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Abstract
When monkeys, such as the toque macaques (Macaca sinica) of Sri Lanka, seek food 

on the ground near human habitation, they may use electrical posts to escape aggres-
sion from conspecifics, dogs, or humans. Shields mounted on electrical posts prevented 
monkeys from reaching the electrical wires, thereby averting their electrocution: the 
frequency of electrocutions (n = 0) was significantly less (p < 0.001) in the 12 years after 
installation of the shields than in the 12 years before (n = 18). Electric shocks were either 
fatal (n = 14) or caused permanent injury (n = 4) (collectively referred to as electrocutions 
hereafter). The shields may find broader applications in other primate species and envi-
ronments wherever monkeys are attracted by human food near electrical posts. Pri-
mates and other arboreal mammals also accessed live wires from trees; at known elec-
trocution hotspots, short spans of exposed wires were insulated by encapsulating them 
in PVC water pipes. It was impossible, however, to prevent electrocutions from all elec-
tric supply infrastructures that put monkeys at risk. A wider use of insulated electric con-
ductors in planning power distribution in habitats frequented by wild animals would be 
desirable in preventing electric shocks to wildlife. © 2020 S. Karger AG, Basel

Introduction

The expansion of human activity into wilderness areas brings in its wake ever 
increasing conflict between wildlife and humans, one aspect of which includes the 
electrocution of animals on power lines. Electrocutions have been documented for 
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Asian elephants [Palei et al., 2014], raptors worldwide [Jenkins et al., 2010; Guil et al., 
2011] as well as primates in Africa [Maibeche et al., 2015; Katsis et al., 2018], Latin 
America [Printes, 1999; Goulart et al., 2010; Rodrigues and Martinez, 2014], and Asia 
[Dittus, 1986; Rudran, 2007; Moore et al., 2010; Kumar and Kumar, 2015; Ram et al., 
2015; Al-Razi et al., 2019]. To mitigate such events among primates, a variety of pro-
tective measures have been suggested including canopy bridges over power lines, tree 
trimming, wire insulation, and braiding of power lines [Valladares-Padua et al., 1995; 
Printes, 1999; Lokschin et al., 2007; Roscoe et al., 2013; Teixeira et al., 2013; Gregory 
et al., 2017].

In the interest of protecting valuable wildlife resources and preventing power 
outages, some electrical companies have devised ways of preventing wildlife electro-
cutions. The Wheatland Electric Cooperative, Inc. [2014], in the USA, for example, 
reports that insulated rubber-like bushing covers have been installed to cover trans-
former bushings and jumper wire tubing in areas frequented by squirrels and birds 
of prey and have slowed the number of wildlife electrocutions. Wrapping sheet met-
al around specific poles 3 m off the ground has proven effective in reducing the num-
ber of raccoon electrocutions. The sheet metal prevents the raccoons from climbing 
high enough to come into contact with the energized electrical lines.

Planning the mitigation of primate electrocutions on a broad scale involves the 
identification of electrocution hotspots for priority attention as has been done for 
birds [Tintó et al., 2010, Dwyer et al., 2014] and some primate species in Kenya [Kat-
sis et al., 2018]. Guidelines for preventing the electrocution of wild primates are  
rare, however, and all too often no mitigation is planned. On a local scale, the meth-
od of mitigation should be adapted to the specific environmental and species circum-
stances.

Here I report on new methods to prevent electrocution among toque macaques 
(Macaca s. sinica) of Sri Lanka and potentially other monkey species elsewhere that 
face similar threats from the introduction of electrical wires into their environments. 

