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Raptors� Conservation

ОХРАНА� ПЕРНАТЫХ� ХИЩНИКОВ

Ââåäåíèå

Ïîðàæåíèå ýëåêòðîòîêîì íà ëèíèÿõ
ýëåêòðîïåðåäà÷ (ËÝÏ) – îäíà èç âàæíåé-
øèõ ïðè÷èí ãèáåëè õèùíûõ ïòèö íà òåð-
ðèòîðèè ìíîãèõ ñòðàí ìèðà (Markus, 1972;
Haas, 1980; Ledger and Annegarn, 1981;
Ferrer and Hiraldo, 1991; LaRoe et al., 1995;
Harness and Wilson, 2001). Êàê îòìå÷åíî â
ïîñëåäíåå âðåìÿ â ðÿäå âîñòî÷íîåâðîïåé-
ñêèõ è àçèàòñêèõ ñòðàí (Áîëãàðèÿ: Stoychev,
Karafeisov, 2004; Âåíãðèÿ: Bagyura et al.,
2004; Êàçàõñòàí: Karyakin, Barabashin,
2005; Ðîññèÿ: Matsina, 2005; Pestov, 2005;
Ñëîâàêèÿ: Adamec, 2004), ãèáåëü ïåðíà-
òûõ õèùíèêîâ îò ýëåêòðè÷åñêîãî òîêà îñî-
áåííî âûñîêà íà îïîðàõ ËÝÏ, ñòîëáû è
òðàâåðñû êîòîðûõ ñäåëàíû èç ïðîâîäÿùå-
ãî ìàòåðèàëà (ñòàëü, áåòîí è ò.ï.). Ïòèöà,
ñèäÿùàÿ íà òðàâåðñå, çàçåìëåíà, è, åñëè
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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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îíà êîñíåòñÿ ïðîâîäà, íàõîäÿùåãîñÿ ïîä
íàïðÿæåíèåì, ýòî ìîæåò ïðèâåñòè ê êîðîò-
êîìó çàìûêàíèþ. Â îòëè÷èå îò îïîð ËÝÏ ñ
ïðîâîäÿùèìè òîê òðàâåðñàìè, ãèáåëü ïòèö
ìåíåå âåðîÿòíà íà îïîðàõ ËÝÏ, ñòîëáû è
òðàâåðñû êîòîðûõ ñäåëàíû èç íåïðîâîäÿ-
ùèõ òîê ìàòåðèàëîâ (íàïðèìåð, äåðåâÿí-
íûå). Íà îïîðàõ äàííîãî òèïà ãèáåëü ïòè-
öû ïðîèñõîäèò, åñëè îíà êàñàåòñÿ ñðàçó 2-õ
ïðîâîäîâ (Ferrer and Jans, 1999).

Ñ ñàìûõ ïåðâûõ ñîîáùåíèé î ñëó÷àÿõ
ãèáåëè ïåðíàòûõ õèùíèêîâ â ðåçóëüòàòå
ïîðàæåíèÿ ýëåêòðîòîêîì íà ñåâåðî-çàïà-
äå ×èõóàõóà â 1999 ã., èíôðàñòðóêòóðà
ËÝÏ Ìåêñèêè ñòàëà ïîâîäîì äëÿ áåñïîêîé-
ñòâà ìåêñèêàíñêèõ è àìåðèêàíñêèõ ýêîëî-
ãîâ (Cartron et al., 2000, 2005, 2006;
Manzano-Fischer et al., â ïå÷àòè). Ìíîãèå
ËÝÏ Ìåêñèêè èìåþò îïîðû èç æåëåçîáå-
òîíà, ñî ñòàëüíûìè òðàâåðñàìè (Cartron et
al., 2000, 2005, 2006; Manzano-Fischer et
al., â ïå÷àòè). Òàêæå øèðîêî èñïîëüçóþò-
ñÿ äåðåâÿííûå îïîðû ñî ñòàëüíûìè çà-
çåìë¸ííûìè òðàâåðñàìè. Óãðîçà ïåðíà-
òûì õèùíèêàì è äðóãèì êðóïíûì ïòèöàì
íå îãðàíè÷èâàåòñÿ âûøåïåðå÷èñëåííûìè
êîíñòðóêöèÿìè: ãèáåëü ïòèö ïðîèñõîäèò è
íà îïîðàõ ñ îòïàéêîé, è óãëîâûõ îïîðàõ
(Cartron et al., 2005).

Äî íàñòîÿùåãî âðåìåíè îñòà¸òñÿ íåèçâå-
ñòíûì âëèÿíèå áåòîííûõ îïîð ñ çàçåìë¸í-
íûìè òðàâåðñàìè íà ïòèö â ìàñøòàáå âñåé
Ìåêñèêè. Çà ïîñëåäíèå 7 ëåò ìû çàôèêñè-
ðîâàëè áîëüøîå êîëè÷åñòâî ïåðíàòûõ õèù-
íèêîâ è âîðîíîâ, ïîãèáøèõ îò ýëåêòðè÷åñ-
êîãî òîêà íà ñåâåðî-çàïàäå Ìåêñèêè â
×èõóàõóà. Êðîìå òîãî, ðàçîâûå èññëåäîâà-
íèÿ ËÝÏ â Ñîíîðà è Êàëèôîðíèè òàêæå
âûÿâèëè ãèáåëü ïòèö îò ýëåêòðîòîêà.

