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PREFACE 

Biological diversity of México, raptors and scientific research 

México is one of thc most biologically diverse countries on thc planct, as a result of 

its very complex gcological history, geographic position, and cnvironmental 

hcterogcncity, among other factors. lts biological divcrsity is such, that together with 

17 othcr countries such as India, China and Brazil, it is rcfcrrcd to as i\fegadiverse. 

Together, thcsc countrics sustain more than 70% of ali linng organisms, including 

phnts, anima\s and m1croorganisms, México ranking first for its divcrsity of reptiles 

and amphibians, thir<l for its mammalian diversity, fourth for irs diversity of vascular 

plants, and clcvcnth for its diversity of birds. Morcovcr, a high pcrccntage of the 

species, up to 6S(Y11 in amphibians, are endemic to México; i.c. with gcographic ranges 

restrictcd to thc country. 

Toe biological din::rsity of l\léxico has been part of rhc gcographic and natural 

settings that han:: accompanied its inhabitants sincc thcr first scttlcd in the country 

more than 12,000 ycars ago. The legendary diversity of thc country has astonishcd 

scicntists such as Bar<m Alexander Von Hwnbolt, who dcscribcd México as a 

biolo¿,>ical paradisc. Unfortunately, this impressive natural divcrnity of thc coumry is 

practically unkninvn by most Mexicans, who imtcad 1;hould be proud of their 

biological inheritancc. 
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Nowadays, thc biological diversity of México is seriously thrcatcned. Hundreds of 

spccies and thousands of populations are endangered, mainly because of human 

population size and social inequity. México's population size is expected to become 

stable around 145 millions, but only in three decadcs. The loss of biological diversit:y 

has severe consequences at a biological and social level, because populations and 

species are the basis for the structure and functioning of biological systems, which 

provide us far free with environmental goods and scrvices. These goods and 

services, which indude the maintenance of a proper atrnospheric gas composition, 

the ozone layer, soil fertility and quality and quantity of water, among others, generare 

the environmental conditions that allow life on Earth. They are the basis of our 

existence. Paradoxically, their continuance depends on our activities. 

The only way to understand the complex relationships of living organisms with their 

environment, their role in providing environmental services, and better management 

of these living organisms to reconcile their use with their conservation, is through a 

solid investment in scicntific rcscarch. However, many governments, induding the 

Mexican government, surrender to the temptation of investing little in scientific and 

technological research, focusing on other approaches to fight social and economic 

problems. Those govcrnments ignore that one of the few ways out of poverty is 

through the generation of scientific and technological knowledge, which is 

fundamental to the development of any country. 
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That is why I havc rcccived with great satisfaction this volumc addrcssing thc ccology 

and conservation of raptors - one group of species very scnsitivc to anthropogenic 

disturbanccs. As top predators, with low population sizes, raptors are susceptible to 

environmcntal changes that can affect them negacively, and thus increase the risk of 

their extinction. That is precisely why their status is an indication of environmental 

conditions, much like canary birds long ago used to indicate the prcscncc of toxic 

gases to mincrs. Toe results presented by researchers working with raptors in México 

can haYe an immediate application in conscnTacion. 

The carcful c<liting of thc editor has produced an interesting book of high scientific 

quality. I am surc that time will be the bcst test of thc bcncfits of this type of 

publications, which are csscntial to maintain the welfare of our socicty. 

Gerardo Ccballos 
México D.F. 
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Raptor and raven electrocutions in northwestern 

México: a preliminary regional assessment of the impact 

of concrete power poles 

ABSTRACT 

Jean-Luc E. Cartron 
Ricardo Rodríguez-Estrella

Robert C. Rogers 
Laura B. Rivera Rodríguez 

Javier Bruno Granados Ruíz 

Recent research has shown that concrete power pales with steel cross

arms are responsible for large numbers of raptor and raven electrocutions 

in northwestern Chihuahua. Monitoring of raptor and raven mortality in that area is 

important, but there is also a need for information regarding the numbers of concrete 

power pales and their impact in other parts of México. From Fe bruary 2002 through 

March 2004, we conducted power-line sunreys in Chihuahua, Sonora, and Baja 

California Sur. In Chihuahua, most areas we inspected had either wooden pales or 

concrete pales that had been retrofitted with wooden cross-arms, perch guards, or 

polyvinyl chloride (PVC) covering. Only the northwestern part of the state was 

found to have large numbers of non-retrofitted concrete poles, along with important 

bird mortality (chiefly of Chihuahuan ravens [Corous cryptoleucus] and red-tailed hawks 

[Buteo jamaicensis]), including along power lines never before sunreyed. In Sonora, 

