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BBeAeHMe

[Topa>keHUe SAEKTPOTOKOM Ha AUHUSIX
aaekTpornepeaad (ASl1) — oAHA U3 BayKHeE-
WIUX TIPUUUH TMOEAU XULIHLIX MTULL HA Tep-
PUTOPUU MHOTUX CTpaH mupa (Markus, 1972;
Haas, 1980; Ledger and Annegarn, 1981;
Ferrer and Hiraldo, 1991; LaRoe et al., 1995;
Harness and Wilson, 2001). Kak oTmeueHo B
MOCAEAHee BpeMsl B PsIA€ BOCTOYHOEBPOIen-
CKUX U azuatckux ctpaH (boarapus: Stoychev,
Karafeisov, 2004; BeHrpus: Bagyura et al.,
2004; KaszaxcrtaH: Karyakin, Barabashin,
2005; Poccus: Matsina, 2005; Pestov, 2005;
CaoBakusi: Adamec, 2004), rubeA nepHa-
TLIX XULIHUKOB OT SA€KTPUYECKOTO TOKa OCO-
6eHHO BLIcOKa Ha oriopax ASI1, croAbul u
TpaBepCLl KOTOPLIX CAEAAHLI U3 MPOBOASLLIE-
ro matepuaia (craAb, 6eToH u 1.1.). INTuua,
CUAsSILIAs HA TpaBepce, 3a3eMAEHAa, U, eCAU

Introduction

Electric utility structures are an important
cause of raptor mortality throughout much
of the world (e.g., Markus, 1972; Haas,
1980; Ledger and Annegarn, 1981; Ferrer
and Hiraldo, 1991; LaRoe et al., 1995; Har-
ness and Wilson, 2001). As documented
recently in several eastern European and
Asian countries (Bulgaria: Stoychev and Ka-
rafeisov, 2004; Hungary: Bagyura et al.,
2004; Kazakhstan: Karyakin and Barabashin,
2005; Russia: Matsina, 2005; Pestov, 2005;
and Slovakia: Adamec, 2004), the incidence
of raptor electrocutions is particularly high
where poles and crossarms are both made
of conductive material such as steel or con-
crete. A bird that perches on a crossarm
becomes grounded and it can be shocked if
it simply touches 1 energized wire (phase-
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OHa KOCHETCs MPOBOAA, HAXOASILIErocsl MoA
HarpsiKeHUeM, 3TO MOYKET MPUBECTU K KOPOT-
KOMY 3aMbIKaHUto. B otAnume ot onop A3l ¢
MPOBOASIIIYMU TOK TPABEPCAMU, TUOEAD MTULL
MeHee BeposiTHa Ha oropax ASI1, cToA6Ll u
TPaBePChl KOTOPLIX CAGAAHLI U3 HEMPOBOAS-
IUX TOK MaTepPUAAOB (Hanpumep, AepeBsH-
Hule). Ha oropax AaHHOTO TUMa rubeAL MTu-
LILI IPOUCXOAUT, ECAU OHA KacaeTcs cpasy 2-X
npoBoAoB (Ferrer and Jans, 1999).

C camLIX MepBLIX COOBUEHUN O CAyuYasix
rmbeAu MepHaTLIX XUIIHUKOB B pe3syALTaTe
MOpakeHUs1 SAEKTPOTOKOM Ha ceBepo-3ara-
Ae Yuxyaxya B 1999 r., uHppacTpykrypa
A3l MeKCUKU CTaAa MOBOAOM AASI GeCTOKOM-
CTBA MEKCUKAHCKUX U aMEPUKAHCKUX SKOAO-
ros (Cartron et al., 2000, 2005, 2006;
Manzano-Fischer et al., B neyatu). MHorue
A3l MeKCHKU UMEIOT OMopLI U3 Jkeaezobe-
TOHA, CO CTaALHLIMU TpaBepcamu (Cartron et
al., 2000, 2005, 2006; Manzano-Fischer et
al., B neyatu). Tak>ke WUPOKO UCTOAL3YIOT-
Csl AepeBsIHHLIE OMOpPLI CO CTaALHLIMU 3a-
3eMAEHHLIMU TpaBepcaMu. Yrposa nepHa-
TLIM XULHUKAM U APYTUM KPYIMHLIM NTULIAM
He OrpaHUYMUBAETCS BbLilleNepeYuCAEHHLIMU
KOHCTPYKLIUSIMU: TUOEADL MTULL IPOUCXOAUT U
Ha ornopax C OTMAaMKOM, U YrAOBLIX Oropax
(Cartron et al., 2005).

Ao HacTosilero BpeMeHu OCTaércsl Heuspe-
CTHLIM BAUSIHUE GETOHHLIX OIOp C 3a3€MAEH-
HLIMM TpaBepcamu Ha MTull B Maciutabe Bceit
Mexkcuku. 3a nocreaHve 7 AeT Mbl 3aCpUKCU-
POBaAU GOALIIOE KOAUUECTBO MEPHATLIX XU
HUKOB U BOPOHOB, MOTUGLINX OT SA€KTpUYEC-
KOro ToKa Ha cepBepo-3arnaie Mekcuku B
Yuxyaxya. Kpome Toro, pasoBbie uccrearoBa-
Hust ASI B CoHopa 1 KaaudpopHum taioke
BLISIBUAU TMOEAL MTULL OT SAEKTPOTOKA.

B sTom 0630pe cobpaHa UHGbOpMALIUS MO
CMepTHOCTU NMTUl Ha ASI, BKAloYatowas pa-
Hee HeolyOAUKOBAHHLIE AAHHLIE MOCAGAHUX
AeT (3a 2005-2006 rr.), ONMUCLIBAIOTCS MTU-

LINITEDY STATES

(ENTRAL AMERICA

to-ground contact). This is in contrast to
poles using non-conductive (e.g., wooden)
crossarms, where electrocution events are
less likely because they require a bird to span
the distance between 2 wires (Ferrer and
Jans, 1999).

Since the first reports of electrocuted rap-
tors from northwestern Chihuahua in 1999,
Mexico’s distribution power-lines have be-
come a matter of concern to Mexican and
U.S. conservation biologists (Cartron et al.,
2000, 2005, 2006; Manzano-Fischer et al.,
in press). Many of Mexico’s poles are built
with concrete poured over a framework of
metal rebar and then fitted with steel cross-
arms (Cartron et al., 2000, 2005, 2006;
Manzano-Fischer et al. in press). Also wide-
ly used are wooden poles with steel crossa-
rms that are often grounded. The threat to
raptors and other larger birds is further com-
pounded by concrete pole-to-phase and
phase-to-phase separations that are often
insufficient, together with exposed jumper
wires at equipment poles and double dead-
end poles (Cartron et al., 2005).

To date, the impact of concrete poles and
grounded crossarms on birds remains un-
known at the scale of Mexico. During the
last 7 years, however, we have document-
ed a large number of raptor and raven elec-
trocutions in the northwestern corner of one
Mexican state, Chihuahua. While more lim-
ited, additional power-line surveys in Sono-
ra and Baja California Sur have also led to
the discovery of electrocuted birds. Here we
provide an overview of the information col-
lected, including our latest (i.e., 2005-2000),
unpublished mortality data. We also describe
retrofitting materials and techniques used by
Mexico’s utility company, the Comision Fed-
eral de Electricidad (CFE), along with their
limitations. We provide several recommen-
dations for decreasing the incidence of bird
mortality on power poles in Mexico.