Â ýòîì îáçîðå ñîáðàíà èíôîðìàöèÿ ïî
ñìåðòíîñòè ïòèö íà ËÝÏ, âêëþ÷àþùàÿ ðà-
íåå íåîïóáëèêîâàííûå äàííûå ïîñëåäíèõ
ëåò (çà 2005–2006 ãã.), îïèñûâàþòñÿ ïòè-

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., 2005–2006),
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

Ðèñ. 1. Ðàéîíû èññëåäîâàíèé ËÝÏ (âûäåëåíû öâåòîì)
íà êàðòå Ìåêñèêè. Èññëåäîâàíèÿ â ×èõóàõóà ïðîâî-
äèëèñü, ïðåæäå âñåãî, íà ñåâåðî-çàïàäå Ìåêñèêè, ê
çàïàäó îò Äæàíîñà è Êàçàñ Ãðàíäåñ

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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öåçàùèòíûå óñòðîéñòâà (ÏÇÓ), ìàòåðèàëû
è ìåòîäû, èñïîëüçóåìûå ñåðâèñíîé êîì-
ïàíèåé Ìåêñèêè è Ôåäåðàëüíîé Êîìèññè-
åé ïî ýëåêòðîñåòÿì (CFE), ñ óêàçàíèåì èõ
íåäîñòàòêîâ. Òàêæå ñäåëàíî íåñêîëüêî ðå-
êîìåíäàöèé ïî óìåíüøåíèþ ñìåðòíîñòè
ïòèö íà ËÝÏ â Ìåêñèêå.

Ðàéîí èññëåäîâàíèé

×èõóàõóà, Ñîíîðà è Êàëèôîðíèÿ ðàñïî-
ëîæåíû â ñåâåðî-çàïàäíîé Ìåêñèêå (ðèñ. 1).
Ñàìûå íèçêèå âîçâûøåííîñòè õàðàêòåðè-
çóþòñÿ çàñóøëèâûì êëèìàòîì è îòñóòñòâè-
åì âûñîêîðîñëîé ðàñòèòåëüíîñòè, â ñâÿçè
ñ ÷åì çäåñü íåäîñòàòî÷íî åñòåñòâåííûõ
ïðèñàä äëÿ ïåðíàòûõ õèùíèêîâ. Íà îáñëå-
äîâàííûõ òåððèòîðèÿõ ðàñòèòåëüíîñòü
ïðåäñòàâëåíà çàðîñëÿìè ïóñòûííûõ êóñòàð-
íèêîâ ñîíîðñêîãî òèïà (Íèæíÿÿ Êàëè-
ôîðíèÿ, Çàïàäíàÿ è Öåíòðàëüíàÿ Ñîíî-
ðà), ÷èñòî òðàâÿíèñòûìè ñîîáùåñòâàìè,
òðàâÿíèñòûìè ñîîáùåñòâàìè ñ ó÷àñòèåì
ìåñêèòà (Prosopis) (ðèñ. 2) è ìåñêèòîâûìè
êóñòàðíèêîâûìè çàðîñëÿìè (ñåâåðî-âîñòî÷-
íàÿ Ñîíîðà, ñåâåðî-çàïàäíàÿ ×èõóàõóà).

Ó÷¸òíàÿ ïëîùàäêà ðàçìåðîì 30x20 êì
áûëà çàëîæåíà íà ñåâåðî-çàïàäå ×èõóàõóà
ê çàïàäó îò ãîðîäîâ Õàíîñ è Êàñàñ Ãðàíäåñ
(ðèñ. 1). Â öåíòðå ïëîùàäêè íà ïëîùàäè
30 òûñ. ãà ðàñïîëàãàåòñÿ êîëîíèÿ ÷åðíî-
õâîñòîé ëóãîâîé ñîáà÷êè (Cynomys
ludovicianus). Ðàçíîîáðàçèå âèäîâ ïòèö
çäåñü î÷åíü âûñîêî â çíà÷èòåëüíîé ñòåïå-
íè èç-çà íàëè÷èÿ ýòîé êîëîíèè, à òàêæå èç-
çà ìîçàè÷íîñòè òèïîâ ðàñòèòåëüíîñòè
(Ceballos et al., 2005; Manzano-Fischer et
al., â ïå÷àòè). Ñðåäè íàèáîëåå îáû÷íûõ
õèùíèêîâ â òå÷åíèå ïîñëåäíåãî ãîäà íà-
áëþäåíèé íà ïëîùàäêå êðóãëûé ãîä îòìå-
÷àëèñü êðàñíîõâîñòûé êàíþê (Buteo
jamaicensis), àìåðèêàíñêàÿ ïóñòåëüãà (Falco
sparverius) è ìåêñèêàíñêèé ñîêîë (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 ludovicianus) 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-

Ðèñ. 2. Òðàâÿíûå ñîîá-
ùåñòâà ñ ìåñêèòîâûìè
äåðåâüÿìè â ñåâåðî-âî-
ñòî÷íîé Ñîíîðå

Fig. 2. Mesquite grassland
in northeastern Sonora
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mexicanus). Åæåãîäíî îòìå÷àëèñü áåðêóòû
(Aquila chrysaetos), êàê îñ¸äëûå, òàê è çè-
ìóþùèå, êîðîëåâñêèé êàíþê (Buteo regalis)
– îáû÷íûé çèìóþùèé âèä è êàíþê Ñâåíñî-
íà (B. swainsoni) – âèä, ðàçìíîæàþùèéñÿ
íà èññëåäóåìîé òåððèòîðèè. Êîðîëåâñêèé
êàíþê è áåðêóò – ýòî âèäû, îõðàíÿåìûå â
Ìåêñèêå (ñì. Cartron et al., 2005).