202 



Cartron et al 

concrete pales were found to be widespread, but as in Chihuahua many of them had 

been retrofitted. We found a total of 10 dead birds (2 turkey vultures {Cathartes aura] 

and 8 ravens) under non-retrofitted poles in the northeastern part of the state. Five 

dead birds including 2 red-tailed hawks were also detected under non-retrofitted poles 

of a power line in coas tal west-central Sonora. In Baja California Sur, few power lines 

with concrete poles were observed, and of these, only 1 yielded an electrocuted bird, a 

cornmon raven (Corous corax). The results of our surveys suggest that prior to the 

retrofitting effort now taking place, bird electrocutions on concrete poles were very 

widespread, affecting much of Sonora and Chihuahua, anc..l sorne arcas of Baja 

California Sur. With many concrete poles now retrofitted, raptor and raven mortality 

should be lower along power lines of northwestern México, but more surveys are 

needed to verify the effectiveness of all retrofitting techniques and materials. 

Key words: Aquiia chrysaetos, Buteo ;amazcens1s, Buteo regaiis, concrete pales, 

electrocutions, femiginous hawk, golden eagle, raptors, ravens, red-tailed hawk. 

RESUMEN 

Investigaciones recientes han demostrado que los postes de concreto con brazos de 

acero cruzados en líneas eléctricas, son responsables de un gran número de 

electrocuciones de rapaces y cuervos en el noroeste de Chihuahua. El monitoreo de 

la mortalidad de las rapaces y del cuervo en esta área es importante, pero también 

existe una necesidad de contar con información disponible del número de postes de 
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concreto y su impacto en otras panes de México. De febrero de 2002 a marzo de 

2004 se realizaron muestreos en lineas de transmisión en Chihuahua, Sonora y Baja 

California Sur. En Chihuahua, muchas áreas fueron inspeccionadas buscando si 

tenían postes de madera o de concreto que hubiesen sido modificados con brazos 

cruzados de madera, perchas de guardia, o cubiertos de PVC. Sólo en la pane 

noroeste del estado se encontró un gran número de postes de concreto no 

modificados, junto con una importante mortandad de aves (principalmente del cuervo 

de Chíhuahua [Corous cryptoleucus] y del halcón cola roja [Buteo jamaiansis]), incluyendo 

lineas de transmisión nunca antes muestreadas. En Sonora, los postes de concreto 

fueron ampliamente utilizados, pero muchos de ellos fueron modificados, como en 

Chihuahua. Se encontró un total de 10 aves muertas (2 zopilotes auras [Catharles aura] 

y 8 cuervos) en postes no modificados en el noreste del estado. Se detectaron 5 aves 

muertas, incluyendo 2 halcones cola roja, a lo largo de una linea de transmisión no 

modificada, muestreada en la parte costera del oeste-centro de Sonora. En Baja 

California Sur, se encontraron pocos postes de concreto y de éstos, sólo 1 tenía por 

debajo un a\'e muerta electrocutada, un cuervo (Corous corax). Los resultados de 

nuestros muestreos muestran que, preYio a los esfuerzos de modificación de postes 

que tienen lugar ahora, las electrocuciones de las aves en postes de concreto eran 

ampliamente distribuidas, afectando partes de Sonora y Chihuahua, y en menor 

extensión a Baja California Sur. Con la gran cantidad de postes de concreto ahora 

modificados, la monandad de rapaces y cueffos en líneas de transmisión del noroeste 
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de México debe ser menor, pero se necesitan más muestreos para verificar la 

efectividad de todas las técnicas de modificación y de los materiales utilizados. 

INTRODUCTION 

Power poles are an important cause of raptor mortality throughout much of the 

world (e.g., !,.farkus 1972, Haas 1980, Ledger and Annegarn 1981, Ferrer and Hiraldo 

1991, LaRoe et aL 1995, Ferrer and Janss 1999, Harness and Wilson 2001). In the 

western U.S., most poles are built with wood, which under dry weather conditions is a 

non-conductive material. As a result, electrocutions on wooden poles occur typically 

when a bird spans the distance betwcen 2 energized wires. In contrast, México has 

since the 1970s often been using poles that are conductive, as thcy are made of 

concrete and fitted with steel cross-anns (Carrron el aL 2005). A bird perched on the 

steel cross-arm of a concrete pole is grounded and need only touch 1 energized wire 

to be electrocuted. For that reason the risk of electrocution is higher on this typc of 

pole. It may be further compounded by relatively high voltage (34.5 kV in the Janos 

- Casas Grandes arca; see further on) used along distribucion power lines of México

(Cartron el al. 2005). Higher voltage results in arcing over larger distances, and thus 

the possibility exists that on a concrete pole, a bird can be electrocutcd by simply 

perching very closc to an energized wire without actually touching it. Finally, much 

of northern México is characterizcd by an arid climate. The lack of tall vegetation at 

low and middlc clevations increases the likelihood that raptors and other birds will 
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use power poles as perches (APLIC 1996). 