a b c

Fig. 1. Toque macaques were at risk of electrocution (a) when climbing electrical posts, but spe-
cially designed shields (b) mounted on electrical posts (c) prevented their access to the electrical 
wires and safeguarded them from electrocution (politicians posted their advertisements on the 
shields).
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Specifically, the threat was posed by uninsulated electric wires mounted on single 
poles as are commonly found in rural and urban primate habitats where monkeys are 
at risk of electric shock by climbing up the posts (Fig. 1a). Monkeys may also bite into 
insulated wires or contact uninsulated electric infrastructure from trees. Toque ma-
caques inhabiting the Nature Sanctuary and Archaeological Reserve at Polonnaruwa, 
Sri Lanka, have been studied since 1968 to the present (2020). Four of the initial 18 
study groups were subject to occasional electrocutions on power lines along a road 
that cut through a segment of these macaques’ home ranges (Fig. 2). It was in the in-
terest of the study and conservation to prevent such casualties. I aim to describe the 
design of “monkey shields” that prevented the macaques’ access to the roadside pow-
er lines and to test the efficacy of the design by comparing the frequency of electrocu-
tions for 12 years before and 12 years after the installation of the shields. It was not 
possible to insulate all electrocution hotspots including a transformer peripheral to 
the affected macaques’ ranges (Fig. 2).

The other species of primates at the Polonnaruwa study site were two species of 
leaf-eating monkeys, the gray or Hanuman langur Semnopithecus priam thersites and 

Sri Lanka
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Fig. 2. Map of the south-western section of the study area at Polonnaruwa, Sri Lanka, where anti-
electrocution shields were installed on 32 electric poles along highway A11 that cut through ma-
caque home ranges.
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purple-faced langur S. vetulus philbricki as well as the nocturnal insectivorous slender 
loris Loris lydekkarianus nordicus. These species were generally not subject to elec-
trocutions in the same manner that macaques were at the research site but were at 
risk in other areas of Sri Lanka [Nekaris and Jayawardene, 2004; Parker et al., 2008].

Methods

Research Site and Environs
The study population of macaques initially involved about 450 individuals that were distrib-

uted among 18 independent social groups [Dittus, 1977a]. Some of these groups had increased 
their numbers over the years, split into two or more daughter groups, a few became extinct, and 
new groups (of demographic and ecological interest) also were added to the original population 
sample [Dittus, 1988; Dittus et al., 2019]. Macaque density varied in space and time from 1 to 3 
individuals per hectare, being greatest where macaques had regular access to human food scraps 
and the concomitant electric posts. The area occupied by the sum of the home ranges of all study 
groups (n = 33) was approximately 8.5 km2 with a perimeter of approximately 18 km. Four of 
these groups, located in the south-western section of the sanctuary, were subject to electrocution 
on power lines that cut through the study area for about 1.5 km (1% of the perimeter). The main 
area of risk was along highway number A11 between the Hathamuna Junction and the bridge 
over the irrigation channel at the northern entrance to the old town of Polonnaruwa (Fig. 2). 
Along that strip of road, these were the only groups facing this risk apart from the occasional im-
migrant male from a neighboring group. The affected groups had been labeled as A, SG, C, and 
D. The groups A and SG fused in 1976 [Dittus, 1987], group C went extinct, and group D split 
into three daughter groups D1, D2, and D3 [Dittus, 1988]. The forest of the sanctuary was dry 
evergreen forest [Dittus, 1977b] and was bordered by partly inhabited secondary and scrub for-
est, a lake, and an irrigation channel.

Subsistence level households were scattered outside of the boundaries of the sanctuary, rice 
was cultivated in some areas of the surrounding region, and tourists visited sections of the site. 
Electric supply lines to individual buildings were insulated when feeding off the main line of bare 
wires. Notwithstanding, exposed wires with neglected branch trimming were encountered at a 
few places away from the roadside. At such sites, in addition to primates, other arboreal mammals 
were also at risk of electrocution, including giant squirrels (Ratufa macroura), palm squirrels 
(Funambulus palmarum), and flying-fox fruit bats (Pteropus medius).

Population Census
All macaques in the study groups were individually identified systematically from their 

natural markings, many had also been tattooed [Dittus and Thorington, 1981]. Macaques were 
censused at least once monthly and more frequently during the birth season. In this way, a log 
was kept of the number of months that known individuals were alive in each group. Casualties 
from electrocutions (Fig. 1a) were mostly known because they occurred in conspicuous places 
along the roadsides (Fig. 2) and the local community alerted the primatologists. Home ranges 
were monitored by charting range use on preprinted maps.