Â ñåâåðî-çàïàäíîé Ìåêñèêå íàèáîëåå
ðàñïðîñòðàíåíû ËÝÏ íàïðÿæåíèåì 34 500
âîëüò (èëè 34,5 êÂ) (Cartron et al., 2005).
Âíå ãîðîäîâ è äåðåâåíü îïîðû óñòàíîâëå-
íû ïðèáëèçèòåëüíî ÷åðåç êàæäûå 100 ì.
Èõ íàèáîëåå îáû÷íàÿ êîíñòðóêöèÿ – áå-
òîííàÿ èëè äåðåâÿííàÿ Ò-îáðàçíàÿ îïîðà
ñ òðåìÿ ôàçàìè (ðèñ. 3–1, 3–2, 3–3). Ñðå-
äè äðóãèõ êîíñòðóêöèé îïîð âñòðå÷àþòñÿ
Ò-îáðàçíûå îïîðû ñ äâîéíûìè òðàâåðñà-
ìè è îòïàéêîé íà èçîëÿòîðàõ, ðàñïîëîæåí-
íûõ íà âåðøèíå òðàâåðñà (ðèñ. 3–4).

Ìåòîäû

Â õîäå ïåøèõ ìàðøðóòîâ áûëî ïðîâåäå-
íî îáñëåäîâàíèå áîëüøèíñòâà ËÝÏ äëÿ
ïîèñêà îñòàíêîâ ïòèö, ëåæàùèõ ïîä îïî-
ðàìè. Êîîðäèíàòû ìåñò, ãäå íàõîäèëèñü
îñòàíêè, ôèêñèðîâàëèñü ñ ïîìîùüþ ïåð-
ñîíàëüíîãî ñïóòíèêîâîãî íàâèãàòîðà (GPS),
îòìå÷àëàñü êîíñòðóêöèÿ îïîðû ËÝÏ è
ïðåäïðèíèìàëèñü ïîïûòêè óñòàíîâèòü ïðè-
÷èíó ñìåðòè ïòèö. Îïàë¸ííûå ïåðüÿ, îæî-
ãè (â îñíîâíîì, íà ïîäêðûëüÿõ) è äðóãèå
ñëåäû îæîãîâ, ïðåèìóùåñòâåííî íà ëàïàõ,
ÿâëÿëèñü ñâèäåòåëüñòâîì ñìåðòè ïòèö îò
ýëåêòðè÷åñêîãî òîêà. Ïîäðîáíåå ìåòîäè-
êà èññëåäîâàíèÿ ïðèâîäèòñÿ â ïóáëèêàöèè
Cartron et al. (2005, 2006).

Ó÷¸ò è îöåíêà ñìåðòíîñòè

Íà ñåâåðî-çàïàäå ×èõóàõóà ñ ÿíâàðÿ
1999 ã. ïî ìàðò 2005 ã. ïîä îïîðàìè ËÝÏ
âñåãî áûëî íàéäåíî 454 ì¸ðòâûå ïòèöû
(Cartron et al., 2000, 2005, 2006, íåîïóá-
ëèêîâàííûå äàííûå; A. Lafon, ëè÷íîå ñî-
îáùåíèå). Ïðàêòè÷åñêè âî âñåõ ñëó÷àÿõ
(êðîìå íåñêîëüêèõ) ñâåæèå òðóïû ïòèö
èìåëè ÿâíûå âíåøíèå ïðèçíàêè ãèáåëè îò
ýëåêòðè÷åñêîãî òîêà (ðèñ. 4, 5). Ñëó÷àè ãè-
áåëè áûëè çàôèêñèðîâàíû êàê íà áåòîí-
íûõ (â ò.÷. èìåþùèõ ÏÇÓ), òàê è íà äåðå-
âÿííûõ îïîðàõ ñî ñòàëüíûìè òðàâåðñàìè.

Âñåãî áûëî îòìå÷åíî 16 âèäîâ ïîãèáøèõ
ïòèö, èç íèõ 14 âèäîâ ïåðíàòûõ õèùíèêîâ.
Áîëüøèíñòâî (57%) ì¸ðòâûõ ïòèö áûëè
âîðîíàìè, è, õîòÿ îáû÷íûé âîðîí (Corvus
corax) òàêæå ïðèñóòñòâóåò â ñåâåðî-çàïàä-
íîé ×èõóàõóà (Manzano-Fischer et al. â ïå-
÷àòè), âñå ìåðòâûå âîðîíû áûëè îïðåäå-

Ðèñ. 3. Ðàçëè÷íûå âàðèàíòû ïòèöåîïàñíûõ îïîð ËÝÏ:
1. Êðàñíîõâîñòûé êàíþê (Buteo jamaicensis) íà Ò-îá-
ðàçíîé áåòîííîé îïîðå ñ òðåìÿ èçîëÿòîðàìè. 2. Ò-
îáðàçíàÿ áåòîííàÿ îïîðà ñ òðåìÿ òîêîíåñóùèìè èçî-
ëÿòîðàìè íà ñòàëüíîì òðàâåðñå è ñî ñòàòè÷åñêèì
ïðîâîäîì ñ ãðîìîîòâîäîì íà âåðøèíå îïîðû. 3. Äå-
ðåâÿííàÿ îïîðà ñî ñòàëüíûì òðàâåðñîì. 4. Áåòîííàÿ
îïîðà ñ äâîéíûìè òðàâåðñàìè, íåñóùèìè èçîëÿòîðû
ñ îòïàéêîé íà âåðøèíå. Ôîòî Æàí-Ëþê E. Êàðòðîí

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,
2006).

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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ëåíû êàê ÷èõóàõóàíñêèå âîðîíû (Corvus
cryptoleucus). Çà èñêëþ÷åíèåì 3 áîëüøèõ
ãîëóáûõ öàïåëü (Ardea herodias), âñå îñ-
òàëüíûå îáíàðóæåííûå ì¸ðòâûå ïòèöû
áûëè õèùíèêàìè, è ñðåäè íèõ äîìèíèðî-
âàë êðàñíîõâîñòûé êàíþê (ðèñ. 6). Òàêæå
÷àñòî âñòðå÷àëèñü áåðêóòû è êîðîëåâñêèå
êàíþêè. Â òå÷åíèå ïîñëåäíåãî ãîäà èññëå-
äîâàíèé âïåðâûå áûëè çàðåãèñòðèðîâàíû
êàíþê Õàððèñà (Parabuteo unicinctus) è
ñàïñàí (Falco peregrinus) (ðèñ. 6) (Cartron
et al., íåîïóáëèêîâàííûå äàííûå).