In March 2002, a workshop was organized in México City to present and 

discuss information on the impact of power lines on birds in México. Biologists from 

México and the U .S. as well as representa.ti.ves of the Comisión Federal de Electricidad 

(CFE) attended the workshop. Other than the research conducted in nonhwestem 

Chihuahua (Cartron et al 2000, 2005), there was virtually no information available on 

bird electrocutions on concrete poles from anywhere in México. 

In nonhwestem Chihuahua, electrocuted raptors have been reponed since 

1999, chiefly from the )anos - Casas Grandes QCG) prairie dog town complex and 

surrounding area (Cartron et al 2005). More than 20 raptor species occur in that area 

(Manzano-Fischer et aL 1999, in press), which also has a large number of concrete 

poles. Most recently, monthly surveys were conducted in the JCG area from 

December 2000 through November 2001 (Cartron et aL 2005). The remains of 178 

birds (52 raptors, 123 ravens, 2 great blue herons {Arde a herodias], 1 unidentified) were 

found during those surveys, all but one at the base of concrete poles. The remains of 

onlv 12 dead birds were discovered elsewhere in northwestem Chihuahua, but 

surveys outside the pr airie dog town complex area were very limited. In ali survey 

locations, many, if not most, of the remains bore signs of eiectrocution (e.g., singed 

feathers). Those that <lid not were typically old and/ or incomplete remains. Another 

important finding was that double dead-end poles with double cross-anns (Fig. 1) 

were associated with higher mortality compared to ali other types of concrete poles 
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(Cartron el al 2005). 

At the time of Cartron et aL's (2005) monitoring effort, CFE began to retrofit 

sorne of the concrete power poles in the JCG area. \Vhat remained unclear, even 

despite the workshop, was whether CFE was engaged in similar retrofitting efforts 

elsewhere in Chihuahua or even in other parts of México. In the JCG area, 

retrofitting consisted of replacing steel cross-arms with longer cross-arms made out 

ofwood. 

Figure l. Double dead-end pole with double cross-arms. 
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In this chapter, we report the results of power-line surveys we conducted 

from February 2002 to March 2004 in Chihuahua, Sonora, and Baja California Sur. 

The 3 main objectives of the study were to 1) gather information on the number and 

location of concrete power poles in those 3 states; 2) assess the magnirude of the 

retrofitcing effort at a regional scale; and 3) search for electrocuted birds under non

retrofitted concrete poles. Although not the principal focus of this study, we also 

continued to monitor power lines in the JCG general area. This study should be 

viewed as preliminary, and much of the information we present is qualirarive. 

METHODS 

Between February 2002 and J\i[arch 2004, we conducted a combination of cursory and 

more in-depth power line surveys along or near sorne of the main roads of 

Chihuahua, Sonora, and Baja California Sur (Figs. 2 and 3). Transmission lines were 

not included in our surveys simply because the much greater spacing of conductors 

likely entails a small risk of electrocution for birds. During cursory surveys, which 

were conducted by car, we recorded the types of posts used along power lines, as well 

as any evidence of recen t corrective action (i.e., retrofitting) in the form of perch 

guards, wooden cross-arms, or polyvinyl chloride (PVC). During our more in-depth 

surveys, conducred on foot or, in a few cases, from a slow-moving (5 km/hr) vehicle 

driven directly under the power line, we searched for electrocuted raptors. Most of 

the in-depth surveys were along power lines with non-retrofirted concrete polcs, but 
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we also inspected a few power lines with wooden poles or concrete poles retrofitted 

with wooden cross-arms. Every set of remains found under a pole was examined for 

signs of electrocucion, primarily singed feathers. We recorded the locacion of every 

set of remains using a Garmin hand-held GPS unit. 

Surveys in Chihuahua were conducted on 9-11 February, 26-28 April, 5-8 

June, 25-26 July, 28 October, and 11-12 November 2002, and on 18 March 2004. 