Results

Shield Design and Installation
The framework of the cylindrical shield was constructed of welded iron bars cov-

ered with an outer surface of galvanized tin sheet (Fig. 3). The cross-section dimen-
sion of the iron bars was ½ inch × ¼ inch (6.4 mm × 12.7 mm). The shield was con-
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structed as two half cylinders hinged on one side and bolted shut when affixed to the 
electrical posts. Clamps in the center top and bottom of the cylinder held the shield 
to the posts (Fig. 1b). The mesh (7.5 cm × 7.5 cm) at the top of the shield was welded 
with 6-mm diameter iron rods. The outer surface of the shield was smooth and pro-
vided no hand holds. Bars of the frame and clamps crossed at right angles at the open 
bottom of the cylinder and offered easy grips to access the interior of the shield for 
monkeys climbing up the electrical pole. Shields were installed along the 1.5-km 
stretch of road where transmission posts were located, one shield per post (Fig. 1c); 
there were 32 installations (Fig. 2). The shields’ lower edges were approximately 5 m 
above ground level. The Sri Lanka Electricity Board authorized and assisted with 
these installations and shut off the power transmission when shields were mounted 
onto the posts.

Testing Efficacy of Shields in Preventing Electrocutions
In the 12-year period preceding the installation of the shields, 18 macaques had 

been electrocuted. Four individuals survived the electrocution, but lost one or more 
of their limbs, the other 14 were fatal. In the 12-year period following installation, 
none were electrocuted along the shielded roadside. The focal groups grew over the 

90 cm

80 cm

Fig. 3. The protective shield was constructed in two half cylinders that were joined together when 
mounted on a post with clamps located in the center of the top and bottom of the framework. 
The open bottom allowed monkeys’ easy access to the interior of the shield but the mesh at the 
top prevented further ascent towards the electrical wires (drawing by Pulasthi Handunge).
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24-year period such that the numbers of macaques at risk changed through time [Dit-
tus et al., 2019]. Therefore, I estimated the total number of months that each indi-
vidual in the at-risk groups was observed before and after June 1987 when shields had 
been installed. A month of observation of a living monkey was considered as a mon-
key-month. Assuming a random model for the probability of being electrocuted at 
any time, the expected frequencies of casualties was estimated in relation to the pro-
portion of time (monkey-months) that macaques were observed before and after 
shield installation. There were significantly (p < 0.001) fewer casualties after than 
before the protective shield installations (Table 1, part A).

Some electric shock casualties occurred among these groups at sites that could 
not be insulated. The frequency of electrocutions there increased over time in propor-
tion to population numbers and bore no relation in space or time to shield installa-
tions along the roadside (Table 1, part B).

Other Protections
Outside and within the nature sanctuary, individual buildings were occasionally 

supplied with uninsulated wires strung through the forest where branch clearing was 
infrequent. Therefore, primates and other arboreal mammals were at risk of electric 
shock from wires accessed through branches. At high-risk sections, where wires were 
close to the trees, the wires were encapsulated in PVC water pipes (1.3 cm diameter). 
Normal electrical conduit tubing was considered too flimsy for this purpose. The 
PVC pipes were slit with a single cut along their length and simply pinched closed 
over the wires. Long sections of pipe, or two sections in tandem prevented their slip-
page along the wire (Fig. 4). Since their installation in 1986, the PVC pipes were still 
intact on the wires 34 years later with no intervening maintenance. No quantitative 
tests were carried out to test the efficacy of these encapsulated wires, but ad libitum 
observations suggest that electrocutions were prevented at these potential hotspots.