Area

Chihuahua, Sonora, and Baja California Sur
are located in northwestern Mexico (fig. 1).
The lower elevations are characterized by an

Puc. 1. ParioHbl uccheaoBaHuii AJI 1 (BbIAGAE€HDI LIBETOM)
Ha kapre Mekcuku. ViccaeaoBaHus B Ynxyaxya npoBo-
AVAVCD, MPEXAe BCero, Ha ceBepo-3anase Mekcuku, K
3arnaay ot AskaHoca u Kasac IpaHaec

Fig. 1. Map of Mexico showing (in colored) the 3 states
where power-line surveys have been conducted. Sur-
veys in Chihuahua were conducted primarily in the
northwestern corner of the state, west of Janos and
Casas Grandes
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Puc. 2. TpagsHble coob-
ecTBa C MECKUTOBLIMMU
AEPEBLSIMUA B CEBEPO-BO-
croyHou CoHope

Fig. 2. Mesquite grassland
in northeastern Sonora

ue3alwuTHle ycrpoiictea (I13Y), matepuann
U METOALI, UCTIOAb3yEMbIE CEPBUCHON KOM-
naHuen Mekcuku u MeaeparsHomt Komuccu-
el no arekTpocetam (CFE), ¢ ykazaHuem ux
HEAOCTaTKOB. Tak)ke CAGAAHO HECKOALKO pe-
KOMEHAALIUM MO YMEHbLUEHUID CMEPTHOCTU
ntuu Ha ASI B Mekcuke.

PaiioH MccAeAOBaAHMM

Yuxyaxya, CoHopa u KaaudpopHus pacrio-
AOKEHLI B ceBepo-3araaHoi Mekcuke (puc. 1).
CamMble HU3KME BO3BLILIEHHOCTU XapaKTepu-
3YIOTCS 3aCYLWIAMBLIM KAUMATOM U OTCYTCTBU-
€M BLICOKOPOCAOWM PAaCTUTEALHOCTU, B CBSI3U
C YeM 3AeCh HEAOCTAaTOYHO €CTeCTBEHHLIX
MPUCAA AAS TIEPHATLIX XUIIHUMKOB. Ha o6cae-
AOBAHHLIX TEPPUTOPUSIX PACTUTEALHOCTL
MPEACTABA€HA 3aPOCASIMU MYCTLIHHLIX KyCTap-
HUKOB coHopckoro tuna (HukHss Kaau-
chopHus, 3anaaHas u LleHtpasbHasi CoHo-
pa), YUCTO TPABSHUCTLIMU COOBLIECTBAMMU,
TPABSIHUCTLIMU COOBIIECTBAMMU C yyacTUeM
Meckuta (Prosopis) (puc. 2) U MeCKUTOBLIMU
KYCTApHUKOBLIMU 3aPOCASIMU (CEBEPO-BOCTOM-
Has CoHopa, ceBepo-3anaaHas Yuxyaxya).

YuéTHas naowaaka pasmepom 30x20 km
6LIAA 3aA0YKEHA Ha ceBepo-3arase Yuxyaxya
K 3anaay oT ropoaos XaHoc u Kacac 'paHaec
(puc. 1). B ueHTpe NMAOWAAKU HAa MAOLIAAU
30 TbIC. ra pacrnoAaraercs KOAOHUSI YepPHO-
XBOCTOM Ayrosoit cobauku (Cynomys
ludovicianus). PasHoo6pa3ue BUAOB MTULI
3A€Ch OYeHL BLICOKO B 3HAUYUTEALHON cTerne-
HU U3-3a HAAUUUS STO KOAOHUM, A TAKOKE U3-
3a MO3aUYHOCTU TUTMOB PACTUTEALHOCTU
(Ceballos et al., 2005; Manzano-Fischer et
al., B nevatn). Cpean Hauboree OBOLIYHLIX
XUIIHUKOB B TEUEHUE TMOCAEAHETO FOAA Ha-
OAIOASHMIA HA TAOILIAAKE KPYTALIA TOA OTMe-
YaAUCh KpaCHOXBOCTLI/ KaHIOK (Buteo
jamaicensis), amepuvKkaHckas nycreawra (Falco
sparverius) U meKcuKaHckuii cokoa (F.

arid climate and a lack of very tall vegeta-
tion —presumably resulting in a lack of natu-
ral perches for raptors. In our survey areas
vegetation types included Sonoran desert-
scrub (in Baja California Sur and west-cen-
tral Sonora) and pure grassland, mesquite
(Prosopis) grassland (fig. 2), and mesquite
shrubland (in northeastern Sonora and north-
western Chihuahua).

Our primary study area in northwestern
Chihuahua measures 30 km x 20 km and is
centered on a 30,000-ha black-tailed prairie
dog (Cynomys Iludovicianus) town complex
just west of Janos and Casas Grandes (fig. 1).
Local bird species diversity is high, due large-
ly to the presence of the prairie dog com-
plex, but also to the existing mosaic of veg-
etation types (Ceballos et al., 2005;
Manzano-Fischer et al., in press). Among the
most common raptors present year-round
in the area are the Red-tailed Hawk (Buteo
jamaicensis), American Kestrel (Falco
sparverius), and Prairie Falcon (F. mexicanus).
The Golden Eagle (Aquila chrysaetos) is rep-
resented by both year-round and wintering
populations. The Ferruginous Hawk (Buteo
regalis) is a common winter resident, while
the Swainson’s Hawk (B. swainsoni) is
present as a breeding summer resident. Both
the Ferruginous Hawk and the Golden Eagle
are listed as conservation sensitive in Mexi-
co (see Cartron et al., 2005).

The operational distribution voltage in
northwestern Mexico is typically 34,500
Volts (or 34.5 kV) (Cartron et al., 2005). Out-
side towns and villages, poles are installed
approximately every 100 m, and the most
common concrete or wooden pole configu-
ration is the three-phase tangent structure
(figs. 3/1, 3/2 and 3/3). Among other pole
configurations in northwestern Mexico is the
double dead-end structure with double cros-
sarms and exposed jumper wires, some or
all of which are routed above the crossarms
(fig. 3/4).

Methods

Most surveys entailed walking directly
under the conductors and searching the
ground for any bird remains near the base of
a pole. Whenever remains were found, their
location was recorded with a GPS hand-held
unit, and an attempt was made to determine
the cause of mortality. Singed feathers, en-
trance wounds (typically on the underwing),
and other burn marks with detached legs or
toes were all used to infer electrocution. The
configuration of every pole along power-
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mexicanus). E>keroaHo otTmedaAuch 6epKyTLl
(Aquila chrysaetos), Kak Oc€AAble, TaK U 3U-
Myolme, KOPOAEBCKUM KaHIoK (Buteo regalis)
— OBLIUHLIV 3UMYIOLINA BUA U KaHIOK CBEHCO-
Ha (B. swainsoni) — BUA, pasMHOMKalOWUACS
Ha UCCAeAyeMoil Tepputopun. Koporesckuii
KaHIOK U 6epKyT — 3TO BUALI, OXpaHseMLIE B
Mekcuke (cm. Cartron et al., 2005).