They were conducted directly along Mexican Highway 23 (between Palomas and 

Highway 2), Highway 16 between Ojinaga and _Cd. Chihuahua, Highway 45 north of 

Cd. Chihuahua, Highway 10 from near Buenaventura to Janos, and Highway 2 from 

its junccion with Highway 23 to the border with Sonora, and in areas adjacent to these 

main roads (Fig. 2). In total, these surveys spread over a total clistance of 

approx.iroately 1,000 km of roads and covered much of the eastern, central, and 

northwestern parts of the state. In the JCG prairie dog town complex area (west of 

Highway 10 and south of Highway 2; see Cart ron et al. 2005), vegetation types 

included open grassland, mesquite (Prosopis sp.) grassland, shrubland s dominated by  

mesquite or  Ephedra, and agricultura! fields. Elsewhere in Chihuahua, sorne of the 

same vegetacion types also occurred, with mesquite-yucca (Yucca sp.) or yucca 

grass lands also widespread. 

Power-line surveys in northeastern Sonora were conducted on 28-29 October 

2002 (Fig. 2). In northem and west-central Sonora they were conducted on 18-20 

March 2004. The combined road clistance over which these surveys were conducted 
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totaled approximately 600 km. The vegetation varied widely based in part on 

elevation. In the northeastem pan of the srate, sorne of the areas we inspected had 

mesquite grasslands or shrublands. In west-central Sonora, a power-line survey was 

conducted in the vegetacional subregion of the Sonoran Desert designated by Shreve 

(1951) as the Central Gulf Coast. The vegetacion was dominated by cacci (e.g., 

Pad¿ycereus pringlei, 5 tenocereus gummosus, S. thurberi, Lophocereus scbottii, Opuntia fulgida) and

arborescent shrubs (Cerddium sp., Olmya tesota, Prosopis sp.). 

All work in Baja California Sur was conducted between 11 April and 26 May, 

2003 (Fig. 3). In most places the landscape was dominated by 1.5 to 2 m tall 

microphyllous Sonoran desert vegetation that included Atamisquea emmginata, Yucca 

valida, and Pacl¿ycereus pringki. In the Vizcaino Desert (another subdivision uf the 

Sonoran Desert), the vegetation tended to be smaller and consisted chiefly of Encelia 

palmien� Lycium califamicum, Atriplex polica,pa, and Errazurizja megacarpa. We fust 

conducted a preliminary inspection of power lines from Cabo San Lucas north to the 

Vizcaino Desert to locate concrete poles, for a total travel d.istance of 1,419 km. We 

then initiated in-depth surveys for electrocuted birds along power lines with concrete 

poles. Collectively, power lines with concrete power poles spread over a total 

d.istance of 189 km. Raptors present in survey areas in Baja California Sur and their

use of power poles are presented in Append.ix 1. 

RESULTS 
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Distribution of concrete poles 

In Chihuahua, concrete poles with steel cross-arms were found to be widespread. 

The power linc along Highway 23 (the road from the border town of Palomas to 

Highway 2; Fig. 2) consistcd entirely of concrete poles, most of them tangent unirs 

(Fig. 4), with also sorne double polcs (for a discussion of pole configurations see 

APLIC 1996 and Caruon et aL 2005). We counted approximately 370 poles, none of 

them retrofitted. Highway 2 from the junction with Highway 23 west to the border 

with Sonora had severa! stretches of power lines with a total of > 400 concrete poles 

(mostly tangent poles but also sorne double dead-end units). Initially, none of thesc 

poles was retrofitted. However, on 28 October 2002, white PVC covenng was 

obse1Ved around the conductors on tangent polcs west of Janos. Finally, non

retrofitted concrete poles wcre found in the JCG prairie dog complex arca and east of 

Highway 10 between Nuevo Casas Grandes andJanos. Ali these concrete poles wcre 

located along power lines supplying clectricity to small rural communities (e.g., ejidos; 

Tables 1 and 2). 

Elsewhere, we did not detcct any power lines with more than a fcw scattered 

non-retrofitted concrete polcs. Power lines along Highway 16 consisted alrnost 

entirely of wooden poles. In the viciniry of Cd. Chihuahua and along Highway 10 

near Nuevo Casas Grandes, concrete poles numbered in thc hundrcds (the exact 

number of poles was not counted). However, most of them had been retrofitted with 
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wooden cross-arms (Cd. Chihuahua and vicinity) or with perch guards (Nuevo Casas 

Grandes are a). 

Figure 4. Tangent unit with perched raptor. 
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In northeastern, northem, and west-central Sonora, concrete power poles 

were also widespread (although generally not as numerous as wooden poles). Along 

Highway 2 in northeastem Sonora, the cross-arms were typically covered with yellow 

PVC covering. Non-retrofitted poles were still present along Highway 2 to Naco, 

and along power lines originating from Highway 2 and supplying electricity to rural 

communities in the general area of Cananea (Fig. 2, Table 3). Most concrete poles 

were tangent structures, but 1 power line in the arca of Ejido Zaragoza, just east of 

Cananea, had concrete poles with lower and upper cross-arms. Stretches of power 

lines with concrete poles, most of them tangent units, were also observed between 

lmuris and Hermosillo along Mexican Highway 15, in the Hermosillo area, and 

between Hermosillo and Bahía Kino. A power line from Bahía Kino to the Seri 

lndian village of Punta Chueca had concrete poles. They consisted chiefly of tangent 

poles retrofitted with wooden cross-arms. A total of 23 doublc dcad-end units were 

countcd along this power line, and none of them had been retrofitted. An offshoot 

of the Bahía Kino - Punta Chueca power line was observed on privare property. It 

had concrete tangent poles with steel cross-arms. 