Juvenile macaques had a penchant for biting and licking insulated telephone 
wires presumably to experience the tingling of weak electric current; the behavior ap-

Table 1. Comparison of the number of monkeys electrocuted in the 12-year periods before (1975–
1987) and after (1988–1999) the installation of the anti-electrocution shields in areas protected 
(A) and unprotected (B) by shields

Before shield
installation, n

After shield
installation, n

Fisher exact
test (p)

Monkey-months observed 9,538 18,684

A Protected area
Electrocutions observed 18 0 <0.001Electrocutions expected 6 12

B Unprotected areas
Electrocutions observed 4 9

1.000*Electrocutions expected 4 9

* Not significant.
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peared playfully inquisitive. At the Smithsonian Primate Research Station (see Google 
maps), insulated electric wires were encapsulated in PVC pipes and linked under-
ground between buildings. This prevented inquisitive macaques from biting the in-
sulated wires: no electrocutions were observed there in 43 years (1977–2020).

Discussion

Context Leading to Electrocution
Toque macaques are long-tailed and anatomically adapted to move through the 

trees and on the ground [Grand, 1972, 1976]. They forage, rest, and sleep in the trees 
and come to the ground mostly to forage when food sources are most accessible at 
ground level [Dittus, 1977a]. They do not normally climb up transmission posts or 
contact electrical wires at the study site. The Sri Lanka Electricity Board regularly 
trimmed tree branches away from the main supply wires along the road to prevent 
outages, therefore monkeys’ access to wires from tree crowns was minimal along the 
main roads. During the harvest season when rice was transported, small amounts of 
rice spilled onto the tarmac, people also littered their meal scraps, and these artificial 
foods attracted macaques to forage along the roadsides. When macaque fights and 

a
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Fig. 4. Short segments of uninsulated electric cables that coursed near tree branches (a) were en-
capsulated in PVC water pipes (b) as a supplementary means to prevent monkeys and other ar-
boreal mammals from suffering electrocution at sites where the trimming of tree branches was 
irregular.
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chases erupted at such locales, the electric posts often offered the closest escape route 
upward off the ground, putting the subordinate escapee at risk.

Rationale for Shield Design and Adaptability
The shield’s design required a block of access to the wires when an escaping ma-

caque shinnied up the pole. The shield was left open at the bottom for easy access but 
was blocked by a wire mesh at the top (Fig. 1b, 3). The open mesh allowed the ma-
caques to see the sky or tree canopy (freedom to escape higher) through the bole of 
the shield. The combination of a smooth outer surface of the shield that offered no 
hand grips, a diameter greater than stretched out limbs, and a height greater than 
adult body lengths prevented macaques from attempting to climb over the outer sur-
face of the shield. Structural struts inside the shield, on the other hand, were easily 
accessed from the open bottom and offered a place to sit and cling. Very few monkeys 
attempted to skirt around the outside of the shield and those that did gave up and 
took the easy route to go inside the shield. The design was purposely sturdy to with-
stand the forceful south-west monsoon winds at Polonnaruwa. The shield design, 
however, is open to adaptation to local conditions; for example, the lower opening 
might be made wider than 80 cm diameter (creating a cone shape) to more easily ac-
commodate larger-bodied monkeys, such as langurs.

Shield Use for Other Primate Species and Environments
The shields were an effective way to block macaques from being electrocuted 

under the conditions specified here. Comparable environmental and social contexts 
that lead to the risk of electrocution are, however, familiar for macaque species 
throughout Asia [Pirta et al., 1997; Eudey, 2008; Kumar and Kumar, 2015] and pri-
mates elsewhere [Lokschin et al., 2007]. Electrocution hotspots are common in towns 
and along rural roads where macaques are attracted by human food scraps, crops, and 
fruit trees and aggressive competition for food can occur at high rates at such spots 
[Southwick et al., 1976; Singh, 2019]. The shield design, therefore, may have a more 
general application, not only for macaques but also other ground-and tree-dwelling 
primates that face this threat in their environments [Boinski et al., 1998; Printes, 1999; 
Goulard et al., 2010; Lokschin et al., 2007; Maibeche et al., 2015; Ram et al., 2015; Al-
Razi et al., 2019]. The shield design is suited for single posts (Fig. 1c) that are most 
widely used in rural or domestic settings; high-power pylons being excluded. In plan-
ning to safeguard monkeys and other wildlife from electrical wires, the installation of 
insulated wires may be more cost-effective. But that option may not be available 
where bare wires already are in place. Shields would offer an immediate safeguard 
until such a time that insulated wiring can be afforded and installed. Primatologists 
may follow the lead of ornithologists [e.g., Tintó et al., 2010; Guil et al., 2011] to iden-
tify electrocution hotspots where animals are most vulnerable and prioritize protec-
tive measures at these sinks [Teixeira et al., 2013].

