raptors for which the net effect is unknownsimore appropriate from a raptor
conservation standpoint to exercise the precautygonciple, and minimize this source
of mortality as much as possible. The followingtestdescribes suggested methods for

accomplishing this.

5.4. Management Recommendations

The ideal situation when trying to minimize rapébectrocutions on power lines is to
incorporate raptor protection into the design afestructure. Although the United States
Bureau of Land Management incorporates requirenfentaptor protection into its
operations manual (APLIC 1996), this is not theedasCanada. Currently, the Canadian
Electrical Code, which is mandated by the Cana8immdards Association, does not

include guidelines for raptor protection (Garth &y 2005, personal communication).

Nonetheless, many electric companies have incotgaiauch considerations into current
construction standards. While this is the mostatiffe solution in the long-term, it only
serves to protect raptors on future poles. Givermptiolonged lifespan of power poles,

retrofitting existing structures is crucial to prdwg safety to raptors in the interim.

The Avian Power Line Interaction Committee recomdsemaintaining 60 inches
(152.4cm) of clearance between energized phasdd CAF996). This guideline was set
based on wrist-to-wrist measurements of goldenesagiowever, because this research
project did not identify eagles to be at high rdlelectrocution in the study area, the

focus of the following recommendations are prinyatd protect hawks and owls.
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Published wrist-to-wrist measurements of red-tailad/ks and great horned owls were
not found, however | had the opportunity to meashree great horned owls that were
admitted to a local wildlife rehabilitator. The dgst of the three was an adult female with
a wingspan of 132cm, and a wrist-to-wrist measurgroe53.5cm. This likely is not
representative of the largest of this speciesjgsFand Acorn (1998) report wingspans
up to 152cm, substantially larger than what | meaduAdditionally, Rick Harness

(2005, personal communication) provided an 81.3cistyo-wrist measurement of a
red-tailed hawk that had a wingspan of 137cm, wknalk measured by Carin Avila of

the Rocky Mountain Raptor Program. Again, becahsespecies can have wingspans up
to 147cm (Fisher and Acorn 1998), this measurernsdikely not representative of the
largest birds. Based on the above measurementaisanvative estimate of a safe

clearance for these species is 90cm (35.5 inches).

Ideally, standards should be maintained to praagtes as well. However, given the
absence of electrocution of these birds in theystwda and the frequent mortality of
hawks and owls, priority should be to address ttgsetures associated with these
deaths before retrofitting, for example, three-ghasgent structures, which are more
dangerous to eagles but relatively safe to hawksoarls. Fortunately, most of the
recommendations below will still meet the 60-inelquirement, and will protect eagles
as well. However, if the recommendations are tarijemented beyond the study area,
population surveys of eagles are necessary prianygole modifications to determine

the appropriate minimum clearances.

In this section, without referencing the cost dfatting particular structures, | will
outline considerations and recommendations for npldtility structures safer for
raptors. First, | will list coarse-scale prioritiggat do not apply to specific power poles in
general, but that should be incorporated into mamegt plans. Second, | will outline
general rules applicable to any structures thatatorthe features mentioned. Last, | will
present the fine-scale prioritization system farafitting individual structure designs
that should be used in within the coarse-scaledwmonk. All items within the coarse-

and fine-scale prioritization systems are listedriger of highest priority to lowest. With
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the exception of the item denoted by (*), all ceussale priorities and general rules are
based on suggestions by APLIC (1996) and Harn€&s¥)(2005). Although these

recommendations are consistent with the findingkisfstudy, they were not explicitly

formulated as a consequence of this project.

Coarse Scale Priorities

1.
2.
3.

Structures known to have electrocuted raptotearpast.
Structures that are known or suspected prefeoéss.
Structures located within 1km of a known raptest.

General rulesfor all power structureswith wood poles with wood crossarms (in no

particular order)

1.
2.
3.

Provide 90cm separation in great horned owlradetailed hawk habitat*.
Provide 152.4cm (60”) separation in eagle habita

If the above clearances cannot be providedandkpective habitats, isolate or
insulate the primary configuration.

Install bushing covers on equipment (transfosnexgulators, capacitors, and
reclosers).

Cover exposed jumpers wires (preferred) or atsulvith weatherproof copper
wiring.

Install insulating caps on lightning arrestors.

Insulate or isolate cutouts.

To reduce phase-to-ground contacts, all guysatiiat extend near conductors
should be fitted with a guy strain insulator or demductors should be insulated.

Metal crossarm support braces should be replagegod.
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Specific Context Prioritization System

1. Transformer Structures (3XR, 1XR): Apply bushing caps and insulate all
jumper wires; apply cutout covers; insulate alhtigng arrestors

2. Three-phase overhead to underground riser strucires (3UG):insulate stress
cones with caps; insulate all jumper wires; appitoat covers; insulate all
lightning arrestors

3. Single-phase deadend structures (1DE, 1DDgdd a non-conductive extension
link; insulate jumper wires

4. Three-phase deadend structures (3DE, 3DD, 3DEM):

a. Where there are horizontal insulators onigsulate aljumper wires; add
a non-conductive extension link or a deadend caldwover to the
central conductor

b. Where pin-type insulators connect to horizontallators: reroute jumper
wires on outer conductors beneath crossarm; iresalajumper wires; add
a non-conductive extension link to central conduotoa deadend
conductor cover

5. Three-phase cutout structures (3FU)insulatgumper wires between cutouts
and conductors above; apply cutout covers
6. Three-phase tangent structures (3TG):

a. Standard configuration (if bird previously electrded at structure):
apply a conductor cover to center insulator or sadpouter insulators
below the crossarm

b. With two insulators on one side of the crossaapply a conductor cover
to the insulator closest to the pole; a perch deteican also be used to
shift the bird to the opposite side of the crossarm

7. Three-phase capacitor banks (3CB)apply caps to all bushings; insulate all
jumper wires; insulate all lightning arrestors
8. Three-phase gang switches (3GAnsulate aljumper wires; install an elevated

perch above any problem switches
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This prioritization system is based upon structtines were identified in raptor
electrocution events during this research projéct.important to note that other
potentially dangerous structures exist that shbeldetrofitted as necessary based on the
principles inherent in the above recommendationgthiermore, although | did not

include specific guidelines for future designsytsbould incorporate the above
recommendations to eventually phase out the négeggpole modification. Based on

the structure inventory and data collected on tapt& Electrocution Forms, | estimate
that if all but the tangent poles are retrofittedhe order listed above, that 96% of

electrocutions could eventually be eliminated byafitting 32% of poles.