In Baja California Sur, most of the power poles we observed were made of 

wood. Our preliminary surveys, most of them along Highway 1, led to the discovery 

of only 608 concrete polcs fi.tted with steel cross-arms. Stretches of power lines with 

concrete poles were located mainly in the northern patt of the State, between Mulegé 

and Santa Rosalia; concrete poles were also observed between Loreto and Mulegé and 
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between San Ignacio and Vizcaíno (Fig. 3, Table 4). Few concrete poles were 

observcd along power lines between La Paz and Ciudad Constirución and between La 

Paz and Cabo San Lucas (Fig. 3, Table 4). Most concrete poles were tangent units. 

Only 30 double dead-end units were counted along all surveyed power lines, and 

none of chem had been retroficced. Interestingly, between Villa Insurgentes and 

López Maceos, 15 concrete poles were fitted with platforms for ospreys (Pandion 

haliaetus) to perch and build their nests. In-depth surveys were conducted everywhere 

concrete power poles were found but also included a cota! of 295 wood poles (fable 

4). 

Table 3. Characteristics of areas where in-depth power-line surveys were conducted in 
Sonora, with associated m::irtality findings. 

location 

Ejido Cuitaca 
(about 25 km 
west of 
Cananea) 

Ejido Zaragoza 
(about 15 km 
east of 
Cananea) 
Pueblo Naco, 
along Highway 
2 (aboutS km 
west of Agua 
Prieta) 

Road from 
Bahla Kino to 
Punta Chueca 

date of 
survey 

October 
29, 2002 

October 
29,2002 

October 
29, 2002 

Marrh 
18, 2004 

surrounding 
vegetation 

Mesquite 
shrubland 

Mesquite 
grassland 

Mesquite 
grassland 

Sonoran Desert 
(Central Gulf 
Coast 
subdivision) 

numberand 
configuration of findingsi 

inspected power poles 

11 (11 tangent) concrete 2 (2) turkey 
poles (interspersed with vultures 
wooden poles) 

94 (88 tangent) concrete 5 (3) ravens 
poles 2 (1) Chihuahuan 

ravens 

20 (19 tangent) concrete 1 (O) raven 
poles 

23 (23 double dead-end) 2 (O) red-tailed 
concrete poles hawks 
(interspersed with 3 (O) unidentified 
retrofitted tangent poles) birds 

1 Toe number of dead birds showing signs of electrocutions is given in parentheses 
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Table 4. Characteristics of areas where in-depth power line surveys were conducted in 
Baja California Sur, with associated mortality findings. Vegetation characterization 
follows Wiggins (1980) and (INEGI 1981). 

survey area date of survey 
surrounding number and type 

findingsl 

ve etation of oles 
Road from April 11, Sonaran 35 (2 double 1 (1) 

La Paz to 2003 desertscrub, dead-end, 33 common 
Cd. May 9, 2003 sarcocaulescent tangent) concrete raven 
Constitución vegetation pales 

association 

April 11, Sonaran 35 (33 tangent, 1 No 

2003 desertscrub, double dead-end) remains 
May 9, 2003 sarcocaulescent wooden pales 

vegetation 
association 

Cd. April 11, Urbanized area, 10 (2 tangent , 3 No 

Constitución 2003 with nearby fields double dead-end) remains 
May9, 2003 concrete pales 

April 11, Cultivated area 10 (7 tangent, 3 No 

2003 double dead-end) remains 
May 9, 2003 wooden pales 

Road to April 11, Sonaran 10 (10 tangent) No 

Puerto 2003 desertscrub, concrete pales remains 
San Carlos May9, 2003 sarcocaulescent 

vegetation 
assodation 

April 11, Sonaran 46 (46 tangent) No 

2003 desertscrub, wooden pales remains 
May9,2003 sarcocaulescent 

vegetation 
association, 
containing a large 
area of creeping 
devil cactus (low-
tall vegetation) 

Deviation May 9, 2003 Sonaran 155 (149 tangent, No 

road to desertscrub, 6 double dead- remains 
Ejido 419 sarcocaulescent end) wooden 

vegetation pales 
association and 
cultivated area 
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Table 4. Continued.