The three other primate species at the Polonnaruwa site, the leaf-eating langurs 
and loris, were not attracted to roadsides to forage and therefore were less at risk in 
such a context. At other sites, however, slender loris were known to contact electrical 
wires from overhanging branches, being attracted to insects swarming around road 
lights (personal observation). Nekaris and Jayewardene [2004] reported that electro-
cution was the main known cause of loris mortality in areas of Sri Lanka that are heav-
ily populated by humans. A similar threat has been reported for the critically endan-
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gered purple-faced langur in the human-dominated landscapes of south-western Sri 
Lanka [Rudran, 2007; Parker et al., 2008; Roscoe et al., 2013]. The shields would offer 
little protection where wires are accessed through trees. Nevertheless, when the high-
ly arboreal purple-faced langurs navigate their ranges through fragmented tree cano-
pies [Moore et al., 2010], they are often left no option but to descend cautiously to the 
ground and dash at top speed to the nearest tree trunk [Grand, 1976; personal obser-
vation]; if the route ends at an electrical post, the shields could prevent electrocution.

Electric wires are commonly accessed from trees by arboreal mammals and pose 
a risk of electric shock if wires are not insulated. By law in Sri Lanka, electrical cables 
in wildlife protected areas are banned or require insulation. Similarly, electric supply 
to individual households normally are insulated to protect human residents. Occa-
sionally, however, they were not. When exposed cables are strung over a short dis-
tance, as from a main transmission post to a building or between buildings, the wires 
might be insulated by manually encapsulating them in PVC water pipes. The pipes 
were simple to install and inexpensive. Over long distances of exposed wire, however, 
the use of either insulated wire and/or frequent tree trimming would seem more ap-
propriate safeguards for arboreal animals as has been suggested elsewhere [Lokschin 
et al., 2007; Gregory et al., 2017]. At several South American sites, arboreal mammals 
have been provided safe passage between fragmented forest patches by way of rope 
canopy bridges that were strung above roads and/or electric power lines [Valladares-
Padua et al., 1995; Lokschin et al., 2007; Teixeira et al., 2013]. Gregory et al. [2017] 
have shown that well-located canopy bridges were used with increasing frequency by 
multiple arboreal mammal species and presumably reduced electrocution casualties. 
The efficiency and cost-effectiveness of most mitigations have not been widely inves-
tigated and are expected to differ with the species, environment, and economic con-
text. The methods described here were developed as immediate site-specific remedies 
where the prevention of monkey electrocutions (from exposed live wires) was not 
considered in the planning of electric power distribution. Despite the success of the 
anti-electrocution shields installed on electric posts at Polonnaruwa, it was impossi-
ble to protect monkeys from all risks of electric shock in the environment (Table 1, 
part B). Awareness of the general public and responsible authorities would be helpful 
in prioritizing budget allocations for efforts to mitigate wildlife electrocutions – most 
effectively by using insulated cables and terminals.

Conclusion

The shields prevented toque macaques from accessing electrical wires when 
climbing up the posts from the ground. I suggest that such shield designs offer pro-
tection from electrocution for other arboreal or semi-arboreal primates (having sim-
ilar ecologies) when monkeys seek food on the ground near electrical posts and flee 
from aggressors (conspecifics, dogs, or humans) using these posts. Live wires ac-
cessed through trees also posed a risk. Short spans of uninsulated electric wires be-
tween posts might be encapsulated in PVC water pipes at sections where untrimmed 
tree branches provide arboreal mammals access to such electrocution hotspots. Ulti-
mately, however, given the variety of electric supply configurations accessible to wild-
life in the environment, wider use of insulated connections would appear most effec-
tive in ameliorating wildlife electrocutions.
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