Sanchez et al. Avian Res (2020) 11:20
https://doi.org/10.1186/540657-020-00206-9

Avian Research

RESEARCH Open Access
®

Do supplemental perches influence gl
electrocution risk for diurnal raptors?
Roberto Sanchez'?, Javier Sénchez?, Javier Oria® and Francisco Guil*’

Abstract

Background: Power lines are amongst the main causes of mortality for birds globally. Electrocution drives the popu-
lation dynamics of several threatened species of raptors, at local and global scales. Among the many solutions that
have been tested to minimize this threat are supplemental perches; however, their efficiency has rarely been assessed.

Methods: We designed 43 transects in 4 districts in mainland Portugal to gather data from birds perching on pylons
with or without supplemental perches. From 2015 to 2018, transects were surveyed by car at least once. We analyzed
the factors driving the use of these supplemental perches, and we analyzed if there were differences in the perceived
risk (calculated from measurements and not from field surveys) depending on whether the perching was on pylons
with or without supplemental perches.

Results: We recorded 548 perches of 14 species. Weather conditions seemed to play a role in birds’' choice of pylons
with supplemental perches versus pylons without supplemental perches. Models also indicated a strong influence of
observational conditions. The use of models showed us an important specific effect in the selection of supplemental
perches where available: there are some species with a greater tendency to perch on supplemental perches, even
when they use both pylons with and without supplemental perches. For most of the analyzed species and species
groups, perceived risk was higher in pylons without supplemental perches compared to pylons with supplemental
perches, but there were differences between species.

Conclusions: Supplemental perches may be a useful and efficient tool for mitigating raptor electrocution. However,
there are many influential factors affecting their success, and their effectiveness with different species groups is not
homogeneous. Some studies show higher electrocution rates for certain species and devices and thus, their efficacy
must be validated. We propose a two-step validation process, first in controlled conditions and then in the field. A
common protocol should be established to enable comparisons between studies.
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Background

There is no debate that human development impacts the
environment (Griggs et al. 2013). Some of the most heav-
ily studied impacts are those derived from linear infra-
structures on biodiversity. A reduction in mammal and
bird population densities has been found with increasing
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proximity to infrastructure (Benitez-Lépez et al. 2010).
While there are common elements, the types of impacts
vary with the different types of infrastructure such as
railroads (Carpenter 1994), roads (Trombulak and Fris-
sell 2000) and power lines (Biasotto and Kindel 2018).
The environmental impacts of power lines are well-
known, despite their wide range. During operation, they
mainly impact the landscape, nature, and biodiversity
(Bagli et al. 2011). Among the most studied impacts are
those related to biodiversity, such as collisions (Bev-
anger 1998; Bernardino et al. 2018) or electrocution
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(Herndndez-Lambrafo et al. 2018), but there are other
significant impacts, like entanglement (Gangoso and
Palacios 2002), effects on reproduction (Fernie and
Reynolds 2005) or even an increase in non-native spe-
cies (Kurek et al. 2015). There are also positive impacts,
including the use of pylons by birds as perching (Tomé
et al. 2011) or nesting sites (Tryjanowski et al. 2014;
Mainwaring 2015).

The main technique to address the negative impacts
is adequate planning, including environmental impact
assessment (Bagli et al. 2011; D’Amico et al. 2018).
However, there are many power lines that are currently
impacting the environment. Thus, several ecological
restoration techniques to minimize the impacts of exist-
ing power lines have been developed, mainly focused
on biodiversity (APLIC 2006). However, not all of these
techniques appear to be equally effective (i.e. Brown and
Drewien 1995; Janss and Ferrer 1999).

Electrocution of birds on power lines greatly impacts
the conservation of raptors (Accipitriformes and Falco-
niformes, hereafter diurnal raptors) in many parts of the
world, affecting many species (Janss 2000). It is the main
mortality cause for the most endangered raptors, Aquila
adalberti and Aquila fasciata (Real et al. 2001; Gonzalez
et al. 2007). The severity of the impact depends on many
aspects, such as bird size (Janss 2000), the surround-
ing habitat (Mafosa 2001), pylon technical characteris-
tics (Herndndez-Lambrano et al. 2018), food availability
(Guil et al. 2011), and spatial location (Pérez-Garcia et al.
2011).

Techniques to minimize electrocution mainly involve
modifying the pylon’s technical characteristics, a pro-
cess known as retrofitting (Chevallier et al. 2015). There
are many ways to retrofit a pylon or power pole. The
most effective methods involve structural modifications
(Tint6 et al. 2010), but these are also the most expensive
techniques. Isolation can be more moderate in terms
of cost and effectiveness (Lehmann et al. 2010), and
other practices, such as installing supplemental perches
(Dwyer et al. 2016a) or perching deterrents (also called
anti-perching devices, discouragers, diverters or guards;
APLIC 2006; Dwyer and Doloughan 2014; Dwyer et al.
2016b), have been used.