In addition to the abovementioned recommendationsetrofitting individual poles, key
raptor breeding areas should be identified anddeebiwhen planning power line routes

in order to reduce the potential for electrocuiiothe future.

5.5. Future Research

While this research has identified some of the &amental mechanisms behind raptor
electrocution in Alberta, more research needs todmglucted in this area and elsewhere.
First, a comparative before and after field teghefefficacy of the above retrofitting
options is necessary. As seen by the evidencesofretution collected beneath
structures that have been modified for raptor gafattigation measures are not always
successful, at least in the long-term; ongoing taoimg is necessary to replace
ineffective, degraded or weathered pole modificeticAdaptive management should be
continued indefinitely, as more research and ndutisns and products become
available. Second, behavioral studies should addhesmechanisms behind the
attraction of raptors to transformer structureshsd a solution can be developed to
discourage raptors from using these structuresedntirhird, it would be valuable to
have a cost-benefit analysis conducted to comp@redsts of placing new lines
underground as compared to the those incurred éyeagground construction plus costs

incurred by avian related power interruptions.
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Appendix A. Photos of poles as categorized in Tab®2. Photos were not available fc
1CR and 3GA.

Figure Al. Single-phase transformer pole Figure A2. Three-phase transformer pole
(IXR). (3XR).

Figure A3. Single-phase cutout pole (1FU).
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Appendix A (con't). Photos of poles as categorized Table 2.2.

Figure A4. Three-phase cutout pole (3FU).

Figure A5. Single-phase deadend pole (1DE) (in this casegdain by a three-
phase tangent pole).
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Appendix A (con't). Photos of poles as categorized Table 2.2.

Figure A6. Three-phase deadend pole (3DE).

Figure A7. Three-phase corner pole (3CR
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Appendix A (con't). Photos of poles as categorized Table 2.2.

Figure A8. Single-phase tangent pole
(1TG).

Figure A10. Single-phase recloser pole Figure A11. Three-phase recloser pole
(1RC). (3RC).

Figure A9. Three-phase tangent pole (3TG).
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Appendix A (con't). Photos of poles as categorized Table 2.2.

Figure Al12. Singlephase double deader Figure A13. Three-phase double deadend
pole (1DD); this pole has been modified pole (3DD).

the utility by looping the jumper wire to the

side instead of over the pole top, after a red-

tailed hawk had been electrocuted on tt

structure.

Figure A14. Three-phase modified deadend (3DEM).

113



Appendix A (con't). Photos of poles as categorized Table 2.2.

Figure A15. Single-phase regulator bank Figure A16. Three-phase overhead to
(1RB). underground riser pole (3UG).

Figure A17. Three-phase capacitor bank Figure A18. Service pole (SP).
(3CB).
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Appendix B. Sample equation of procedure to obtaifinal mortality estimates (as described
in {2.2.6.3)

Calculations to determine equivalent number of towships:

Study area size = 143.7 townships, or 13 400km

1. For every township in the study area, the priopoof oilfield, rural and areas with no
poles was determined based on ocular estimatég df:20 000 and

1:40 000 study area maps.

2. The proportion of oilfield areas was summedi@r 143.7 townships. The table below

demonstrates this process. The numbers in the “TIOTéw is the true “equivalent
number of townships” that were calculated for tialtmortality estimates.

Proportion | Proportion | Proportion

Oilfield Rural No poles TOTAL
TWP 1 0.00 0.80 0.20 1.00
TWP 2 0.05 0.70 0.25 1.00
TWP 3 0.10 0.90 0.00 1.00
TOTAL 12.67 98.13 32.89 143.6]

Calculations to determine total mortality estimates

For this example, | will be obtaining the minimustimate of mortality on three-phase

(3XR) structures in oilfield areas using the follogyinformation:

* i =three phase transformer poles (3XR)

« j=oilfields

* Atotal of 114- 3XR poles were sampled duringshevey

» Four confirmed electrocutions were found beneaghlthd — 3XR poles

* 191- 3XR poles were counted within the 21 oilfiskttions inventoried

» Within the study area, oilfield regions cover aaaaequivalent to 12.67 townships
in size, or 1181 ki
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1. MRATE = NODEAD [Eq. 2.4]
POLES

MRATE high= 4/114 =0.035

The average rate of mortality on 3XR poles in oililds is 0.035 raptors per pole.

INV,
2. AVG.DENS = —L [Eq. 2.5]
SEC

AVG.DENS;= 191/21 = 9.095

The average density of 3XR poles in oilfields is@5 per section.

3. DEAD.SEG = AVG.DENS; * MRATE; [Eq. 2.6]

DEAD.SEC;= 9.095*0.035 = 0.319

An estimated 0.319 raptors are killed on 3XR poleper oilfield section.

(Note: in Table 2.9, estimates have already beenjadted for scavenging, which
multiplied the DEAD.SEC;; estimate by 2.13 (see below). Thus, the above valof

0.319 is displayed as 0.68 in Table 2.9. For the qpose of this example, this
scavenging factor is converted at the end.)

4. DEAD.TWP; = DEAD.SEG * 36 sections/township [Eq. 2.7]
DEAD.TWP;; = 0.319 *36 = 11.49

An estimated 11.49 raptors are killed on 3XR polepger oilfield township.
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5. DEAD.SA; = DEAD.TWR; * number ofj-density townships in the entire
study area [Eq. 2.8]

DEAD.SA; =11.49 *12.67 = 145.6

An estimated 145.6 raptors are killed within the dfield regions in the study area on
3XR poles.

All estimates were multiplied by 2.13 to account floscavenging (assuming 145.6 is
47% of the actual mortality (as discovered during savenging assessment), the
corrected number is 310).

The above calculation is theninimum estimate of mortality in oilfield areas in the
study areaon 3XR poles.

2 15
6. TOTALDEAD = ) » DEADSA [Eq. 2.9]

=1 i=1

As written in Eq. 2.9, to provide thetotal minimum estimate of mortality on all poles
in the study area on 3XR poles (which is based owmfirmed electrocutions only),
this equation sums:

(1) the estimatedminimum number of electrocutions on 3XR poles imigh-
density areas (310) and

(2) the estimatedminimum number of electrocutions on 3XR poles imural areas
(14 — calculations not shown here).