Èç âñåõ 454 îáíàðóæåííûõ òðóïîâ, 423
(93 %) áûëè îáíàðóæåíû íà ó÷¸òíîé ïëî-
ùàäêå íà ñåâåðî-çàïàäå ×èõóàõóà. Â ïåðè-
îä ñ äåêàáðÿ 2000 ã. ïî íîÿáðü 2001 ã. íà
äàííîé òåððèòîðèè èññëåäîâàíèÿ ïðîâîäè-
ëèñü åæåìåñÿ÷íî, è áûëî íàéäåíî 178 (39%)
òðóïîâ (Cartron et al., 2005). Äðóãèå 95
(21%) áûëè íàéäåíû ñ ìàÿ 2005 ã. ïî ìàðò
2006 ã., êîãäà íàáëþäåíèÿ ïðîâîäèëèñü òàê-
æå åæåìåñÿ÷íî èëè ðàç â äâà ìåñÿöà
(Cartron et al., íåîïóáëèêîâàííûå äàííûå;
A. Lafon, ëè÷íîå ñîîáùåíèå). Â 2003–2004
ãã. èññëåäîâàíèÿ íà ó÷¸òíîé ïëîùàäêå ïðàê-
òè÷åñêè íå ïðîâîäèëèñü, è â òå÷åíèå ýòèõ
2-õ ëåò áûëî íàéäåíî òîëüêî 30 ïîãèáøèõ
ïòèö, 25 èç êîòîðûõ îáíàðóæèë A. Ëÿôîí
(A. Lafon, ëè÷íîå ñîîáùåíèå). Òàêèì îá-
ðàçîì, 423 ìåðòâûå ïòèöû, íàéäåííûå íà
ó÷¸òíîé ïëîùàäêå, âåðîÿòíî, ïðåäñòàâëÿ-
ëè òîëüêî ÷àñòü ðåàëüíîé ñìåðòíîñòè ïòèö.

Ïî íàøèì îöåíêàì ñìåðòíîñòü ïòèö â
ïåðèîä ñ 1999 ïî 2005 ãã. ñîñòàâèëà êàê
ìèíèìóì 997 ïòèö (èç êîòîðûõ 40–50 %
ñîñòàâëÿþò ïåðíàòûå õèùíèêè). Ýòà îöåí-
êà îñíîâàíà íà åæåãîäíîé ñìåðòíîñòè çà
1999–2002 ãã. è ñðàâíèìà ñ íàøèìè íàáëþ-
äåíèÿìè â ïåðèîä ñ äåêàáðÿ 2000 ïî íî-
ÿáðü 2001 ã. Â 2003 ã. ïòèöåîïàñíàÿ ËÝÏ ñ
âûñîêîé ñìåðòíîñòüþ ïòèö áûëà ÷àñòè÷íî
îñíàùåíà ÏÇÓ, è ÷èñëî ïîãèáøèõ îò ïîðà-
æåíèÿ ýëåêòðîòîêîì ïòèö íà íåé óìåíüøè-
ëîñü. Òàêèì îáðàçîì, íà ó÷¸òíîé ïëîùàäêå
ãèáåëü ïòèö îò ýëåêòðè÷åñêîãî òîêà ñ 2003
ïî 2005 ã., âîçìîæíî, áîëåå ñîïîñòàâèìà
ñî ñìåðòíîñòüþ, íàáëþäàåìîé â 2005–
2006 ãã. Ïîñêîëüêó îöåíêà â 997 ïîãèá-
øèõ íà ËÝÏ ïòèö çà 7-ìè ëåòíèé ïåðèîä íå
ó÷èòûâàåò òðóïû, êîòîðûå èñ÷åçëè äî èõ îá-
íàðóæåíèÿ (áûëè óòèëèçèðîâàíû ïàäàëüùè-
êàìè), âåðîÿòíî, ôàêòè÷åñêàÿ ñìåðòíîñòü
â 1999 – 2005 ãã. áûëà íàìíîãî âûøå.

Íàáëþäàåìàÿ ñìåðòíîñòü â òå÷åíèå 2000–
2001 ãã. èññëåäîâàíèé íà ó÷¸òíîé ïëîùàäêå
ñîñòàâèëà â ñðåäíåì 15,36 îñîáåé/10 êì
ËÝÏ. Õîòÿ ìíîãèå èç ïòèö ãèáëè íà ËÝÏ,
ïðîõîäÿùèõ ÷åðåç êîëîíèè ëóãîâîé ñîáà÷-
êè, ñàìàÿ âûñîêàÿ ñìåðòíîñòü îòìå÷àëàñü íà

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

Ðèñ. 4. Ïîãèáøèé íà ËÝÏ êðàñíîõâîñòûé êà-
íþê (Buteo jamaicensis) ñ îáãîðåâøèìè ìà-
õîâûìè, âûâåøåííûé íà çàáîðå âëàäåëüöåì
ðàí÷î. Ôîòî Æàí-Ëþê E. Êàðòðîí

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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ËÝÏ, ïåðåñåêàþùèõ òåððèòîðèè ñ íèçêî-
ðîñëûìè çàðîñëÿìè ýôåäðû, ãäå ëóãîâîé
ñîáà÷êè íåò (1 ì¸ðòâàÿ ïòèöà íà êàæäûå 2
îïîðû ËÝÏ â òå÷åíèå ãîäà) (Cartron et al.,
2005). Áîëüøèíñòâî îïîð, ïîä êîòîðûìè
áûëè îáíàðóæåíû ì¸ðòâûå ïòèöû, áûëè
Ò-îáðàçíûìè. Îäíàêî íàáëþäàåìàÿ ñìåðò-
íîñòü ïòèö íà Ò-îáðàçíûõ îïîðàõ ñ äâîéíû-
ìè òðàâåðñàìè è èçîëÿòîðàìè ñ îòïàéêîé íà
âåðøèíàõ (ðèñ. 3–4) áûëà ïðèáëèçèòåëüíî
â 4 ðàçà âûøå ïî ñðàâíåíèþ ñ ïðîñòûìè
Ò-îáðàçíûìè (Cartron et al., 2005).