B ceBepo-3anaaHoii Mekcuke Hauboree
pacnpoctpaHeHbl ASI T HanpskeHuem 34 500
BOALT (MAU 34,5 kB) (Cartron et al., 2005).
BHe ropoAoB U AepeBeHL OMopLl YCTAHOBAE-
HbI PUBAUBUTEALHO Yepe3 Kaxkavie 100 m.
Nx Hanboree OBLIUHASI KOHCTPYKLMS — Be-
TOHHasl UAU AepeBsiHHas T-oBpasHas oropa
c Tpems ¢pazamu (puc. 3—1, 3-2, 3-3). Cpe-
AU APYTUX KOHCTPYKLIUIA OMOp BCTpevatoTcs
T-o6paszHule oropul € ABOMHLIMU TpaBepca-
MU U OTMAaKOM’ Ha U3OASITOPaX, PACTIOAOMKEH-
HLIX Ha BepliMHe TpaBepca (puc. 3-4).

MeToABI

B xoAe neimx mapupyTos 6LIAO MPOBEAE-
Ho obcaeroBaHUe GoabwMHCTBA ADIT AAs
MOUCKA OCTAHKOB MTULL, AeXKallUX MOA Oro-
pamu. KoopaMHaTLl MecT, rae€ HaXOAUAUCH
OCTaHKU, (PUKCUPOBAAUCL C MOMOLLLIO Mep-
COHAALHOTO CITYTHUKOBOTO HaBuratopa (GPS),
oTMeyaAach KOHCTpykuus onopul ASI1 u
MPEANPUHUMAAUCL MOTLITKA YCTAHOBUTL MPU-
YuHy cMepTy NTUl. OnaréHHLIE NMepbsl, OXKo-
M (B OCHOBHOM, Ha MOAKPLIALSIX) U Apyrue
CAEALI O)KOTOB, MPEeUMYLIECTBEHHO Ha Aamax,
SIBASIAMCL CBUAETEALCTBOM CMEPTU MTULL OT
3SAEKTpUYEcKoro Toka. [NoApobHee MeTOAU-
K& UCCAEAOBAHUSI TPUBOAUTCS B MyOAUKALIMU
Cartron et al. (2005, 2006).

Y4&T M OlleHKA CMEPTHOCTH

Ha ceBepo-3anaae Yuxyaxya c sHBaps
1999 r. no mapt 2005 r. noa onopamu A3l
Bcero 6LIAO HalaeHO 454 MEpPTBLIE MTULILI
(Cartron et al., 2000, 2005, 2006, Heory6-
AUKOBaHHLIE AaHHLIe; A. Lafon, AuuHoe co-
obueHue). MNMpaKTUUECKU BO BCEX CAyUasixX
(KpoMe HeCKOALKMUX) CBeXXue Tpymnbl MTUL
VMeAU SIBHLIE BHELIHUE MPU3HAKU TUGEAU OT
3AeKTpuyeckoro Toka (puc. 4, 5). Cayuau ru-
6eAn BLIAU 3adPUKCUPOBAHLI KaK Ha 6eTOH-
HLIX (B T.4. uMetowmx IN3Y), Tak U Ha Aepe-
BSIHHLIX OMOPAaXx CO CTAaALHLIMU TPaBEpPCaAMMU.

Bcero 6LiA0 oTMeyeHo 16 BUAOB Moruéumx
MTUL, U3 HUX 14 BUAOB MEPHATLIX XUILHUKOB.
BoAbmUHCTBO (57%) MEPTBLIX NTUL OLIAU
BOPOHaMM, U, XOTsl O6LIUHLIN BopoH (Corvus
corax) TaKk)Ke MPUCYTCTBYET B CEBEPO-3araA-
Hoit Unxyaxya (Manzano-Fischer et al. B ne-
yaTu), Bce MepPTBLIE BOPOHLI GLIAU OrpeAe-

Puc. 3. PasanuHble BapuaHTLbl nTuueonacHsix onop AJ[:
1. KpacHoxsocrbiii KaHiok (Buteo jamaicensis) Ha T-06-
pasHoi 6eTOHHOI orope C TpeMs usoastopamu. 2. T-
ob6pasHasi 6ETOHHAs1 OMopAa C TPEMsI TOKOHECY LIMMM U30-
ASITOPAMU HA CTAALHOM TPAaBEpPCE U CO CTaTU4eCKUM
MPOBOAOM C IPOMOOTBOAOM Ha BepluuHe ornopsbl. 3. Ae-
PEBSIHHAsI OMopa CO CTaALHBIM TpaBepcoM. 4. beToHHas
oropa ¢ ABOMHLIMU TPABEPCAMMU, HECYIIMMU U3OASITOPbI
c ornarkoi Ha BepumHe. Moro XanH-Nok E. KaprpoH

Fig. 3. Different types of electric poles dangered for
birds: 1.Red-tailed Hawk (Buteo jamaicensis) on electric
poles. 2. Tangent concrete pole, with an overhead static
wire attached on the pole top for lightning protection,
and all 3 wires supported on the steel crossarm. 3.
Wooden pole with a grounded steel crossarm. 4. Double
dead-end concrete pole with exposed jumpers all
routed above the steel double crossarms.Photos by
Jean-Luc E. Cartron

lines was also recorded. Our survey meth-
odology is detailed in Cartron et al. (2005,
2000).

Observed and estimated mortality

From January 1999 through March 2005,
454 dead birds were found under power
poles in northwestern Chihuahua (Cartron et
al., 2000, 2005, 2006, unpubl. data; A. La-
fon, pers. comm.). In all but a few cases,
fresh, complete carcasses presented exter-
nal signs of electrocution (figs. 4, 5). Mor-
tality was observed at both concrete and
wooden poles with steel crossarms. Mor-
tality was noted also at retrofitted concrete
poles.

The dead birds belonged to a total of 16
(14 raptor) species. Most (57%) dead birds
were ravens, and although the Common
Raven (Corvus corax) is present in northwest-
ern Chihuahua (Manzano-Fischer et al. in
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AeHBLl KaK 4YuxyaxyaHckue BopoHbul (Corvus
cryptoleucus). 3a UCKAIOUEHUEM 3 GOALLIMX
roay6rix uarneAs (Ardea herodias), Bce oc-
TaAbHLIE OBHapY)KEHHLIE MEPTBLIE MTULILI
OLIAV XUILHUKAMU, U CPEAU HUX AOMUHUPO-
BaA KPACHOXBOCTLIN KaHIOK (puc. 6). Takke
4acTo BCTPEYaAUCh BEPKYTLI U KOPOAEBCKUE
KaHIOKU. B TeUeHMe MocAeAHero roaa uccae-
AOBAHU BriepBbie OLIAM 3aPErucTpPUPOBAHLI
KaHoOK Xappuca (Parabuteo unicinctus) u
caricaH (Falco peregrinus) (puc. 6) (Cartron
et al., HeonyOAUKOBAHHLIE AAHHLIE).