This is done for every category of pole.
Similarly, this procedure is done for the totalmaximum estimate of mortality in the

study area (which is based on confirmed and uncomfned electrocutions), to
provide the range displayed in Table 2.10.
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Appendix C. Sample Raptor Electrocution Form

Observer(s):

Date of discovery:

Approximate date & time of incident:

Case # (pls label bird with this #):

POLE LOCATION/IDENTIFICATION

District: Line #: Structure #:

Legal Land Description:

POLE CONFIGURATION

Please select voltage:

O 144 kV 072 kv O 25kV O 14.4kV O 7.2kv
Identify Structure type from the Distribution or Transmission Construction Standards Manual:

Total # and placement of energized conductors (optional)

Is there a double circuit (optional)?00Yes O No
List any mounted equipment (optional):

Are there exposed parts (such as cutouts, lightning arresters, jymer wires) (optional)? OYes [No
If so, please specify:

Are guy wires present?0 Yes [ No If so, are they insulated?0Yes O No

Crossarm material: COwood O steel O fiberglass
Location of bonding wire: O below crossarm O top of pole O side of pole

Is this structure: Oold design O new design
Current bird protection on structure (if applicable):

Structure Diagram:

Please use the space to the left to draw
diagram of structure. On the diagram,
please indicate as precisely as possible
where the bird made contact with the
structure (and/or its equipment) to the
best of your knowledge.
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Was there something abnormal about the structure that could hae contributed to the incident?

What damage was caused to the structure by the bird?

MORTALITIES/INJURIES

** PLEASE INCLUDE PICTURE OF POLE AND PICTURE OF Bl RD (FRONT AND BACK)
FOR IDENTIFICATION PURPOSES**
**IF INJURED BIRD FOUND PLEASE CONTACT NEAREST FISH & WILDLIFE OFFICE**

Status O dead O injured Number of Individuals Location of bird with respect to
pole (hanging, distance from base, etc):

Family: O Hawk OEagle OOwl 0O Falcon O Other:
Species (if known):
Age: O Adult O Juvenile O Unknown Sex: OMale 0O Female OUnknown
Please record Wing Spread and Beak to tail distance measures (cim}the space provided:

A

Beak to talil

<4— Wingspan —J

Beak to tail distance (cm): Wingtip to wingtip distance (cm):
Band Number (on leg)(if applicable):

Disposition of carcass (see below):

*ALL CARCASSES MUST BE BAGGED, LABELLED (LOCATION, DATE), FROZEN AND
SENT TO THE FISH & WILDLIFE OFFICE IN FORT MCMURRAY  OR STETTLER.

LIVE SPECIES OBSERVED

Please list any live raptors observed in close proximity to thstructure (# and species if possible):

Please indicate if present on or near pole:C0Pellets O Whitewash O Prey remains O Nest
O Evidence of food supply (gophers, waterfowl, carrion, garbage)

O Other:
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Appendix D: Data Tables
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Table D1. Condensed electrocution evidence survendpreferred pole data (n=379 poles).

E 1% T EE
@ < ) Q ol O
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38320 1 3TG ST 3PEFN 150 0 0 CR UN1 N JL 6 N
3820 2 1FU ST 3PFEN 150 0 0 CR UON 1 N JL 6 N
3820 3 3TG ST3PFN 75 1 0 CR UN1 N Jb 6 N
38320 4 3TG ST3PFN 120 1 1 CR UON1 N JL 6 N
38320 5 1FU ST 3PEFN 220 2 1 CR UON1 N JL 6 N
3820 6 3TG ST3PFN 320 0 0 CR UON 1 N JL 6 N
3820 7 1FU ST 3PEFN 75 2 0 HS UON1 N J 9 N
38320 8 1FU ST3PFN 40 0 O PA UN 1 N JL 9 N
38320 9 3TG ST3PFN 30 2 0 PA UNI1I N JL 9 N
3820 10 3FU ST3PFN 30 1 0 PA UN1I N J 9 N
3820 11 3DE ST3PFN 40 1 0 PA IUN1 N J 9 N
3820 12 3TG ST 3PFN 175 1 1 PA UN 1 N JL 9 N
3320 13 3XR ST 3PFN 150 5 1 PA IUN1 N JL 9 N
3820 14 3TG ST3PFN 35 2 0 PA UNI1 N J 9 N
3820 15 3FU ST3PFN 80 5 0 PA IUN1 N J 9 N
3820 16 3TG ST 3PF N 575 3 0 CR UN 1 N JL 9 N
38320 17 3XR ST3PFY 10 1 O AP UN1 N JL 9 N
3820 18 3TG ST 3PFN 150 5 0 PA JN Zz N J 9 N
3820 19 3TG ST3PEFN 75 0 O PA IJN Zz N J 9 N
3820 20 3TG ST 3PF N 150 0 O PA JUN Z N JL 9 N
3320 21 1XR ST 3PEFN 250 4 1 PA JN Z N JL 9 N
3720 1 3TG ST3PEFN 50 1 0 PA JN Z N J 9 N
3720 2 3DE ST3PEFN 30 2 0 PA IJN Z N JL 9 RU GHOW
3720 3 3DE ST3PFN 20 1 O PA JUN Z N JL 10 N

! Categories as described as Table 2.2

2ST = Stettler; FB = Forestburg; CO = Consort

3 1PH = single-phase; 3PH = three-phase; SP = service pole

* Total raptor use points based on evidence of whitewash, patiésrey remains. 0 = no use; 9 = hige u
® Total raptor use points based on evidence of pellets anderayns. 0 = no use; 6 = high use

® AP = aspen parkland; CR = cropland; HS = human settlemant;fasture

"IN = June; JL = July; AG = August

8 RC = confirmed raptor; RU = unconfirmed raptor; OC keotspecies confirmed; OU = other species
unconfirmed

® AMCR = American crow; BBMA = blaclilled magpie; CORA = common raven; GHOW = great ho
owl; GOEA = golden eagle; NOFL = northern flick€rqlaptes auratus RTHA = red-tailed hawk; STGR
= sharp-tailed grous@'ympanuchus phasianelli&) = unable to identify
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Table D1 (con't). Condensed electrocution evidencirvey and preferred pole data.
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3720 7 3DEM ST 3PF N 150 0 0O PA JN 2 N JL 10 RC GHOW