Çà ïðåäåëàìè ó÷¸òíîé ïëîùàäêè èññëå-
äîâàíèÿ âåëèñü îãðàíè÷åíî: áîëüøèíñòâî
ËÝÏ ïîñåùàëîñü îäíîêðàòíî. Èç 30 íàé-
äåííûõ ì¸ðòâûõ ïòèö 13 (43 %) áûëè êðàñ-
íîõâîñòûå êàíþêè, 9 – âîðîíû, 2 – âèð-
ãèíñêèå ôèëèíû (Bubo virginianus), 1 –
ìåêñèêàíñêèé ñîêîë (Falco mexicanus), 1
– áîëüøàÿ ãîëóáàÿ öàïëÿ è 4 íåîïîçíàí-
íûõ õèùíèêà. Ïî ðåçóëüòàòàì ïîâåðõíîñ-
òíûõ îñìîòðîâ 731 áåòîííîé îïîðû ñî
ñòàëüíûìè òðàâåðñàìè, ïðîâîäèìûõ åæå-
ìåñÿ÷íî â õîäå àâòîìîáèëüíûõ ìàðøðóòîâ,
ó÷ò¸ííàÿ ñìåðòíîñòü ïòèö â òå÷åíèå ãîäà
ñîñòàâèëà îêîëî 1,57 îñîáåé/10 êì ËÝÏ
âäîëü äâóõ øîññå (J.-L. Cartron, íåîïóáëè-
êîâàííûå äàííûå).

Â øòàòå Þæíàÿ Íèæíÿÿ Êàëèôîðíèÿ ìû
ïðîâåëè îäíîðàçîâûå îñìîòðû ËÝÏ ñ áå-
òîííûìè îïîðàìè è ñòàëüíûìè òðàâåðñà-
ìè (n = 608) è îáíàðóæèëè òîëüêî 1 âîðî-
íà (Cartron et al., 2006), íî ïîçæå áûë
íàéäåí ïîãèáøèé êðàñíîõâîñòûé êàíþê.

Â øòàòå Ñîíîðà èññëåäîâàíèÿ ïðîâîäè-
ëèñü íà äâóõ òåððèòîðèÿõ. Íà ñåâåðî-âîñ-
òîêå Ñîíîðû â îáùåé ñëîæíîñòè áûëî íàé-
äåíî 10 ì¸ðòâûõ ïòèö â õîäå îäíîðàçîâûõ
ïîñåùåíèé òð¸õ ËÝÏ â îêòÿáðå 2002 ã.
(Cartron et al., 2006). Ñåìü èç ýòèõ 10 ïòèö
áûëè âîðîíàìè, êîòîðûå îáíàðóæåíû íà
ó÷àñòêå ËÝÏ ñ 94 áåòîííûìè îïîðàìè. Â
çàïàäíîé è öåíòðàëüíîé Ñîíîðå íàéäåíû

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).

Outside 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-

Ðèñ. 5. Ïîãèáøèé êà-
íþê Õàððèñà (Parabuteo

unicincus) ñ îáøèðíûì
îæîãîì â îáëàñòè õâîñ-
òà. Ôîòî Æàí-Ëþê E.
Êàðòðîí

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
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5 ì¸ðòâûõ ïòèö ïîä 5-þ èç 23-õ Ò-îáðàç-
íûõ îïîð ñ äâîéíûìè òðàâåðñàìè. Äðóãèå
îïîðû ñ äåðåâÿííûìè òðàâåðñàìè, êîòî-
ðûå áûëè îáîðóäîâàíû ÏÇÓ, íå áûëè ïðî-
âåðåíû. Â àïðåëå 2006 ã. ýòà ËÝÏ áûëà
ñíîâà îñìîòðåíà. Íà ïðîñòûõ Ò-îáðàçíûõ
îïîðàõ ïðîâåäåíà çàìåíà ñòàëüíûõ òðà-
âåðñ ñ èçîëÿòîðàìè íà âåðøèíàõ, íà òðà-
âåðñû ñ ïîäâåñíûìè èçîëÿòîðàìè, íî îïî-
ðû ñ äâîéíûìè òðàâåðñàìè îñòàëèñü áåç
èçìåíåíèé. Â õîäå ïîâòîðíîãî ïîñåùåíèÿ
ËÝÏ áûëè îáíàðóæåíû òðóïû òð¸õ ãðè-
ôîâ-èíäååê (Cathartes aura): 1 – ïîä îïî-
ðîé ñ äâîéíûìè òðàâåðñàìè è 2 – ïîä ïå-
ðåîáîðóäîâàííûìè îïîðàìè.