3 Bcex 454 obHapysKeHHLIX TPymos, 423
(93 %) 6LIAM OBHapY KEHLI HA YUYETHOM TMAO-
lIaAKe Ha ceBepo-3anase Yuxyaxya. B nepu-
oA ¢ aekabpst 2000 r. no HosbpbL 2001 r. Ha
AAHHOU TEPPUTOPUU UCCASAOBAHUST MPOBOAU-
AUChL €)KEMECSUHO, U BLIAO HaliaeHO 178 (39%)
TpynoB (Cartron et al., 2005). Apyrue 95
(21%) 6LIAM HaliaeHLI ¢ Mast 2005 r. o mapT
2006 1., KOTAA HABAIOAEHUS POBOAUAUCE TaK-
JKe eXXeMecCsI4YHO UAU pa3s B ABa Mecsula
(Cartron et al., HeONYyOAMKOBAHHLIE AAHHLIE;
A. Lafon, AuuHoe coobuieHue). B 2003-2004
IT. UCCA€AOBAHUS Ha YYETHOM MAOILAAKE MpaK-
TUYECKU HE MPOBOAUAUCL, U B TEUEHUE STUX
2-X AeT BLIAO HaliAeHO TOALKO 30 rnorubumx
nTuUd, 25 13 KOTopLiX oBHapY KUA A. AsichoH
(A. Lafon, AuyHoe coobieHue). Takum ob-
pasom, 423 mepTBLIe MTULLI, HAIAGHHLIE Ha
YYETHOM TMAOLIAAKE, BEPOSITHO, MPEACTaBAS-
AU TOABLKO YaCTh PEAALHOW CMEPTHOCTU MTULL.

[Mo HalWMM OLIEHKaM CMEPTHOCTL MTUL B
nepuvoA ¢ 1999 no 2005 rT. coctaBuAa Kak
MuHUMYM 997 nituu (u3 kotopbix 40-50 %
COCTaBASIIOT MepHATLie XUIHUKK). DTa OLIeH-
Ka OCHOBaHA Ha €>KErOAHOW CMepPTHOCTM 3a
1999-2002 IT. U CpaBHUMA C HALIUMU HaBAIO-
ASHUSIMU B MEpPUOA ¢ Aekabps 2000 mo Ho-
s16pb 2001 r. B 2003 r. nTuueonacHas Al ¢
BLICOKOW CMEPTHOCTLIO MTUL BLIAA YACTUYHO
ocHaueHa [13Y, 1 uncao norubumx ot rnopa-
JKEHUS1 SAEKTPOTOKOM MTULL HA HEWl YMEeHbLLIU-
Aoch. TaKUM 0Bpa3oM, Ha YUETHOI MAOIIAAKE
rubeADb MTULL OT SAeKTpuUeckoro Toka ¢ 2003
no 2005 r., BO3MO>KHO, HoAee cornocTaBuma
CO cMepTHOCTLIO, HabAoaaemoit B 2005—
2006 rr. MocKkoALKY oLieHka B 997 noru6-
wmx Ha AT nTuu 3a 7-Mu A€THU NEPUOA He
VUUTLIBAET TPYTILI, KOTOPLIE UCUYE3AU AO UX O6-
Hapy>KeHUst (GLIAV YTUAUZUPOBAHDI MAAAALLIN-
Kamu), BEpPOSTHO, haKTUieckass CMEpPTHOCTbL
B 1999 — 2005 rr. 6LIAA HAMHOTO BLILIE.

HabAlosaemast cmepTHOCTL B TedeHue 2000—
2001 rT. UCcAeAOBAHUIA HA YUYETHOM MAOLIAAKE
cocTaBuAa B cpeaHeM 15,36 ocobeit/10 km
MAST1. XoTs MHorue w3 ntvu rmbau Ha AST,
MPOXOASLIMX YEPE3 KOAOHUM AYTOBOM cobau-
KU, camasi BLICOKasi CMEPTHOCTL OTMEYAAACh Ha

press), all dead ravens identified to species
were Chihuahuan Ravens (Corvus cryptoleu-
cus). Except for 3 Great-blue Herons (Ardea
herodias), all other dead birds were raptors,
and among them the Red-tailed Hawk was
the species most frequently identified (fig. 6).
Other dead raptors often detected included
the Golden Eagle and the Ferruginous Hawk.
Two species were recorded for the first time
during the last survey year, the Harris’s Hawk
(Parabuteo unicinctus) and the Peregrine Fal-
con (Falco peregrinus) (fig. 6) (Cartron et al.,
unpubl. data).

Of the total 454 detected carcasses, 423
(93%) were discovered in the primary study
area in northwestern Chihuahua. In particu-
lar, 178 (39%) were discovered in the pri-
mary study area from December 2000
through November 2001, at a time when
surveys were conducted monthly (Cartron
et al., 2005). Another 95 (21%) dead birds
were discovered between May 2005 and
March 2006, when surveys were again
monthly or bimonthly (Cartron et al., unpubl.
data; A. Lafon, pers. comm.). In contrast,
survey coverage in the primary study area
was reduced in 2003 and 2004, and during

Puc. 4. lNorn6umii Ha ASI1 KPaCHOXBOCTLIN Ka-
HioKk (Buteo jamaicensis) ¢ o6ropesummu ma-
XOBBLIMM, BbIBEWIEHHDLIN HAa 3a60pe BAAAEALLIEM
paHdo. doro XKan-Nrok E. KaprpoH

Fig. 4. Dead Red-tailed Hawk (Buteo jamaicen-
sis) draped over a fence presumably by a local
rancher, about 10 m from the base of a concrete
pole (not shown on photo). Note the extensive
amount of singing on the wings. Photo by Jean-
Luc E. Cartron
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Puc. 5. lNorm6bmni ka-
HroK Xappwuca (Parabuteo
unicincus) ¢ o6mMpPHLIM
0JOromM B 06Aactu XBOC-
Ta. doro )KaH-Arok E.
KaprpoH

Fig. 5. Dead Harris’s
Hawk (Parabuteo unicin-
cus). Note the extensive
amount of singing on the
tail feathers. Photo by
Jean-Luc E. Cartron

AT, nepecekaloWMX TEPPUTOPUU C HU3KO-
POCALIMU 3aPOCASIMU SCPEAPLI, TAS AYTOBOIA
cobauku HeT (1 MEpTBasi NTULA HA KayKALIE 2
onopul ASI' B TeueHue roaa) (Cartron et al.,
2005). DOALIWKMHCTBO OMNop, MOA KOTOPLIMU
6LIAU OBHAPY>KEHbI MEPTBLIE MTULLI, BLIAU
T-o6pazHuiMu. OAHaKO HaBAOAAEMAsT CMEPT-
HOCTL NMTUL Ha T-06pa3HLIX Oropax C ABOAHLI-
MU TpaBepcaMu U UBOAITOPaMU C OTMANKO! Ha
BeplinHax (puc. 3—4) 6uira NPUOAUIUTEALHO
B 4 pasa Bbille O CPABHEHUIO C MPOCTLIMU
T-o6pazHuiMu (Cartron et al., 2005).

3a npeAeAraMu YUETHOM MAOWIAAKU UCCAE-
AOBAHUSI BEAUCL OTPAHUYEHO: BOALLIMHCTBO
AST1 nocewaroch oaHokpatHo. U3 30 Haii-
AE€HHLIX MEPTBLIX ULl 13 (43 %) 6LIAU Kpac-
HOXBOCTLIE KAHIOKU, 9 — BOPOHLI, 2 — BUP-
rMHCKUe huauHbl (Bubo virginianus), 1 —
MeKCUKAHCKUM cokoA (Falco mexicanus), 1
— GoAblasi Toaybast LanAs u 4 Heorno3HaH-
HLIX XUIHUKA. [1o pe3yAstataM MoBepXHOC-
THLIX OCMOTPOB 731 GeTOHHOl onopLl Co
CTaALHLIMU TpaBepcaMu, MPOBOAUMBIX €XKe-
MECSIYHO B XOAE ABTOMOOUALHLIX MAPLIPYTOB,
YUTEHHasl CMEPTHOCTbL MTULL B TEYEHUE TOAA
coctaBuAa okoao 1,57 ocobeir/10 km AN
BAOAL ABYX Wocce (].-L. Cartron, Heomny6Au-
KOBAHHLIE AQHHLIE).