3720 9 1XR ST 3PFY 210 4 2 PA JN 2 N JL 10 N

37 20 11 3DE ST 3PF N 220 2 0 PA JUN 2 N JL 10 N

3720 13 1SP ST SFN 70 3 0 PA JN 2 N JL 10 N

37 20 15 1DE ST 3PF N 138 6 1 PA JN 2 N JL 10 N

3720 17 3DD ST 3PF N 300 3 1 PA JN 2 N JL 10 N

3720 19 1FU ST 3PFN 25 0 O PA JUN 3 N JL 11 N

3720 21 3TG ST 3PF N 100 2 0O AP JN 3 N JL 11 N

36 20 2 3FU ST 3PFN 200 4 0 CR JN 3 N JL 11 N

3¢ 20 4 3TG ST3PFN 300 1 0 PA JN 3 N JL 11 N

3620 6 3XR ST 3PFY 200 6 1 PA JN 3 N JL 11 N

320 8 3XR ST 3PFY 200 7 2 PA JN 3 N JL 11 N

36 20 10 3TG ST 3PF N 225 3 0 PA JN 3 N JL 11 N

mammal
36 20 12 1SP ST SFN 300 6 4 PA JN 30U sp. JL 11 N

36 20 14 3XR ST 3PF N 400 9 6 PA JN 3 N JL 12 N

3816 1 1SP ST SFN 90 3 0 PA JN 4 N J 7 N

3816 3 3DE ST 3PFN 950 0 0 PA JN 4 N J 7 N
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Table D1 (con't). Condensed electrocution evidencirvey and preferred pole data.
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mammal
3816 5 3DEM ST 3PF N 750 5 1 PA JN 4 OU S JL 7 N

3816 7 3DD ST 3PFN 90 5 0 CR JN40U STGR JL 7 N

3816 9 3DD ST 3PFN 90 2 0 CR JN 4 N J 7 N

3816 11 3UG ST 3PFN 450 1 O PA JUN 4 N J 7 N

38 16 13 3TG ST 3PF N 300 3 1 PA IUN 4 N J 8 N

3816 15 3TG ST 3PF N 875 2 1 PA JN 4 N J 8 N

38 16 17 3FU ST 3PFN 70 1 0O PA JN 4 N J 8 N

3816 19 3FU ST 3PF N 100 1 0 PA JN 4 N J 8 N

3817 2 3D ST3PFN 75 1 0 PA JN 4 N JL 22 N

3817 4 3XR ST3PFY 10 0 O PA JUN 4 N JL 22 N

3817 6 1DE ST 3PF N 400 4 0 CR JN 4 N JL 22 N

3817 8 1SP ST SFN 18 2 0 PA IJN 4 N JL 22 N

38 17 10 3XR ST 3PF N 150 4 0 PA JN 4 N JL 22 N

4C 10 2 3DEM FB 3PF N 80 O O CR JN £ N JL 17 N

4010 4 3XR FB3PFN 175 4 0 CR JN £ N JL 17 OU AMCR

4C 10 6 3XR FB 3PF N 200 6 0 CR JN £ N JL 17 N

4010 8 3DE FB3PFN 225 1 0 CR JN £ N JL 17 N
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Table D1 (con't). Condensed electrocution evidencirvey and preferred pole data.
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40 10 12 3XR FB 3PFY 200 4 0 CR JUN 5 N

4C 10 14 3TG FB 3PF N 100 0 0 CR JN 5 N JL 17 N

40 10 16 3FU FB 3PF N 100 0 O PA JUN 5 N JL 17 N

4C 10 18 1FU FB 3PF N 113 1 0 PA JN 5 N JL 17 N

4011 2 3DE FB3PFN 150 4 0 CR JUN 5 N JL 18 N

4C 11 4 1DE FB 1PF N 250 4 0 PA JN 5 N JL 18 N

4011 6 3XR FB3PFN 125 1 1 CR JN 6 N JL 18 N

4C 11 8 3TG FB 3PF N 325 2 0 CR JN 6 N JL 18 N

40 11 10 3DE FB 3PF N 75 2 0 AP JUN 6 N JL 18 N

4C 11 12 1SP FBL SFN 200 5 0 HS JUN 6 RU GHOW JL 18 N

4C 11 14 1SP FB 3PF N 45 3 0 CR JN 6 N JL 18 RU RTHA

40 11 16 3XR FB 3PF N 45 6 1 AP JN 6 N JL 18 N

40 11 18 3XR FB 3PFN 70 5 0 AP UJN 60C CORA JL 18 N

4C 11 20 1SP FBL SFN 15 3 1 AP JN 6 N JL 18 N

40 11 22 3TG FB 3PF N 70 4 0 CR JN 6 N JL 18 N

4C 11 24 1SP FBL SFN 300 1 0 CR JN 6 N JL 18 N

40 11 26 3XR FB 3PFY 100 4 0 CR JN 6 N JL 18 N
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Table D1 (con't). Condensed electrocution evidencairvey and preferred pole data
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4C 11 28 3DE FB 3PN 150 1 O AP JUJN 6 N JL 18 N

4C 11 30 3XR FB 3PFY 100 4 0 CR JN 6 N JL 20 N

40 11 32 3DD FB 3PF N 15 2 0 AP JN 6 N JL 20 N

4C 11 34 3DE FB 3PF N 200 1 0 CR JN 7 N JL 20 N

40 11 36 1SP FBL SF N 250 8 3 CR JUJN 7 N JL 20 OU U

4C 11 38 1DE FB 1PF N 100 3 0 CR JN 7 N JL 20 OU U

40 11 40 3XR FB3PHY 200 3 0 CR JN 7N JL 20 N

40 11 42 3XR FB . SPN 60 3 0 CR JN 7N JL 20 OU U

40 11 44 3XR FB 3PF N 225 3 0 CR JUJN 7N JL 20 N

4C 11 46 1SP FB 3PF N 200 0 0 CR JUN 7 N JL 20 N

40 11 48 3XR FB 3PFN 20 1 O PA IJN 7N JL 20 N

4C 11 50 3DD FB 3PF N 20 5 1 PA IUN 7 N JL 20 N

40 11 52 3DE FB 3PFN 25 0 O CR JUJN 7N JL 20 RU GHOW

4C 11 54 3DE FB 3PFN 75 0 0O PA IJN 7 N JL 20 N

40 11 56 3XR FB 3PF N 50 2 0 PA IJN 7N JL 20 N

4C 11 58 3XR FB 3PFY 20 3 0O PA IUN 7N JL 21 N

40 11 60 3DE FB 3PF N 70 O O PA UN 7N JL 21 N

4C 11 62 3XR FB 3PF N 150 4 0 PA IJN 8 N JL 21 N
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Table D1 (con't). Condensed electrocution evidencirvey and preferred pole data.
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40 11 66 3DE FB 3PF N 15 8 N