Ïîëíàÿ îöåíêà âîçäåéñòâèÿ

áåòîííûõ îïîð è çàçåìë¸ííûõ

òðàâåðñ

Ñïóñòÿ ñåìü ëåò ïîñëå ïåðâûõ ñîîáùå-
íèé î ãèáåëè ïòèö â ðåçóëüòàòå ïîðàæå-
íèÿ ýëåêòðîòîêîì íà ËÝÏ â Ìåêñèêå, ó íàñ
âñå åù¸ î÷åíü ìàëî èíôîðìàöèè î âëèÿ-
íèè êîíêðåòíûõ ËÝÏ è òèïîâ òðàâåðñ.
Íåáîëüøóþ èíôîðìàöèþ ïî ñìåðòíîñòè
ïòèö ïðåäîñòàâëÿåò Ôåäåðàëüíàÿ Êîìèññèÿ
ïî ýëåêòðîñåòÿì, íî ôèíàíñèðîâàíèÿ äëÿ
ïðîâåäåíèÿ øèðîêîìàñøòàáíûõ íåçàâèñè-
ìûõ èññëåäîâàíèé íåäîñòàòî÷íî.

Áîëüøàÿ ÷àñòü íàøèõ èññëåäîâàíèé áûëà
îðèåíòèðîâàíà íà îïðåäåëåíèå âñåõ ôàê-
òîðîâ, êîòîðûå ïðèâîäÿò ê ãèáåëè ïòèö îò
ýëåêòðè÷åñêîãî òîêà â Ñåâåðíîé Ìåêñè-
êå. Èñïîëüçîâàíèå òîêîïðîâîäÿùåãî ìàòå-
ðèàëà äëÿ îïîð è òðàâåðñ ÿâëÿåòñÿ ïðî-
áëåìîé, íî òàêæå íåäîñòàòî÷íî ðàçäåëåíèÿ
ôàçû è òðàâåðñû èçîëÿòîðîì è ðàçäåëå-
íèÿ ôàç. Íàøè äàííûå ïî ãèáåëè îò ïîðà-
æåíèÿ ýëåêòðîòîêîì íà ËÝÏ ïÿòè àìåðè-
êàíñêèõ ïóñòåëüã è áîëîòíîé ñîâû (Asio
flammeus) ïðåäïîëàãàþò, ÷òî ìåëêèå ïòè-
öû òàêæå ïîäâåðãàþòñÿ ðèñêó. Ñóùåñòâóåò
âîçìîæíîñòü, ÷òî íåêîòîðûå ïòèöû ãèáíóò
â ðåçóëüòàòå îáðàçîâàíèå âîëüòîâîé äóãè,
êîòîðàÿ îáðàçóåòñÿ íà ðàññòîÿíèè è óâå-
ëè÷èâàåòñÿ ïðè óâåëè÷åíèè íàïðÿæåíèÿ.
Ïðè 34,5 êÂ îáðàçîâàíèå äóãè ìîæåò
ïðîèçîéòè â ïðåäåëàõ 10 ñì îò ïðîâîäíè-
êà (S. Frazier 2006, ëè÷íîå ñîîáùåíèå).
Ýëåêòðîìàãíèòíûå âîëíû ìîãóò óâåëè÷è-
âàòü ýòî ðàññòîÿíèå. Îáëàñòü èññëåäîâàíèé
ëåæèò íà òåððèòîðèè ñ âûñîêèì óðîâíåì
àòìîñôåðíîãî ýëåêòðè÷åñòâà (40 – 50 äíåé
ñ ãðîçàìè åæåãîäíî), è ìîëíèè ìîãóò óäà-
ðÿòü â ìåòàëëè÷åñêèå òðàâåðñû, ïðîõîäÿ
÷åðåç îïîðó, èëè â äðóãèå çàçåìë¸ííûå
êîíñòðóêöèè. Â ñåâåðî-çàïàäíîé ×èõóàõóà
íåðåäêî èñïîëüçóþòñÿ ãðîìîîòâîäû, íî

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 2006, 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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Ðèñ. 6. Äèàãðàììà ñìåðòíîñòè ðàçíûõ âèäîâ ïåð-
íàòûõ õèùíèêîâ â ×èõóàõóà ñ ÿíâàðÿ 1999 ã. ïî
ìàðò 2006 ã. Õèùíèêè, íå îïðåäåëåííûå äî âèäà,
èñêëþ÷åíû

Fig. 6. Breakdown of raptor mortality by species in Chi-
huahua, January 1999 through March 2006. Raptors not
identified to species are excluded

ïðè èõ ðàñïðåäåëåíèè âäîëü ËÝÏ, âèäè-
ìî, ðóêîâîäñòâîâàëèñü çàäà÷åé íå ïðåäîò-
âðàùåíèÿ, à ëèøü ðåãóëèðîâàíèÿ ïðîáîåâ
(ò.å. ïðîáîè äîïóñòèìû, íî òîëüêî òàì, ãäå
óñòàíîâëåíî ìåíåå öåííîå îáîðóäîâàíèå).