date of 
surrounding vegetation 

number and type of finding survey area 
survey poles s' 

Road to April 11, Cultivated area and 147, (132 tangent, No 

López 2003 Scmoran desertscrnb, 15 with platforms) remains 
Mateos May9, sarcocaulescent concrete poles 

2003 vegetation association 

April 11, Sonoran desertscrub, 49 ( 42 tangent, 6 No 

2003 sarcocaulescent double dead-end) remains 
May9, vegetation assodation wooden poles 
2003 and cultivated area 

Road from May 24, Sonoran desertscrub, 63 (63 tangent) No 

Vizcaíno to 2003 sarcocaulescent concrete poles remains 
San Ignacio vegetation association, 

non-thomy scrnb, with 
small cultivated areas 

Road from May 26, Sonoran desertscrub, 83 concrete poles No 

Mulegé to 2003 sarcocaulescent remains 
Loreto vegetation association 

Road from May26, Sonoran desertscrub, 260 (260 tangent) No 

Santa 2003 sarcocaulescent concrete poles remains 
Resalía to vegetation association 
Mulegé 

Search for electrocuted raptors 

In the JCG area, we found a total of 39 dead birds (14 raptors) during 5 rounds of 

surveys from February 2002 through March 2004 (fable 1 ). No remains were found 

in February 2002. In April 2002, however, we found a total of 13 dead birds under 

concrete poles of rhe area. Eleven of the 13 dead birds were Chihuahuan ravens 

(Corom cryptoleucus); the other 2 birds were a red-tailed hawk (Buteo jamaicensi.r) and a 
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turkey vulturc (Cathartes aura). Ten of the 11 ravens and the turkey vulture had singed 

feathers. Seven of che ravens and the turkey vultur e were found under 8 double 

dead-end units. No dead bird was found at any of the r etrofitted concrete pales we 

surveyed. 

In June 2002, our surveys yielded a total of 7 dead birds, 2 red-tailed hawks 

and 5 Chihuahuan ravens (Table 1). One of the 2 red-tailed hawks and 4 of the 5 

Chihuahuan ta\·ens had singcd feachers. Two of che dead birds (1 red-tailed hawk 

and 1 Chihuahuan raven) were found under doubk dead-end units. 

In Novcmber 2002, dead birds consisted of 1 immature golden eagk (Aquila 

ch,ysaetos), 2 unidencificd eagles, 1 ferruginous hawk (Buteo regalis), 2 red-tailed hawks, 2 

turkey vultures, and 6 Chihuahuan ravens (Table 1). Toe 2 unidentified eagks, 1 of 

the 2 curkey yuJ.rures, 1 red-tailed hawk, and ali 6 ranns had singed feathcrs. In 

addition to the dead birds, an injured rcd-tailed hawk was observcd along one of the 

power !ines '.Ve surveyed. 

In March 2004 an ,--\merican kestrel (Falco spamenUs) with singed feathers was 

found undcr 1 of 64 concrete pales along 1 power linc with tangent units and double 

pales (Tabte 1). Along a second powcr line, a total of 4 dead birds werc discovered, 1 

red-tailed hawk, 2 Chihuahuan rawns, and 1 ravcn that could not b e  identified to 

species. Both Chihuahuan ravens and the red-tailcd hawk had singed feathers. The 3 

raYens were found under the same pole, a double dcad-end unit. 

Outside of the JCG prairic dog complcx area, our in-depth surveys were 
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rcstrictcd to an atea east of Highway 10 between Nuevo Casas Grandes and Janos, 

and to a few power lincs branching off the main linc along Highway 2 (Table 2). We 

found a total of 9 dead birds, all of them east of Highway 10: 5 red-tailed hawks, 1 

unidentified hawk, 2 Chihuahuan raYens, and 1 great bluc heron. No dcad bird was 

discovcrcd during in-depth surveys along Highwar 2. However, cursory survcys 

along that same toad led to thc discovery in February 2002 of 1 great horncd owl 

(Bub() virginianus, under a woodcn pole fitted with a stcd cross-arm) and 1 unidcntificd 

ravcn (under a double dead-cnd concrete polc). 

Thc 9 dead birds east of Highway 10 werc found during sur,eys conductcd in 

Junc and July 2002. In Junc, we discovered 2 re<l-cailcd hawks (both with singe<l 

fr:athers) undcr the same concrete cangent structurc in thc arca of Colonia Hidalgo. 