4C 11 68 3UG FB 3PF N 300 4 0 PA JN 8N JL 21 N

40 11 70 3TG FB 3PFN 15 2 0 AP JN 8N JL 21 N

3¢ 4 1 1SP CO SFN 500 1 0 PA JN 13RU Raptorsp JL 29 OU STGR

36 4 3 3TG CO3PFN 600 4 0 PA JN 13 N JL 29 N

36 4 5 3DEMCO3PHN 400 4 0 CR JN 1N JL 29 OU U

36 4 7 1SP CO SPN 550 0O O PA JN 13N JL 29 N

36 4 9 3XR CO3PHY 450 6 0 CR JN 14N JL 29 OU AMCR

36 4 11 3TG CO3PHN 350 5 1 PA JN 14N JL 29 OU )

3¢ 4 13 1SP CO SFN 200 6 4 PA JN 14 N JL 29 RU GHOW

36 4 15 1SP CO SFN 75 2 0 CR JN 14N JL 29 N

3¢ 4 17 3CR CO3PFN 500 4 1 CR JN 14 N JL 30 N

3¢ 4 19 3FU CO3PFN 700 1 0 CR JN 14 N JL 30 N

3¢ 4 21 3XR CO3PFY 400 4 0 CR JN 14 N JL 30 N

3¢ 4 23 3XR CO3PFY 600 4 0 CR JN 14 N JL 30 N

3¢ 4 25 3XR CO3PFN 800 0 0O PA JN 14 N JL 30 N

36 4 27 1SP CO SFN 700 0O O PA JUN 14 N JL 30 OU )
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Table D1 (con't). Condensed electrocution evidencirvey and preferred pole data.
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3 4 29 3XR CO3PHY 700 1 0 PA JUN 14 N JL 30 N

36 4 31 3XR CO3PFY 500 2 0 PA JUN 14 N JL 30 RC RTHA

3¢ 4 33 3XR CO3PFY 700 3 0 PA JN 14 N JL 30 N

36 4 35 1SP CO SFN 700 4 2 PA JUN 14 N JL 30 N

3¢ 4 37 3TG CO3PF N 1000 0O 0O PA JN 18 N JL 30 N

36 4 39 3XR CO3PFN 80 4 1 PA JN 15N JL 30 N

3¢ 4 41 3DE CO3PFN 90 3 0 PA JN 18N JL 30 N

36 4 43 3DE CO3PF N 1000 1 0O PA JN 15 N JL 30 N

3¢ 4 45 3XR CO3PFY 500 4 0 PA JN 18N JL 30 RC RTHA

36 4 47 3XR CO3PFN 50 3 1 PA JN 150U BBMA JL 30 OU Duck sp.

3¢ 4 49 3DD CO3PF N 150 6 O PA JN 18 N JL 30 N

36 4 51 3XR CO3PFY 100 2 2 PA JN 15RU Raptorsp JL 30 OU Corvid s

36 4 53 3XR CO3PFY 100 2 0 PA IJN 15N JL 31 RU GHOW

3¢ 4 55 3DE CO3PFN 100 2 0 PA JN 180C BBMA JL 31 RU GHOW

36 4 57 3XR CO3PFY 600 4 1 PA JN 15N JL 31 N

36 4 59 3XR CO3PFY 800 6 0 PA JN 160U Corvidsp. JL 31 N

36 5 2 3XR CO3PFN 300 6 1 PA JN 1€ N JL 31 OU Corvid sp.

3¢ 5 4 3XR CO3PFN 163 7 0 PA JN 1€ N JL 31 N

365 6 1DD COIPFN 50 4 1 PA JN 160U Gulisp. JL 31 RU Raptor sp.
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Table D1 (con't). Condensed electrocution evidencirvey and preferred pole data.
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8 1SP CO SFN 100 4 0 HS JN 1€ N JL 31 OU U

36 5 10 3FU CO3PF N 450 3 0 PA JN 1€ N
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3¢ 5 12 3DE CO3PFN 350 4 0 PA JN 1€ N JL 31 N

36 5 14 3XR CO3PFN 250 4 0 PA JN 1€ N JL 31 N

3¢ 5 16 3XR CO3PFY 150 7 2 PA JN 1€ N JL 31 N

3¢ 5 18 3DE CO3PF N 160 3 0 PA JN 1€ N JL 31 N

3¢ 5 20 3DE CO3PF N 125 3 0 PA JN 1€ N JL 31 N

36 5 22 3XR CO3PFN 30 8 3 PA JN 160U BBMA JL 31 RU GHOW

3¢ 5 24 3DE CO3PF N 425 8 3 PA JN 17 N JL 31 OU Corvid sp.

3¢ 5 26 3DbD CO3PFN 250 4 0 PA JN 17 N AG 1 N

3¢ 5 28 3DE CO3PFN 400 6 1 PA JN 17 N AG 1 N

36 5 30 3XR CO3PFY 100 7 O PA JUN 17 N AG 1 OU AMCR

37 4 2 3TG CO3PFN 300 1 0 PA JN 17 N AG 1 N

mammal
37 4 4 3XR CO3PFN 100 5 1 PA JN 170U sp. AG 1 N

36 5 32 3XR CO3PFY 250 9 3 PA JN 180U BBMA AG 1 OUCorvids

3¢ 5 34 3DD CO3PFN 150 4 0 PA JN 18 N AG 1 OU BBMA

36 5 36 3XR CO3PFY 550 3 0 PA IJN 18 N AG 1 N

3¢ 5 38 3DE CO3PF N 325 4 0 PA JN 18 N AG 1 N
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Table D1 (con't). Condensed electrocution evidencirvey and preferred pole data.
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Passerine

36 5 40 3FU CO3PFN 450 1 0 PA JN 180U sp. AG 1 N

3¢ 5 42 3DE CO3PF N 400 3 0 PA JN 180U BBMA AG 1 OU U

36 5 44 3DE CO3PF N 400 3 3 PA JN 18 N AG 1 N

3¢ 5 46 3XR CO3PFY 200 6 0O PA JN 18 N AG 1 N

Blackbird
36 5 48 1SP CO SFN 225 5 0 PA JN 180U U AG 2 OU sp.