Ïëîùàäü Ìåêñèêè – 1 970 000 êì2, ÷òî â
3 283 ðàç áîëüøå íàøåé ó÷¸òíîé ïëîùàä-
êè. Ïðîñòàÿ ýêñòðàïîëÿöèÿ ìèíèìàëüíîé
îöåíêè ñìåðòíîñòè íà ïëîùàäêå äëÿ âñåé
òåððèòîðèè ñòðàíû íåêîððåêòíà: áîëüøàÿ
÷àñòü Ìåêñèêè îñòàåòñÿ ìàëîîñâîåííîé, è
ËÝÏ ïðîòÿíóëèñü ëèøü âäîëü ãëàâíûõ àâ-
òîòðàññ. Íà þãå ðàñòèòåëüíîñòü ïåðåõîäèò
â òðîïè÷åñêóþ, è ïîÿâëÿþòñÿ âûñîêèå äå-
ðåâüÿ, êîòîðûå ìîãóò ñëóæèòü åñòåñòâåí-
íûìè ïðèñàäàìè, ÷òî, âåðîÿòíî, óìåíüøà-
åò èñïîëüçîâàíèå õèùíèêàìè è âîðîíàìè
îïîð ËÝÏ. Êðîìå òîãî, èçîáèëèå êîëîíèé
ëóãîâîé ñîáà÷êè áëèç Õàíîñà îáóñëàâëè-
âàåò âûñîêóþ êîíöåíòðàöèþ õèùíûõ ïòèö
è âîðîíîâ è, ñîîòâåòñòâåííî, èõ âûñîêóþ
ñìåðòíîñòü íà ËÝÏ (Manzano-Fischer et al.,
â ïå÷àòè). Â óäàëåíèè îò êîëîíèé ëóãîâîé
ñîáà÷êè íàáëþäàåìàÿ ñìåðòíîñòü âäîëü
äâóõ ìåêñèêàíñêèõ øîññå áûëà â 10 ðàç
ìåíüøå, ÷åì íà ó÷¸òíîé ïëîùàäêå. Òåì íå
ìåíåå, äàæå ýòîò óðîâåíü ñìåðòíîñòè îò-
íþäü íå ìîæåò ñ÷èòàòüñÿ íåçíà÷èòåëüíûì,
åñëè ïðåäñòàâèòü åãî â ìàñøòàáàõ ñòðàíû.
Âäîáàâîê, èññëåäîâàíèÿ â Ñîíîðå óêàçûâà-
þò íåïðåìåííîå ñóùåñòâîâàíèå è äðóãèõ
ðàéîíîâ ñ ïîâûøåííîé ñìåðòíîñòüþ, ïî-
ìèìî êîëîíèé ëóãîâîé ñîáà÷êè â ðàéîíå
Õàíîñ – Êàñàñ Ãðàíäåñ, îáóñëîâåííîé ïî-
âûøåííîé ïëîòíîñòüþ ïåðíàòûõ õèùíèêîâ.

Ïòèöåçàùèòíûå ìåðîïðèÿòèÿ è èõ

íåäîñòàòêè

Ïî êðàéíåé ìåðå ñ 2000 ã. CFE ñòàëà âå-
ñòè øèðîêîìàñøòàáíîå îáîðóäîâàíèå ËÝÏ

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 2006, 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 km2,
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-
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ÏÇÓ. Ïòèöåçàùèòíûå ìåðîïðèÿòèÿ â ×èõó-
àõóà è Ñîíîðå ñîñòîÿëè ãëàâíûì îáðàçîì
èç çàìåíû òðàâåðñ íà áåòîííûõ îïîðàõ.
Ðåæå íà òðàâåðñû óñòàíàâëèâàëèñü ïëàñ-
òìàññîâûå øèïû, îòïóãèâàþùèå ïòèö
(ðèñ. 7–1). CFE òàêæå èñïîëüçîâàëè ïîëè-
âèíèëõëîðèä (ÏÂÕ) äëÿ èçîëÿöèè òðàâåðñ
(ðèñ. 7–2) èëè ïðîâîäîâ, íàõîäÿùèõñÿ ïîä
íàïðÿæåíèåì. Íà ïîñëåäíåì ýòàïå íàøèõ
èññëåäîâàíèé (êîòîðûå âñ¸ åù¸ ïðîäîëæà-
þòñÿ) ìû ïðîâîäèëè ìîíèòîðèíã ËÝÏ ñ
ÏÇÓ, äëÿ îöåíêè ýôôåêòèâíîñòè ïòèöåçà-
ùèòíûõ ìåðîïðèÿòèé è ïðî÷íîñòè ìàòåðè-
àëîâ. Àïðèîðè îöåíèâàëèñü óñèëèÿ CFE ïî
çàùèòå ïòèö íà ËÝÏ, èñõîäÿ èç ñëåäóþùèõ
ôàêòîðîâ: 1) ÏÂÕ, êàê èçâåñòíî, ðàçðóøà-
åòñÿ ïîä âîçäåéñòâèåì óëüòðàôèîëåòîâîãî
èçëó÷åíèÿ è, òàêèì îáðàçîì, íåäîëãîâå÷åí;
2) ïîêðûòèå ÏÂÕ âîêðóã ïðîâîäîâ îáåñ-
ïå÷èâàþò òîëüêî ÷àñòè÷íóþ èçîëÿöèþ; 3)
ÏÇÓ â âèäå äåðåâÿííûõ òðàâåðñ è ÏÂÕ-èçî-
ëÿöèè ÷àñòî íèêàê íå ðåøàþò ïðîáëåìó íå-
äîñòàòî÷íîãî ðàçäåëåíèÿ îïîðû è ôàçû, à
òàêæå ôàç ìåæäó ñîáîé.

Íà÷àëüíûé ìîíèòîðèíã ïîêàçàë, ÷òî ýô-
ôåêòèâíîñòü ÏÇÓ íåîäíîçíà÷íà. Ì¸ðòâûå
ïòèöû áûëè îáíàðóæåíû íà îïîðàõ ñ îò-
ïóãèâàþùèìè øèïàìè è äåðåâÿííûìè òðà-
âåðñàìè (Cartron et al. íåîïóáëèêîâàííûå
äàííûå). Â íåêîòîðûõ ñëó÷àÿõ îïîðû ñ äå-
ðåâÿííûìè òðàâåðñàìè èìåëè îòïàéêó èëè
íåäîñòàòî÷íîå ðàçäåëåíèå ôàç. ÏÂÕ-èçî-
ëÿöèÿ è ïëàñòìàññîâûå øèïû ðàçðóøèëèñü
è îòâàëèëèñü ñ íåñêîëüêèõ îïîð â òå÷åíèå
íåñêîëüêèõ ìåñÿöåâ ïîñëå èõ óñòàíîâêè.