In che vicinity of Ejido Hidalgo, 1 Chihuahuan raven with singed feathers was found 

at a tangent strucrure. Finally, ar Hacienda Corralicos, an unidentified hawk and a 

Chihuahuan ta\·cn both ha<l singed feathers. The ravcn was found undcr a doubk

dcad-end pole (this type of configuration was representcd in all 3 of the arcas 

surveye<l east of Highway 10). In July the same arcas wcrc revisited, leading to thc 

discovcry of 3 red-tailcd hawks and a great blue hcron, none of them with visible 

signs of electrocution. 

In northeastern Sonora in October 2002, we found a total of 10 dead birds 

along 3 power lines surveyed on foot. The remains of 2 turkey vultures, both of thcm 

with singed feathers, werc discovered undcr 1 of 11 concrete pales (a tang(:;nt 
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structure) near Ejido Cuitaca, west of Cananea. About 15 km east of Cananea, an 

inspection of 94 concrete poles near Ejido Zaragoza yielded a total of 7 ravens, 4 of 

which had singed feathers. Of these 7 ravens, 2 were identified as Chihuahuan 

ravens. Toe others were too incomplete or old to identify to spccies. A.long Highway 

2 to Naco, 1 set of o!d raven remains was discovered under 1 of 20 concrete poles we 

inspected. None of the pales along the 3 power lincs were doub!e dead-end units, 

and the 10 dead birds were found under pales with a variety of configuracions. 

In west-central Sonora, a total of 5 sets of bird remains werc found under 5 of 

the 23 double dead-end poles along the power line to Punta Chueca. Among the 

remains were those of 2 red-tailed hawks. The othcr 3 sets of rcmains could not be 

identificd, although 1 appeared to belong to a raptor species. None of the remains 

showed any signs of electrocucion, but ali except 1 of the 2 red-tailed hawks were old. 

In Baja California Sur, we found the remains of only 1 common raven (Corous 

corax) beneath a tangent concrete pole. No other dead bird was discovered during 

our sun·eys. Thc raven seemed to havc died severa} months prior to the survey. It 

presented singed fcathers. 

DISCUSSION 

While we were conducting this study, other people obsenTed additional dead birds 

under concrete pales in the JCG area. Reports of dead birds included those of 2 

golden eagles in February and Match 2002 O- Harris, pers. comm.), as well as 2 more 
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golden cagles, 3 fcrruginous hawks, and 1 turkey ·vulturc in January 2003 Q. Watson, 

pers. comm.). Togethcr \Vi.th the results of this and earlier studies (Cartron el al. 2000, 

2005), those additional findings by others bring the total of dead birds discovered 

sinceJanuary 1999 under concrete polcs to 292 (112 raptors, 178 ravens, and 2 great 

blue herons) in the JCG area. Elsewhere in Chihuahua (along Highway 23 anJ along 

Highway 2, as wdl as east of Highway 10), 22 (13 raptors, 8 ravens, and 1 great bluc 

heron) dead bir<ls have now been found under concre te polcs. For all of 

northwcstcrn Chihuahua, a total of 316 dead birds havc bcen documemcd to date. 

To this total could be addc<l a raven discovercd in 2001 un<ler a doublc wooden polc 

(Cartron el al 2005) and thc great horned owl disco\·crc.:d (in this srudy) under a 

woodcn pole .fitted with a stcd cross-arm (along Highway 2). 

In this study, no  dcad bird was founJ in central or eastern Chihuahua. In 

sorne of the arcas we explorcd, eithcr there were no distribution lim::s or all poles 

wen:: wooden. However, thc presence of perch guards on poles along Highway 10 

and ncw ·woodcn cross-arms in thc vicinity of Cd. Chihuahua suggest that in thmc 

ateas, bird e lcctrocut:icjhs were sufficiently frequcnt as to warrant the cost of 

retrofitting po!es. Togcther with findings of dcad birds through much of 

northwcstcrn Chihuahua, evidcnce of retrofitting in other parts of thc state thus 

suggcsts a '\v:idesprcad problem of bird elecrrocutions until the reccnt past. Based on 

this and carlier studies, it is likely that most elcctrocurions st atewi<le wcre associated 

with 2 spccics, thc rcd-tailed ha'\vk and the Chihuahuan raven. To date, golden eaglc, 
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bald eagle (Halimetu.r leucocepha!u.r), and ferruginous hawk mortality has been recorded 

only in the JCG prairie dog town area. As these 3 species are federally listed in 

México, the U.S., or both, this last pattern emphasizes the need to focus retrofi.tting 

efforts on thc JCG area in particular. During this study, a long stretch of the power 

line crossing the largest prairie dog town in the complex '\vas retrofitted using wooden 

cross-arms (retrofi.tting occurred after our last survey of that power line). However, 

many power lines with concrete poles have not yer been retrofitced. That is the case 

in particular with 1 small power line near San Pedro. Over a 6-month period, 1 dead 

bird was discovered per every 2 pole:c;, on average (see Cartron et aL 2005). 