B wrare IOykHas HuokHs1s1 KaaudpopHUst Mul
NPOBEAU OAHOpPa3oBbie ocMoTpbl AJIT ¢ Be-
TOHHLIMU OMOpPaMU U CTaALHLIMU TpaBepca-
mu (n = 608) u oBHAPY>KUAU TOALKO 1 Bopo-
Ha (Cartron et al., 2006), HO no3)ke OLIA
HaAeH MorubWmii KPACHOXBOCTDLIN KAHIOK.

B wrate CoHOpa UCCAE€AOBaHUS MPOBOAU-
AUCDL Ha ABYX Tepputopusix. Ha ceBepo-Boc-
Toke COHOpLI B 061EN CAOYKHOCTU BLIAO Haii-
AeHO 10 MEPTBLIX NTUL B XOA€ OAHOPA3OBLIX
noceuwenuit Tpéx Al B okt6pe 2002 r.
(Cartron et al., 2006). Cemb u3 stux 10 ntuu
6LIAM BOPOHAMU, KOTOpbie OBHAPY KEHDLI HA
yuactke ASI1 ¢ 94 GeToHHLIMU onopamu. B
3araAHoM U LeHTpaAbHOW CoHOpe HaMAeHbLI

those 2 years only 30 dead birds were found,
25 of them by another investigator (A. La-
fon, pers. comm.). Thus, the 423 dead birds
found in the primary study area likely rep-
resented only a fraction of actual mortality.
If surveys had always been conducted
monthly, we estimate observed local mor-
tality between 1999 and 2005 would have
been a minimum of 997 birds (with approx-
imately 40-50% of this estimate represent-
ing raptor mortality). That estimate is based
on annual mortality during 1999-2002 be-
ing comparable to that observed during our
surveys between December 2000 and No-
vember 2001. In 2003 a power line with
previously high mortality was partially ret-
rofitted, and the numbers of electrocuted
birds found along that power-line de-
creased. Thus, the incidence of bird elec-
trocutions in the primary study area from
2003 through 2005 might have been more
comparable to mortality observed during
2005-2006 surveys. Because the estimate
of 997 electrocuted birds within the 7-year
period does not take into consideration car-
casses that disappeared before detection
(scavenger and searcher biases), it is likely
actual mortality from 1999 through 2005
was (much) higher.

Observed mortality during the 2000-
2001 survey period averaged 15.36 dead
birds / 10 km of power-lines in the primary
study area. Although many of the dead birds
were along power-lines in prairie dog
towns, the highest incidence of bird mor-
tality was along a power-line crossing a low
Ephedra shrubland without prairie dogs (1
dead bird for every 2 poles over the course
of 1 year) (Cartron et al., 2005). Most of the
poles with detected dead birds were tan-
gent poles. However, the observed inci-
dence of bird mortality per pole was approx-
imately 4 times higher for double dead-end
poles with double cross-arms (fig. 3/4) com-
pared to the tangent configuration (Cartron
et al., 2005).

Qutside the primary area, survey cover-
age was very limited, and most power-lines
were surveyed only once. Of 30 dead birds
found, 13 (43%) were Red-tailed Hawks,
with also 9 ravens, 2 Great-horned Owls
(Bubo virginianus), 1 Prairie Falcon (Falco
mexicanus), 1 Great Blue Heron, and 4 uni-
dentified other raptors. Based on cursory
inspections of 731 concrete poles with steel
crossarms conducted monthly from a mov-
ing car (while driving to and from our pri-
mary study area), observed mortality over
the course of 1 year amounted to an ap-
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5 MEPTBLIX MTULL MOA 5-10 U3 23-x T-obpas-
HLIX OIMOpP C ABOMHLIMU TpaBepcamu. Apyrue
OMNopLl C A€PEBSIHHLIMU TPaBEpPCaMU, KOTO-
puie 6LIAu 06opyAoBaHbl [13Y, He 6LIAM Npo-
BepeHLl. B arpeae 2006 r. sta ASI1 6LiAa
CHOBa ocMoTpeHa. Ha npoctbix T-o6pasHLixX
oropax MpPOBEASHA 3aMeHa CTaAbHLIX Tpa-
BEPC C U3OAITOPAMU HA BEPLIMHAX, HA Tpa-
BEPCLI C MOABECHLIMU U3OASITOPaMU, HO OIO-
Pbl C ABOMHLIMU TPABEPCAMU OCTAAUCHL He3
U3MeHeHU. B XoAe NMOBTOPHOTO nocemeHust
AT 6LIAM OBHAPY KEHLI TPYMLI TPEX FPU-
hoB-uHAeek (Cathartes aura): 1 — noa orno-
]pOVi C ABOMHLIMU TPaBEpPCaMU U 2 — MOA Te-
Ppeo6opyAOBAHHLIMU OMOPAMMU.

[loAHas1 OLIEeHKA BO3AEMCTBUSA
6GETOHHBIX OMOP M 3a3eMAEHHDBIX
TpaBepc

CriycTsi cemMb A€T MOCAe MepPBLIX cooble-
HUM O TMOEAU MTUL B pe3yALTaTe MOpPaske-
HUS 3AeKTpoToKoM Ha AST B Mekcuke, y Hac
BCE ellé o4YeHb MaAO UH(POPMALIUU O BAUS-
HUU KOHKpeTHLIX A3 u TMNoB Tpaeepc.
HeboAblyo MHpopMaLUIO MO CMEPTHOCTU
nTUl NpeaoctaeasieT DeaeparbHas Komuccus
O SAEKTPOCETSIM, HO (PUHAHCUPOBAHUS AAS
MPOBEASHUS LIMPOKOMACIITAGHLIX HE3ABUCU-
MBLIX UCCAEAOBaHU HEAOCTATOUYHO.

DOoAbLAst YACTL HALIMX UCCAEAOBAHUM BbiAd
OPUEHTUPOBAHA Ha ONpPeASAeHUE BCex chak-
TOPOB, KOTOPLIE MPUBOAST K TMOGEAU MTUL OT
aAeKkTpuyeckoro Toka B CeBepHoit Mekcu-
Ke. McrioAb3oBaHMe TOKOMPOBOASLIETO MaTe-
pUara AAsl OMOP U TpaBepcC SIBASIETCS MPO-
GAEMOI, HO TAK)KE HEAOCTATOYHO Pa3AEAEHUS!
hasnl U TpaBepChl UBOAITOPOM U pPaA3AEAe-
HUsl chas. Hawm AaHHLIe Mo rubeAu ot nopa-
JKEHUSI SAeKTpoToKoM Ha AST natu amepu-
KAHCKUX MYCTEALT U BOAOTHO coBLI (Asio
flammeus) NpeAnoAaraior, YTo MEAKUE MTu-
Libl TaKOKe MoABepraiorcsl pucky. Cyuectsyer
BO3MOYKHOCTDL, YTO HEKOTOPLIE MTULILI TUOHYT
B pe3yAbTaTe o6pa3oBaHUe BOALTOBOWA AYTH,
KOTOpasi o6pasyeTcsl Ha PacCTOSIHUM U yBe-
AUUMBAETCSl MPU YBEAUUEHUU HAMPSKEHUS.
MNpu 34,5 KB o6pazoBaHue Ayru MOMKET
MPOou30iTU B NpeAaerax 10 cm oT MPOBOAHU-
ka (S. Frazier 2006, AM4yHOe cooblieHue).
DAEKTPOMArHUTHLIE BOAHLI MOTYT YBEAUUU-
BaTb 5T0 paccrosiHue. OBAACTL UCCAEAOBAHUM
AEXKUT Ha TEPPUTOPUU C BLICOKUM YPOBHEM
atMoccpepHoro arekTpudectsa (40 — 50 AHell
C IPO3aMU €KETOAHO), U MOAHUU MOTYT YAAQ-
PATL B METAAAMYECKUE TPAaBEPCLI, MPOXOAS
yepes oropy, UAU B Apyrue 3a3eMAEHHLIEe
KOHCTpyKUMU. B ceBepo-3anaaHoit Yuxyaxya
HEPEAKO UCIMOAL3YIOTCS IPOMOOTBOALI, HO

proximate ratio of 1.57 dead birds for eve-
ry 10 km of power-line along 2 highways
(J-L Cartron, unpubl. data).