3¢ 5 50 3XR CO3PFY 413 1 0 PA JN 18 N AG 2 OC BBMA

36 5 52 3XR CO3PFY 250 4 0 PA JUN 1S N AG 2 N

3¢ 5 54 3XR CO SFN 350 2 2 PA JN 1S8RU Raptorsp AG 2 RC RTHA

3¢ 5 56 3DD CO3PFN 750 2 2 PA JN 1SRC GHOW AG 2 N

3¢ 5 58 3FU CO3PFN 725 2 0 PA JN 18 N AG 2 N

36 5 60 3XR CO3PFY 1100 5 1 PA JN 1S N AG 2 N

3¢ 5 62 3XR CO3PFY 80 5 1 PA JN 18 N AG 2 N

3¢ 5 64 3TG CO3PF N 1100 3 2 PA JN 1S N AG 2 N

38 17 12 3DE ST 3PF N 125 5 1 PA JN 24 N AG 7 N

38 17 14 3XR ST 3PF N 100 3 0 PA JN 24 N AG 7 N

3817 16 3TG ST 3PFN 250 1 0 CR JN 24 N AG 7 N

38 17 18 3XR ST 3PFN 50 1 0 CR JN 24N AG 7 N
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Table D1 (con't). Condensed electrocution evidencirvey and preferred pole data.
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38 17 20 3DE ST 3PF N 350 1 0 CR JUJN 24 N AG 8 N
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38 17 22 3DD ST 3PF N 350 3 0 CR JN 24 N

3817 24 3TG ST3PFN 9 1 1 PA JN 28N AG 8 N

38 17 26 3DE ST 3PF N 175 2 0 PA JN 25N AG 8 N

3817 28 1SP ST SFN 150 2 0 CR JN 28 N AG 8 N

3817 30 3Db ST3PHN 100 3 0 PA JN 25N AG 8 N

3817 32 3TG ST3PHN 50 2 0 PA JN 25N AG 8 N

3817 34 3DE ST3PHN 250 2 0 PA JN 28N AG 8 N

3817 36 3XR ST3PHY 300 2 0 CR JN 28N AG 10 N

3817 38 3XR ST3PHN 200 1 0 CR JN 2&N AG 10 N

3817 40 3DE ST3PHN 125 2 0 CR JN 2& AG 10 N

3717 1 3XR ST3PHY 225 2 0 PA JIN 25N AG 10 N

3717 3 3XR ST3PHY 300 3 0 PA JN 25N AG 10 N

37 17 5 3DD ST 3PF N 200 0 0O PA JN 25N AG 11 N

3717 7 3CR ST 3PFN 138 1 0 PA JN 26 N AG 11 N

3717 9 3DE ST 3PF N 300 2 0 PA JN 26 N AG 13 N

3717 11 3XR ST 3PFY 125 1 0 PA JN 26RU Raptorsp AG 13 N

37 17 13 3DD ST 3PE N 700 1 0 PA JN 26 N AG 10 N
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Table D1 (con't). Condensed electrocution evidencirvey and preferred pole data.
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3717 15 1SP ST SFN 20 1

o

PA JN 2€ N
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37 17 17 3TG ST 3PF N 300 1 0 PA JN 26 N AG 11 N

3717 19 3DD ST 3PF N 200 1 O PA JN 26 N AG 11 N

37 17 21 3TG ST 3PF N 100 9 6 PA JN 2€¢ N AG 11 N

3717 23 3TG ST 3PF N 225 6 1 PA JN 27 N AG 11 N

37 17 25 3DE ST 3PF N 275 0 0O PA JN 27 N AG 11 N

3717 27 3DE ST 3PF N 100 1 0 PA JN 27 N AG 13 N

37 17 29 3FU ST 3PF N 125 2 0 PA JN 27 N AG 21 N

37 17 31 3DE ST 3PF N 100 1 0 PA JN 27 N AG 21 RU RTHA

3717 33 3XR ST 3PFY 250 0 0O PA JN 27 N AG 21 N

37 17 35 3XR ST 3PFY 100 5 1 PA JN 27 N AG 21 N

3816 21 3XR ST 3PFY 200 3 0 HS JN 28 N AG 22 N

3816 23 3TG ST3PFN 25 3 0 PA JN 28 N AG 22 N

3816 25 1SP ST SFN 200 3 0 CR JN 28 N AG 22 N

38 16 27 3XR ST 3PF N 300 6 1 PA JN 28 N AG 22 RU Raptor sp

3816 29 3TG ST 3PF N 100 5 0 CR JN 28 N AG 22 N
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Table D2. Scavenging assessment
data.

Large
Mammal
Burrows?

Day carcass

Chicken discovered gone
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Table D2 (con't). Scavenging assessment
data.
Large
Mammal Day carcass

Chicken # Burrows® discovered ione

46 N 4
48 N >35

50 N 4

! Presence of large mammal burrows within
the 10m radius of the pole
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Table D3. Inventory data of 21 oilfield and 18 rurd sections. Structure categories as described in bk 2.2.

Structure Category

V10l

60
27
64
46

62

53
72
80
11
54
58

14
42

73
35
25

a4dT1
aart
odT1

O1T
40T
34t
N4aT

dXT

ds

N3dE
a0¢
aae
od¢€
oNng

ol€
d0¢
3d¢€

Nn4de

dX€

Sectiort

Stettler: oilfield 29-38-16

6
4
5
2
9
1

30-38-16

0

0 17

04-38-17

06-38-17

08-38-17

36-38-17

0; 110

0

0

18

0

9

1 42

2 15

18
7
5
5
0
4

31-37-17

26-36-20
02-37-20

0 28

11

10-38-20
27-38-20

Forestburg: oilfield 27-40-10

0

0

13

0

3

12
45

0
1

12
20

13

31

29-40-11

0: 144

0

0

4

32-40-11

0

0

36-40-11 1

Consort: oilfield 19-36-04

0

11
19
8
3

19

0

30-36-04
31-36-04
12-37-04
25-36-05
36-36-05

0: 108
0; 107

0
1

0
0

22

0

2

32

0
1

19
22

12
4

21

35

16

13¢



Table D3 (con't). Inventory data of 21 oilfield and18 rural sections.