Our study is the first to document raptor and/ or ra\'Cn electrocutions m 

Sonora and Baja California Sur. Neme of the birds discovercd in west-central Sonora 

showed sign:c; of electrocution. However, most of the remains were old, and bccause 

they werc found under double dead-end poles with double cross-arms, electrocution 

is a likcly cause of thc observed mortality. In northeastern Sonora, 2 of us (JLEC and 

RR) intcrviewed several CFE enginecrs and technicians, who confirmed a pase history 

of bird clccttocutions along Highway 2. According to th,se CFE employees, the 

incidence of bird elecrrocurions has decreased drastically since PYC has been used 

around steel cross-arms. Near Agua Prieta, use of PVC along Highway 2 bcgan in 

1999 or 2000, while in the Cananea area it datcd back to the year of our survey 

(2002). As in Chihuahua, the wide distribution of concrete: polcs, evidence of 

retrofitting in several of the areas that we visitcd, and fmdings of dead birds all 
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suggcst an important problcm of bird electrocutions on concrete poles through much 

of Sonora. Only in Baja California Sur did our survcys suggest that, although bird 

electrocutions occur on concrete pales, their incidcncc is likely fairly low. lnis may 

be simply becausc thc numbcr of concrete powcr pules in Baja California Sur is low. 

lt may also be due to the high density of cardan cacci in thc surrouncling vegetation in 

many areas. Because thcsc cacci stand approximately 8 m tall, power poles are not thc 

only vantage points available to raptors and ravcns, in contrast to survey areas in 

northeastem Sonora and in Chihuahua. In Baja California, conservation strategies 

should include maintaming a high number of cardons aroun<l concrete poles in arder 

to avoid clectrocucions. 

Our methodology di<l not allow us to compare thc incidence of bird 

clectrocucions as a funccinn of pole configuration. Howcver, Cartron et aL (2005) 

csrablished thar the incidcncc of bird electrocutiom was disproportionately high at 

double dead-end pales. As shm.vn by our study, thcsc polcs are \Videly distributcd, 

and thus they should be a priorit)' of al1 remaining rctrofitting efforts. Adclitional 

power-line surveys are ncc<lcd tn evaluate the impact nf concrete pales in arcas that 

have not yet been chcckcd, and to monitor thc succcs� of rctrofitting. Internacional 

funding to hclp retrofit all powcr lincs in the J:,.JC arca would also be beneficia!. 

Rccrofitting in the area is occurring, bue at a slow pace. :-..Icanwhile, conserYation 

sensitiw species such as thc ferruginous hawk an<l thc golden eagle continuc to 

cxpcricnce important mortality at least locally. 
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Appendix 1. List of raptor species in Baja California Sur (Migratory status: Res=Resident; 
Mig=Migratory). All species were recorded perching on cardan cacti except ferruginous 
hawk 

species 

Cathartes aural 

Pandion haliaetusl 

Elanus leucurus 

Haliaeetus leucocephalus 

Círcus cyaneus 

Accípiter striatus 

Accipiter cooperii 

Parabuteo unicinctust 

B11teo lineatusi 

B11teo swainsoni 

Buteo albonotatus 

Buteo jamaicensis l 

Buteo regalis 

Aquila chrysaetosl 

Caracara cheriwayi 

Falco sparveriusl 

Falco columbari11s 

Falco peregrinus1 

Falco mexicanus 

english common 
name 

turkey vulture 

osprey 

white-tailed kite 

bald eagle 

northern Harrier 

sharp-shinned hawk 

Cooper's hawk 

Harris's hawk 

red-shouldered hawk 

Swainsods hawk 

zone-tailed hawk 

red-tailed hawk 

ferruginous hawk 

golden eagle 

crested caracara 

American kestrel 

merlín 

peregrine falcon 

prairie falcon 

1 Recorded perching on poles. 
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mexican common name status 

zopilote aura Res/ Mig 

águila pescadora Res/Mig 

milano cola blanca Res 

águila cabeza blanca Res 

gavilán rastrero Mig 

gavilán pecho rufo Mig 

gavilán de Cooper Mig 

aguililla rojinegra Res 

aguililla pecho rojo Mig 

aguililla de Swainson Mig 

aguililla aura Res/Mig 

aguililla cola roja Res/Mig 

aguililla real Mig 

águila real Res 

Caracara, Res 

quebrantahuesos 

cernícalo Americano Res/Mig 

halcón esmerejón Mig 

halcón peregrino Res/Mig 

halcón mexicano Res/Mig 