In Baja California Sur, we conducted one-
time surveys of all power-lines with con-
crete poles fitted with steel crossarms.
Baja California was found to have fewer
(n = 608) concrete poles than Chihuahua.
We detected only 1 electrocuted Common
Raven during the surveys (Cartron et al.,
2006), but a Red-tailed Hawk was later
found under a concrete pole. In Sonora,
surveys were conducted in 2 areas of the
state, both of which had numerous con-
crete poles. In northeastern Sonora, a to-
tal of 10 dead birds were found during
one-time surveys along 3 power-lines in
October 2002 (Cartron et al., 2006). Sev-
en of the 10 birds were ravens along a
stretch of power-line with only 94 con-
crete poles. In west-central Sonora, 5 dead
birds were found along 5 of 23 double
dead-end poles. The other poles, which
had been retrofitted with wooden cross-
arms, were not checked at that time. In
April 20006, the line was again inspected.
Steel crossarms had been reinstalled on
tangent poles, but the conductors were
now routed under the crossarms. No cor-
rection had been made at the double dead-
end poles. Three dead Turkey Vultures (Ca-
thartes aura) were found during the survey,
1 at a double deadend pole, but also 2 at
the newly retrofitted tangent poles.

Overall assessment of the impact
of concrete poles and grounded
crossarms

Seven years after the first reports of elec-
trocuted birds in Mexico, there is still very
little information available on the impact
of concrete power poles and grounded
crossarms on birds in Mexico. Little mor-
tality information has been made accessi-
ble by CFE, and funding is lacking for in-
dependent research to be conducted on
a large scale.

Much of our research has been geared
toward identifying all the factors that may
contribute to a high incidence of bird elec-
trocutions in northern Mexico. Use of con-
ductive material for poles and crossarms
is problematic, but insufficient pole-to-
phase and phase-to-phase separation as
well as exposed hardware further com-
pound the problem. Our findings of 5
American Kestrels and 1 Short-eared Owl
(Asio flammeus) among electrocuted rap-
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MpU UX pacripeAcAeHUn BAOAL AT, BUAU-
MO, PYKOBOACTBOBAAUCLH 3aAaYeli He MPeAoT-
BPAILEHUS, & AUILL PETYAMPOBaHUsI MPOBOeB
(T.€. NPOBOU AOTYCTUMDI, HO TOALKO TaM, TAE
YCTAaHOBAEHO MeHee LIeHHOe OB0PYAOBAHUE).

[MAaowaas, Mekeuku — 1 970 000 km?, yto B
3 283 pas 60Ablle Hallel YYETHON MAOIIAA-
Ku. [Npoctasi skcTpanoAsiuMs MUHUMAALHOM
OLIEHKU CMEPTHOCTU Ha MAOLIAAKE AASI BCel
TEPPUTOPUU CTPAHDbI HEKOPPEKTHA: BOALLIAS
yacTb MeKCUKM ocTaeTcsl MAaAOOCBOEHHOM, U
AST1 NpOTSIHYAUCHL AUIIL BAOAL TAABHLIX aB-
ToTpacc. Ha tore pacTUuTeALHOCTL MepPeXOAUT
B TPOMUYECKYIO, U MOSIBASIIOTCS BLICOKUE Ae-
PEBLS, KOTOPLIE MOTYT CAY)KUTL €CTeCTBEH-
HLIMU MPUCAAAMMU, YTO, BEPOSITHO, YMEHbLIA-
€T UCMIOAL30OBAHUE XUIIHUKAMU U BOPOHaAMU
onop AST1. Kpome Toro, uzobuame KOAOHUIA
AYroBoii cobauku 6Au3 XaHoca oBYCAABAU-
BaeT BLICOKYIO KOHLEHTPALMIO XULIHLIX NTULL
Y BOPOHOB U, COOTBETCTBEHHO, UX BLICOKYIO
cMepTHOoCTL Ha AT (Manzano-Fischer et al.,
B neyatu). B yAareHUM oT KOAOHUI AYTroBOM
cobauky HabAOAAEMAS] CMEPTHOCTL BAOADL
ABYX MEKCUKAHCKUX wocce Ouira B 10 pas
MeHblIe, YeM Ha YYETHOM MAolaAKe. Tem He
MeHee, AaJKe 3TOT YPOBEHL CMEPTHOCTU OT-
HIOAL HE MOYKET CUMUTATLCSI HE3HAUUTEALHLIM,
€CAU MPEACTABUTL €70 B MacliTabax CTPaHLI.
Bao6aBok, uccaeaosanus B COHOpe yKasLiBa-
10T HEMPEMEHHOE CyIIEeCTBOBAHUE U APYTUX
PalicHOB C MOBLILEHHON CMEPTHOCTLIO, MO-
MUMO KOAOHUI AYTOBOM coBauku B paioHe
XaHoc — Kacac 'paHAec, 06yCAOBEHHOIA MO~
BLILIEHHOM MAOTHOCTLIO MEPHATLIX XULIHUKOB.

[TMuesammMTHLIE MeponpmaTusa m mx
HEAOCTATKM

o kpaiHeit mepe ¢ 2000 r. CFE crara Be-
CTU mMpokomacitabHoe obopyaosaHue ASI]

Buteo jamaicensis

Buteo regalis

Aguila chrysaetos
Cathartes aura
Falco mexicanus

Falco sparverius
Bubo virginianus
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Bureo swainsoni
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tors suggest that even smaller birds are
at risk. The possibility exists that some
birds are electrocuted through arcing,
which occurs over distances that increase
with increasing voltage. At 34.5 kV, arc-
ing may occur within 10 cm of a conduc-
tor (S. Frazier 2000, pers. comm.). Surges
can increase that distance. The primary
study area is in a region with a high isok-
eraunic level (i.e., 40 to 50 thunderstorm
days per year), and lightning strikes cre-
ate voltage surges that may lead to
flashovers as the surges seek a pathway
to the ground. Lightning flashovers can
occur on grounded crossarms, down
poles, or through any grounded equip-
ment. Surge arresters are commonly used
in northwestern Chihuahua but their spac-
ing along power lines likely manages rath-
er than eliminates all flashovers (i.e., al-
lows flashovers only where equipment is
less expensive). This assumption is sup-
ported by the high number of shattered
pin insulators seen on the ground through-
out the primary study area.