Structure Category

vET

-
D:DUJD:(D(DUD:QE n::>|.|JD£(DL)DmI<£
X oL O 0O F Dxroooao o X o oo - zxaowo O
Sectiort Mm oM M M M o 0o 0o o 0o O A A A A A A A <+ b
Stettler: rural 27-37-20 1 2 0 029 0O 01 01 0 2 5 6 3 0 0 0] 50
16-37-20
17-37-20 0 0 0O 0O 0 0 0O 1 5 0 5 2r 0 1 0 39
06-38-21
01-38-22
36-37-22 0 0 0O 0 O 0O 00 OO 6 9 2 16 084 0 3 0| 120
31-37-21
13-39-18
14-39-18
53-39-18 0 0 0O 0 O 0O 00 OO 1 3 0 0 045 1 2 0 52
24-39-18
20-37-20
21_37_200 0 0O 0O 0O 00 OO 7 8§ 2 9 150 00 0 77
26-37-20 0 1 0 0 15 0O 00 10 4 4 2 2 015 0 2 0] 46
Forestburg: rural 20-39-13
21-39-13
28-39-13 0 0 0O 0O 0 00 0O 2 4 1 7 049 0 2 0] 65
29-39-13
TOTAL 192 47 160 7517 20 155 1 11 221 47 23 59 1326 1 13 1]1703

! In some cases, a power line would cross multiplenitory sections. In these cases the collectiveritory for the multiple sections was done. These
multiple sections are grouped between broken liméise above table. Section numbers are reportesda®n-township-range. All sections are west of
thefourth meridiar
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Table D4. Raptor Electrocution Form data from within the study area as reported by ATCO Electric, 04/8— 12/04 (n=53)

Existing
Pole Bird Weight
Year Month Day District?> catego Protection Specie8 Age® Sex Location of carcass with respect to pole

1.5m from baspale

2003  Apr 15 CO 3TG N RTHA A F 1350

1000 hanging on er jumper wire

m

RTHA A

2

2003 Apr 29 ST 1DE

<

1050 2ft from basepafle

2

RTHA A

2003 Apr 30 60) 3XR

<
Cc
C

RTHA

base of pole

2003 May 13 ST 3XR

2003 Ma 20 CO 3FU RTHA 1250  1.5m from baspae

> >
<

1250 3 ft from bakeole

Z

2003 June 23 FB 1DE GHOW

1400 lying on to

>
C

2003 June 29 FB 3XR N GHOW

2003  Jul 16 FB 3UG N GHOW 1100  hangin

(=

2003  July 19 CcO 3XR Y GHOW M 1100 base of pole

2003  July 20 FB 3UG N RTHA A F 1100  2ft from bageole

2003  Jul 26 CA 1DE GHOW J ] 1350 hanging fromewir

2003 Au 15 CcO 3XR N GHOW J 1.5m from base dépo

! Blank cells indicate that data were not reported

2 CA = Castor; CO = Consort; FB = Forestburg; STtettier
3 Pole categories as described in Table 2.2

4 GHOW = great horned owl; RTHA = red-tailed hawk
U = unknown
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Table D4 (con’t). Raptor Electrocution Form data from within the study area as reported by ATCO Electric, 04/03 12/04

(n=53)".
Existing
Pole Bird Weight
Year Month Day District? category Protection Specieé Age® SeX (g) Location of carcass with respect to pole
2003 Au 24 FB 3CB Y RTHA A U 5m from base of pole
*_

2003 Oct 15 CO 3XR Y GHOW A F 1270 3 ftfrom bas@ale

2003 Oct 22 GHOW A F 1650 2m from baspalé
_

2004 Apr 21 GHOW F 1525 1m from base

2004 May 29 N GHOW U U hanging from pole
_

2004 June 9 N GHOW A M 1285 2m from baspadé
_

2004 June 25 GHOW J M 1090 base of pole
_

2004  Jul 5 N GHOW F 1400 base of pole
_—

2004  Jul 5 Y GHOW A F 1300 hanging fromdytalons locked with other bird

*_

2004 July 7 CO 3XR N RTHA A F 1200  2ft from basepofe
~CO 3R N GHOW J

2004  July 17 CO 3UG N RTHA A M 880 2m from basepofe

2004  Jul

12004 Juy 17 L .
17 FB 3XR N  GHOW A M 1030 base of pole
2004 dy 23 CA  IXR N GHOW A M 9% imfombase

2004 Au

14 FB 3XR N RTHA J F 1235




Table D5. Raptor pole use data.

Perch Pole Perch PC or
Specie$ Age® Structure  Cat® Loc'n® opP®

RTHA

>

Pole 3TG 1 OoP

RTHA

>

Pole 1TG 5 OoP

RTHA

>

Pole 3XR

»

OoP

RTHA Pole 3TG

>
[
©)
0

SWHA

>

Pole 3DE

=
o
o

RTHA

>

Pole 3TG

I
o
)

RTHA

>

Pole 3TG

[EY
o
)

RTHA

>

Pole 3TG

[EY
©)
o

RTHA

>

Pole 3TG

[
©)
0

RTHA

>

Pole 3TG

[
©)
0

RTHA

>

Pole 3TG

-
o
)

RTHA

C

Pole 3TG

[EnY
o
o

RTHA

>

Pole 3TG 1

o
2

1 SWHA = Swainson’s hawk; RTHA= red-tailed hawk
2 U = unknown

Table D5 (con't). Raptor pole use data.