Ïåðñïåêòèâû è ðåêîìåíäàöèè

Â Ìåêñèêå, êàê âî ìíîãèõ äðóãèõ ðàçâè-
âàþùèõñÿ ñòðàíàõ, ðàçâèòèå èíôðàñòðóê-
òóðû ïðîèçâîäñòâà, ïåðåäà÷è è ðàñïðåäå-
ëåíèÿ ýëåêòðè÷åñòâà ïî âñåé ñòðàíå
ÿâëÿåòñÿ ïðèîðèòåòîì ïðàâèòåëüñòâà. Ïðî-
áëåìû âçàèìîäåéñòâèÿ ìåæäó ïòèöàìè è
èíôðàñòðóêòóðîé ËÝÏ ðàñòóò, â òî âðåìÿ
êàê ôèíàíñèðîâàíèå îõðàíû ïðèðîäû
êðàéíå îãðàíè÷åíî. Ïîêà ýêîíîìè÷åñêèå
ïîòåðè îñòàþòñÿ íåñóùåñòâåííûìè, â ïåð-
âóþ î÷åðåäü ïðåäïðèíèìàþòñÿ íàèáîëåå
ïðîñòûå è íàèìåíåå çàòðàòíûå ìåðû, à íå
òå, êîòîðûå íàèáîëåå íåîáõîäèìû äëÿ çà-
ùèòû ïòèö. Òåì âðåìåíåì CFE, äåêëàðèðóÿ
ñâî¸ áåñïîêîéñòâî ñîñòîÿíèåì îêðóæàþ-
ùåé ñðåäû, âñ¸ æå ïðîäîëæàåò ñòðîèòü
íîâûå ïòèöåîïàñíûå ËÝÏ ïî âñåé ñòðàíå.
Òîëüêî êîãäà âçàèìîäåéñòâèå ìåæäó ïòèöà-
ìè è ËÝÏ ïðèâîäèò ê ýêîíîìè÷åñêèì ïî-
òåðÿì (íàïðèìåð, ïîâðåæäåíèå îïòè÷åñêèõ
âîëîêîí èç-çà ôåêàëüíîãî çàãðÿçíåíèÿ) ñëå-

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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äóåò ÿñíûé è áûñòðûé îòâåò ñî ñòîðîíû ìåê-
ñèêàíñêîãî ïðàâèòåëüñòâà, íàïðàâëåííûé íà
èçó÷åíèå ïðîáëåìû è ïîèñê å¸ ðåøåíèÿ.

Â Ìåêñèêå îòñóòñòâóåò òðàäèöèÿ íàáëþ-
äåíèÿ ïòèö. Â äðóãèõ ñòðàíàõ íàáëþäåíèå
ïòèö è ñàìè íàáëþäàòåëè èãðàþò âàæíóþ
ðîëü, îêàçûâàÿ áîëüøîå äàâëåíèå íà ïðà-
âèòåëüñòâî è îáñëóæèâàþùèå êîìïàíèè,
÷òîáû óìåíüøèòü ñìåðòíîñòü ïòèö. Â Ìåê-
ñèêå óæå óñòàíîâëåíû ìåðû, íåîáõîäèìûå
äëÿ ñîêðàùåíèÿ óðîâíÿ ñìåðòíîñòè ïòèö íà
ËÝÏ (Instituto Nacional de Ecologia et al.
2002). Òåõíè÷åñêè ïðîáëåìû ñ ËÝÏ â Ìåê-
ñèêå ìîãóò áûòü ðåøåíû, îäíàêî ðåàëüíî-

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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Ðèñ. 7. Ðàçëè÷íûå âàðè-
àíòû ÏÇÓ: 1. Ïëàñòìàññî-
âûå øèïû, êðåïÿùèåñÿ íà
ñòàëüíîé òðàâåðñ ïòèöå-
îïàñíîé ËÝÏ, äëÿ îòïóãè-
âàíèÿ ïòèö. 2. Êîæóõè èç
ÏÂÕ, óñòàíîâëåííûå íà
ñòàëüíûå òðàâåðñû îïîð
ËÝÏ, íà ñåâåðî-âîñòîêå
Ñîíîðà. Ôîòî Æàí-Ëþê
E. Êàðòðîí

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

ãî ïðîãðåññà íå áóäåò äî òåõ ïîð, ïîêà CFE
è ïðèðîäîîõðàííûå âåäîìñòâà íå ïðèäóò
ê êîíñåíñóñó ïî ýòîìó âîïðîñó.

Ìû ìîæåì ðåêîìåíäîâàòü ñëåäóþùèå:
Âûÿâëåíèå è êàðòèðîâàíèå «ãîðÿ÷èõ òî-

÷åê» ñ ïîâûøåííûì óðîâíåì ñìåðòíîñòè
ïòèö íà ËÝÏ îò ïîðàæåíèÿ ýëåêòðîòîêîì,
ñðàâíèìûõ ñ êîëîíèÿìè ëóãîâîé ñîáà÷êè
áëèç ã. Õàíîñ.

Âûÿâëåíèå è êàðòèðîâàíèå òåððèòîðèé,
ãäå óãðîçå ãèáåëè îò ýëåêòðè÷åñêîãî òîêà
íà ËÝÏ ïîäâåðãàþòñÿ ïòèöû òåõ âèäîâ, êî-
òîðûå òðåáóþò îñîáîãî âíèìàíèÿ (âêëþ-
÷¸ííûå â ñïèñêè óãðîæàåìûõ â Ìåêñèêå
èëè ÑØÀ).

Âûÿâëåíèå è êàðòèðîâàíèå ïîòåíöèàëü-
íûõ «ãîðÿ÷èõ òî÷åê», îñíîâûâàÿñü íà àíà-
ëèçå ïóòåé ìèãðàöèè, äàííûõ ó÷¸òîâ, ðàñ-
ïðåäåëåíèÿ ËÝÏ, êàðò ðàñòèòåëüíîñòè è
äèàãðàìì àòìîñôåðíîãî ýëåêòðè÷åñòâà.
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