Mexico has a territory of 1,970,000 km?,
or 3,283 times the size of the primary
study area. Simply extrapolating from our
minimum mortality estimate for the study
area to the entire country is not realistic.
Much of Mexico is still undeveloped, with
power-lines only along or near main high-
ways. Southward, the vegetation becomes
tropical, and trees can serve as tall, natu-
ral perches, likely reducing use of power-
poles by raptors and ravens. Further, the
Janos prairie dog complex likely experi-
ences a particularly high incidence of bird
electrocutions due to high local abun-
dance of ravens and raptors (Manzano-
Fischer et al., in press). Away from the
prairie dog complex, observed mortality
along 2 Mexican highways was 10 times
less than in the primary study area. None-
theless, that level of mortality is far from
negligible if representative of mortality on
a large scale. Additionally, the surveys in
Sonora suggest strongly the existence of
additional hotspots (i.e., areas with very high
mortality) besides the Janos-Casas Grandes
prairie dog complex, and more can be ex-

Puc. 6. Amarpamma cMepTHOCTU pa3HLIX BUAOB Mep-
HaTbIX XMIWHUKOB B Yuxyaxya c siHBapsi 1999 r. no
mapr 2006 r. XumHUKU, He ONMpeAeAeHHbIe AO BUAQ,
UCKAIOY €HbI

Fig. 6. Breakdown of raptor mortality by species in Chi-
huahua, January 1999 through March 2006. Raptors not
identified to species are excluded
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[13Y. INuuesawmTHLie MeponpusiTus B Yuxy-
axya u CoHope COCTOSIAU TAABHLIM o6pa3om
U3 3aMeHbI TPaBEPC Ha BETOHHLIX OMopax.
Peske Ha TpaBepcbl yCTAaHABAUBAAUCH MAAC-
TMacCCOBbLI€ WUMLI, OTMYrMBalOWMUe MNTUL
(puc. 7-1). CFE T1aKoke UCIOAL3OBAAU MOAU-
BUHUAXAOPUA ([TBX) Ars u3oAsILIMM TpaBepc
(puc. 7-2) AU NMPOBOAOB, HAXOASILUIMXCS MOA
HanpsbkeHveM. Ha nocaeaHem stane Hawmx
UCCA€AOBAHUM (KOTOPLIE BCE ellé MPOAOAKA-
I0TCS) MBI MPOBOAUAU MOHUTOpUHT A3IT ¢
[13Y, AAst oueHKU 3chpeKTUBHOCTU NTULIe3a-
IIMTHBLIX MEPOTPUSITUIA U MPOYHOCTU MaTePU-
aroB. Anpuopu oueHuBaauch ycuaus CFE o
3ammre NTul Ha A3, UCXOAS U3 CAeAYIOMUX
cpakTopos: 1) NBX, Kak U3BECTHO, pa3pylia-
€TCSl TTOA BO3AEMCTBUEM YALTPACOUOAETOBOTO
UBAYYEHUST U, TAKUM OOPA3OM, HEAOATOBEYEH;
2) nokpuitue NBX BOKpyr NpoBoAoB obec-
MEeYUBAIOT TOALKO YaCTUYHYIO U3OASILUIO; 3)
13V B BuAe AepeBsHHLIX TpaBepc U [BX-uzo-
ASILIMM HYACTO HUKAK HE PelialoT MpobAeMy He-
AOCTAaTOYHOTO pa3A€AeHUs1 ornopul U pasbl, a
TaKoKke has Mexkay coboit.

HayvaAbHLIE MOHUTOPUHT MOKasaa, uto 3ch-
chbekTMBHOCTL [13Y HeoAHO3HauHa. MEpTBLIE
nTULLE GLIAM OBHapPY KEHLI HA OMopax C OT-
MYTUBAIOWMUMU LWIUTMAMU U AEPEBSIHHLIMU TPa-
Bepcamu (Cartron et al. HeormyBGAUKOBAHHbIE
AaHHLIE). B HEKOTOPLIX CAyYasiX OMopLI C Ae-
PEBSIHHLIMU TPABEPCAMU UMEAU OTMANKY UAU
HEAOCTaTOYHOe pasAeAeHue pas. [BX-uzo-
ASILMS U TAAQCTMACCOBLIE WUMLI Pa3pyIIUAUCH
U OTBAAMAUCHL C HECKOALKUX OTMOpP B TeYeHUe
HECKOALKUX MECSILIEB MOCAE UX YCTAHOBKMU.

lMepcneKTUBLI M peKOMEHAALINM

B Mekcuke, Kak BO MHOTUX APYTUX Pa3BU-
BAIOWIMXCSl CTPAHAX, Pa3BUTUE UHDPACTPYK-
TYPLI MPOU3BOACTBA, NMEPEAAYM U pacipee-
A€HUS dAeKTpuUYecTBa MO BCeW CTpaHe
SIBASIETCS TPUOPUTETOM MPABUTEALCTBA. [Tpo-
OAEMLI B3AUMOAEVCTBUSI MEXKAY MTULIAMMU U
UHppacTpyktypoit AJI pactyT, B TO Bpems
KaK (PUHAHCUPOBAHUE OXPAHLI MPUPOALI
KpaiHe orpaHu4yeHo. [loka skoHoMUuYeckue
MOTePU OCTAIOTCSl HECYLIECTBEHHLIMU, B Mep-
BYIO OYEpEeAL MPEANPUHUMAIOTCS Hauboree
MPOCTLIE U HAUMEHee 3aTpaTHLIE Mepbl, a He
Te, KOTOpble Hauboree HEOBXOAMMLI AAST 3a-
wmTbl NTul. Tem BpemeHem CFE, Aekaapupyst
CBOE& GeCrnOKONCTBO COCTOSHUEM OKPYIKalo-
el cpeAbl, BCE >Ke MPOAOAKAET CTPOUTL
HoBble nTUlleonacHble A3 ro Bcelt cTpaHe.
TOALKO KOrAa B3aMMOAECTBME MEXKAY MTULIA-
mu 1 AT NPUBOAUT K SKOHOMUYECKUM TO-
TepsiM (Hanpumep, MOoBpPe’KASHUE OMTUYECKUX
BOAOKOH U3-3a (peKaALHOTO 3arpsi3HEHUST) CAe-

pected where raptors and ravens occur in
high density (e.g., other areas of northern
Mexico with prairie dog complexes).

Status of retrofitting efforts and
associated limitations

Since at least 2000, CFE has been retrofit-
ting power-lines on a large scale. Retrofit-
ting efforts in Chihuahua and Sonora have
consisted mainly of replacing the steel cros-
sarms on concrete poles with wooden cros-
sarms. Less often plastic bird spikes have
been attached on crossarms (fig. 7/1). CFE
has also used polyvinyl chloride (PVC)
around steel crossarms (fig. 7/2) or around
energized wires. In the latest phase of our
research (still in progress), we have been
monitoring retrofitted lines to evaluate the
effectiveness of retrofitting techniques and
material durability. A-priori concern about
CFE’s retrofitting effort stems from the fol-
lowing factors: 1) PVC is known to break
down under the effect of UV radiations and
thus does not last; 2) PVC cover around en-
ergized wires provides only partial insula-
tion; 3) retrofitting with wooden arms and
PVC often ignores the remaining issue of in-
sufficient pole-to-phase and phase-to-phase
separation.

Initial monitoring indicates the effective-
ness of retrofitting efforts has been mixed.
Dead birds have been detected at poles ret-
rofitted with bird spikes and wooden cross-
arms (Cartron et al. unpubl. data). In some
cases poles retrofitted with wooden crossa-
rms still have exposed jumpers or insuffi-
cient phase separation. PVC materials and
plastic bird spikes also have degraded and
fallen off some poles, in a matter of months
in the case of PVC.