Perch Pole Perch PC or
Sﬁecieé Aie2 Structure Cat.® Loc'n* OP®

RTHA A Pole 3TG 1 OoP
IETCHTNCE

RTHA A Pole 3TG 1 OP
ETCH NG

RTHA A Pole 3TG 1 OP
IETEENCER

RTHA A Pole 3TG 1 OoP
IETEENCER

RTHA A Pole 3TG 1 OoP
IETCENEER

RTHA A Pole 3TG 1 OoP
IETCHTNCE

RTHA A Pole 3TG 1 OoP
IETCHTNCE

RTHA A Pole 3TG 1 OP
"RTHA A Pole  3TG 1  OP

RTHA A Pole 3TG 1 OoP
IETEENCEN

RTHA A Pole 3TG 1 OoP
IETCENEER

RTHA A Pole 3TG 1 OoP
IETCENCER

RTHA A Pole 3TG 1 OoP
IETCHNCE

RTHA A Pole 3TG 1 OoP

% Pole categories as described as in Table 2.2sFaransmission (>69kV) pole; “?” = not reported
“Perching location on power pole. 1 = between phaskpole; 2 = top of pole; 3 = on wire next to pdle between two phases (when two
phases on one side); 5 = top of insulator; 6 =rossarm between two horizontal insulators; 7 = betwtwo lightning arrestors; 8 = on angled

crossarm of 144 kV transmission pole; 9 = top aossof 3XR; 10 = tree

°PC = sighting during point count; OP = opportuisighting
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Table D5 (con't). Raptor pole use data. Table D5 (con't). Raptor pole use data.

Perch Pole Perch PCor Perch Pole Perch PCor

Specie$ Age’ Structure Cat® Locn* OP° Specie$ Age® Structure Cat® Locn® OP°
RTHA A Pole 3TG 1 OoP
RTHA A Pole 3TG 1 OP 'RTHA A Pole 3TG 1  OP
SWHA A Pole 3TG 1 oP
RTHA A Pole 3TG 1 OP 'SWHA A Pole 3R 6  OP
i RTHA A Pole 3TG 1 OP
A 1 OP "RTHA A Pole Trans. 8  OP

| SWHA A Pole Trans. 4 oP
A 1 OP 'RTHA U Pole Trans. 4  OP

] RTHA A Pole 3UG 7 oP
RTHA A Pole 3TG 1 OoP 'RTHA A Pole 1TG 5  OP
] RTHA A Pole 1TG 3 oP
RTHA A Pole 3TG 1 OoP 'RTHA A Pole 1TG 3  OP
| RTHA A Pole 1TG 5 OP
SWHA A Pole 3TG 1 OoP 'SWHA A Poe 1TG 5  OP
RTHA A Pole 1TG 5 OoP
SWHA A Pole 3TG 1 OoP 'SWHA A Poe 1TG 5  OP

SWHA J Pole 3TG

o
o
3

RTHA A Pole Trans. 1 oP 'RTHA A Pole 1ITG 3  OP
] SWHA A Pole 1TG 3 oP

RTHA A Pole Trans. 1 oP 'SWHA A Pole 1ITG 3  OP
] SWHA A Pole 1TG 3 oP

RTHA A Pole Trans. 1 oP 'SWHA A Pole 3DE 1  OP
] RTHA A Pole 1DE 3 oP

RTHA A Pole Trans. 1 oP "RTHA A Pole Trans. 1  OP
| RTHA J Pole Trans. 1 OP

A Pole Trans. 'RTHA A Pole 1TG 5  OP
i RTHA A Pole Trans. 2 oP

A Pole Trans. "RTHA A Pole IXR 2  OP
RTHA A Pole 3TG 2 oP

A 'RTHA A Pole 3TG 2  OP
RTHA A Pole Trans. 2 oP

RTHA A Pole 3TG 1 oP "RTHA J  Pole 3XR 2  OP

SWHA J Pole 3XR

N
]
U
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Table D5 (con't). Raptor pole use data. Table D5 (con't). Raptor pole use data.

Perch Pole Perch PCor Perch Pole Perch PCor

SpecieS Age’ Structure Cat® Locn®  OP° SpecieS Age’ Structure Cat® Loch*  OP°
SWHA A Poe  SP 2 0P SWHA A Tree 0 op
RTHA A Pole 3XR 2 OP "RTHA A Tree 10  OP
| SWHA A Tree 10 oP

SWHA A Pole  3DE 1 OP SWHA A Tree 10  OP
| RTHA J Tree 10 OoP

RTHA A Pole  3XR 9 PC SWHA A Tree 10  OP
| SWHA A Tree 10 oP

SWHA A Pole  3TG 1 PC SWHA J  Tree 10  OP
| SWHA J Tree 10 OP

RTHA A Pole ? 9 PC "RTHA A Tree 10  OP
| RTHA A Tree 10 oP

RTHA A Pole  3DE 1 PC RTHA U Tree 10  OP
| RTHA J Tree 10 OP

SWHA  J Pole  3XR 6 PC RTHA  J  Tree 10  OP
| RTHA J Tree 10 OoP

RTHA A Pole  3XR 6 PC RTHA  J  Tree 10  OP
| RTHA A Tree 10 OoP

RTHA A Pole 3TG 1 PC 'SWHA A Tree 10  OP
| RTHA A Tree 10 OoP

SWHA U Pole SP 2 PC RTHA U Tree 10  OP
| RTHA U Tree 10 PC

RTHA A Pole  3DE 1 PC RTHA A Tree 10  PC
| RTHA A Tree 10 PC

SWHA U Tree 10 OP 'SWHA A Tree 10  PC
| SWHA U Tree 10 PC

SWHA A Tree 10 OP 'RTHA U Tree 10  PC
| SWHA U Tree 10 PC

RTHA A Tree 10 OP 'SWHA U Tree 10  PC
| RTHA A Tree 10 PC

RTHA A Tree 10 OP RTHA U Tree 10  PC
| RTHA U Tree 10 PC

RTHA U Tree 10 OP 'SWHA A Tree 10  PC
RTHA U  Tree 10 OP SWHA A Tree 10 PC
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Table D5 (con't). Raptor pole use data.

Perch Pole Perch PCor
SpecieS Ag€® Structure Cat® Locn* OP°

RTHA A Tree 10 PC
RTHA U Tree 10 PC
'SWHA U Tree 10  PC
SWHA J Tree 10 PCI
SWHA J  Tree 10 PC
SWHA U Tree 10 PC I
'SWHA U Tree 10 PC
SWHA U Tree 10 PC I