Outlook and recommendations

In Mexico, like in many other developing
countries, increasing the infrastructure for
the production, transmission, and distri-
bution of electricity across the country is
a priority of the government. Problems
from the interaction between birds and the
electric infrastructure are growing, while
funding for wildlife conservation is very
limited. As long as economic losses re-
main inconsequential, corrective measures
tend to address only those problems eas-
iest (most inexpensive) to solve rather
than those most harmful to birds. Mean-
while, CFE publicizes its concern for the
environment, yet continues to build new
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Puc. 7. PasanyHble Bapu-
antbl [13Y: 1. Nracrmacco-
Bbl€ WHIbI, Kpersmmecs Ha
CTaALHOM TpaBepc Nruile-
onacHou AJI, Arst otnyru-
BaHus ntul. 2. Koxxyxu s
IBX, yctaHOBA€HHble Ha
CTaAbHbIE TPABEPChI OrMop
A3I1, Ha ceBepo-BOCTOKe
CoHopa. ®oto JKaH-Nok
E. KaprpoH

Fig. 7. Different types of
retrofitting constructions:
1. Tangent concrete pole
fitted with a steel crossa-
rm. Retrofitting consisted
of installing plastic bird
spikes on the crossarm.
2. Tangent concrete pole
retrofitted with polyvinyl
chloride (PVC) in north-
eastern Sonora. Photos by
Jean-Luc E. Cartron

AYET SICHLIN U BLICTPLIV OTBET CO CTOPOHLI MEK-
CUKAHCKOTO MPAaBUTEALCTBA, HAMPABAEHHLIY Ha
u3ydyeHue NpoOAEMLI U MOUCK €& pelleHUsI.

B MeKcuKe OTCYTCTBYET TpaAULIUSI HABAIO-
ASHUs ITULL. B Apyrux ctpaHax HabAloAeHUe
NTUL U CAMU HABAIOAATEAU UTPAIOT BAYKHYIO
POAL, OKa3LIBasi GOALIIOE AABAEHUE Ha Mpa-
BUTEALCTBO U OBCAY’KMBAOIIUE KOMMAHUU,
YTOOLI YMEHLIIUTL CMEPTHOCTL MTULL. B Mek-
CUKe ysKe YCTAaHOBAE€HLI MepLI, HEOBXOAUMLIE
AAST COKpALLEHUS YPOBHS CMEPTHOCTU MTULL HA
AT (Instituto Nacional de Ecologia et al.
2002). TexHuuecku npobaembl ¢ A3l B Mek-
CUKe MOTYT BLITL pelleHLI, OAHAKO PeaALHO-

ro rnporpecca He 6yaeT Ao Tex nop, noka CFE

U MPUPOACOXPAHHLIE BEAOMCTBA HE MPUAYT
K KOHCEHCYCY MO 3TOMY BOIMPOCY.

Mbl MOYKEM PEKOMEHAOBATL CAEAYIOIIUE:

BLisiBAGHME U KaPTUPOBAHUE «TOPSIUUX TO-
YyeKk» C MOBLILEHHLIM YPOBHEM CMEPTHOCTU
nTuu Ha ASIT OT nopa’keHusl SAEKTPOTOKOM,
CPABHUMLIX C KOAOHUSIMU AYTOBOM coBauku
6AuM3 T. XaHoC.

BuisiBAGHME U KapTUPOBAHUE TEPPUTOPUNL,
TA€ Yrpo3e rmbeAn oT SAEKTPUUECKOTO TOKa
Ha AST1 noABepraioTcs NTULLI TeX BUAOB, KO-
TOpble TPeBYIOT 0cOBOro BHUMAHUS (BKAIO-
YEHHbLIE B CMUCKU YrpoXkaembiX B Mekcuke
uam CLLIA).

BrisiBA€HME U KapTUPOBaHUE MOTEHLIMAAL-
HLIX «TOPSYUX TOUYEK», OCHOBLIBASICL HA aHa-
Au3e 1yTeil MUrpauun, AAHHLIX YYETOB, pac-
npeaereHuss ASI1, KapT pacTUTEALHOCTU U
AMarpaMm aTMochepHOro 3AeKTpUYecTBa.

lines with the same bird-threatening de-
sign across the country. Only when the in-
teraction between birds and power lines
results in economic losses (e.g., damaging
of optic fibers due to faecal contamination)
has there been a clear and rapid response
on the part of the Mexican government to
study the issue and seek solutions.

The lack of a bird-watching tradition in
Mexico is regrettable. In other countries bird
watching plays an important role, resulting
in greater pressure on governments and util-
ity companies to reduce bird mortality. In
Mexico, measures needed to curb bird mor-
tality along power lines have been identi-
fied (Instituto Nacional de Ecologia et al.
2002). Technically, the problems with Mex-
ico’s power lines can all be remedied, but
until CFE and wildlife authorities become tru-
ly committed to solving the issue, no real
advance will be made. Ultimately, the solu-
tion to the conflicts between birds and pow-
er lines in Mexico depends on political will.

Some of our recommendations are as fol-
lows:

Locate (and map) «hotspots» or areas with
an incidence of bird electrocutions compa-
rable to that found in the Janos prairie dog
complex area.

Locate (and map) areas where species of
special concern (birds listed as endangered
or threatened in Mexico or the U.S.) incur
mortality by electrocutions on power poles.

Locate (and map) all areas with the po-
tential to be hotspots based on migration
routes, survey data, distribution of power-
lines, vegetation maps, and isokeraunic
charts.

Establish agreements with CFE to retrofit
power lines in all identified hotspots.

Where no easy correcting measure exists,
use materials and devices known to be ef-
fective and durable for precluding use of
poles by raptors and other birds.
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OXP&H& rNepPHAaTLIX XUIHWUKOB

AocturkeHue coraameHust ¢ CFE no moau-
chuuMpoBaHuio nTuueonacHuiX A3l Bo Bcex
BLISIBA€HHLIX FTOPSIYMUX TOUKAX.

Ha teppuropusix, rAe HEBO3MO)KHO ocylle-
CTBUTL 3(ppeKTUBHLIE MTULIe3AIUTHLIE MEPO-
MPUSITUS, UCTIOAL3OBATL SCPCPEKTUBHLIE U MPOY-
HbIE MaTepUaALI U YCTPOWCTBA AASI OTIYTUBAHUS
XULHLIX U APYrUXx ntuu ot ornop ASI.
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AOCTaBAeHHLIe AaHHble; E. Mapce u K. [eAb-
TUEp — 3a MOMOLL B MPOBEASHUU MOAEBLIX
uccaearoBaHuit; P. Auct u Ak. Naueko — 3a
MaTepUaAAbLHO-TEXHUYECKYIO MOAAEPIKKY.
DoAbllIast YaCTh HAIIETO UCCAEAOBAHUS AO Ha-
CTOSIEro BpeMeHU (pHaHCcUpoBarack Komu-
TeTom B3aumoaeiicteus INtuu u ASIT (APLIC).
Mol 6aaroaapHil M. Kapsikudy u A. Lllecta-
KOBY 3a MPEAOCTABAEHHYIO BO3MOYKHOCTD
PaCnpPOCTPaHUTL UHGPOPMALIUIO O COCTOSTHUMU
ripobaeml rubeau ntutl Ha A9l B MeKcuke.
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