Supplemental perches and perching deterrents both
aim to prevent perching by birds near the conductors.
Supplemental perches are usually installed on top of the
pylon (i.e. Dwyer et al. 2016a), while perching deterrents
are located over the crossarm (with several variations
depending on type). Despite their wide use (Karyakin
and Barabashin 2005; APLIC 2006), the effectiveness of
supplemental perches and perching deterrents has rarely
been assessed, and most studies have mainly involved
wooden-pole lines (Harness and Garrett 1999; Dwyer
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and Doloughan 2014, but see Dixon et al. 2019). To our
knowledge, there are no studies evaluating the effective-
ness of supplemental perches on pylons with pin type
insulators.

Pylons with pin type insulators were the most com-
mon type of pylon in the Iberian Peninsula, until it was
determined that they were a primary source of human-
induced mortality for most threatened raptors (Negro
et al. 1989). Since then, many studies have been devoted
to this topic (Guil et al. 2011; Ferrer 2012) and great effort
has been made to minimize raptor electrocution in gen-
eral, with particular attention to these threatened spe-
cies (Tint6 et al. 2010; Guil et al. 2015). This has included
the increased use of supplemental perches and perching
deterrents (Janss and Ferrer 1999). Thus, we consider the
Iberian Peninsula a good case study for evaluating the
efficiency of supplemental perches in minimizing diurnal
raptor electrocution rates.

As a part of the effort to reduce power-line related
mortality in Portugal, newly built power lines include
supplemental perches on pylons, which are also installed
as a retrofitting measure. We sought to determine
whether these measures are reducing or augmenting the
risk of raptor electrocution, and which factors are driving
the use of these pylons by birds.

We chose to analyze several aspects of raptor perches
observed during regular fieldwork in four areas of main-
land Portugal. In this area, there is only one electricity
distributor (EDP), using one primary model for holder
and anchor pylons: three-level anchor pylons, partially
equipped with a set of supplemental perches, installed
for minimizing electrocution risk. These supplemental
perches include a pair of inverted V-shaped steel bars
that are installed at the top of the pylon, for preventing
bird perching on the crossarms (see Fig. 1).

Our goals were to determine if we had an adequate
sample of the breeding birds, which factors drive the
use of pylons with supplemental perches (compared to
pylons without supplemental perches), whether those
factors affect all groups of diurnal raptors similarly, and
whether there are differences in the perceived risk for
diurnal raptors between pylons with and without supple-
mental perches.

Methods

Data gathering

Data were collected mainly from Dec-2015 to Aug-2018.
We added 10 previous data points from large eagles
perches in the same area from 2012 to 2014. Data were
mainly gathered during the fieldwork carried out as part
of the LIFE + Imperial project (http://lifeimperial.lpn.pt/
en). The fieldwork covered vast areas, and thus we only
considered data gathered in four districts (Beja, Evora,
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Fig. 1 Three-level anchor pylons with the defined positions (the
Spanish Imperial Eagle Aquila adalberti in this photo is perched on
position Pos 1 and this is a GAL design)

Portalegre and Castelo Branco), where we could define
43 transects of variable length (see Fig. 2). Transects
were designed based on the most frequented areas dur-
ing the LIFE project. They were not consistently assessed,
but were surveyed at least once per month. Transects
were surveyed by car, and the driver was the only occu-
pant. We added eight observations from the same region
and the same time frame, but collected outside of the
transects.

During the transects, data from each perched rap-
tor on three-level pylons were recorded. They included
both holder and anchor pylons, being holder pylons
those only used to support the conductors and separate
them from the ground and anchor pylons those using
horizontal insulator strains to generate a mechanical
tension to the conductor. Some of these pylons were
equipped with a set of supplemental perches. We
recorded the species (and, if distinguishable, age and
sex), the time of day, the approximate location (the
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nearest village), and where the bird was perched on the
pylon. We defined seven possible perching positions
(see Fig. 1):

+ Al: At the top of the supporting pylon.

+ BI: At the highest point of the crossarm.

+ B2: At mid-level of the crossarm.

+ B3: At the lowest point of the crossarm.

+ DPos 1: At the top of the highest supplemental perch.

o Pos 2: On the highest supplemental perch, not
including the top.

+ Pos 3: On the lowest supplemental perch.

To control the number of pylons with and without sup-
plemental perches, we surveyed 52 power lines using
Google Street View (Google 2020). Those power lines
were distributed amongst all of the areas. We surveyed
1018 pylons with a three level crossarm, of which 516 had
supplemental perches (50.7%). Raw data are provided in
Additional file 1.

We gathered weather data through World Weather
Online  (https://www.worldweatheronline.com/). We
requested the nearest temperature (in °C), humidity (in
%), wind (km/h) and rainfall (mm/h) in a 3-h lapse per
observation and site. We also gathered the geographical
coordinates (latitude and longitude) for the center of each
locality using Google Earth (Google 2019), with 10 km as
the highest eye elevation. To determine if the birds were
within a protected area, we used the World Database on
Protected Areas (Protected Planet 2019). We gathered
land use data through Corine Land Cover 2018 (Biittner
et al. 2017). We considered a 1 km area surrounding each
site covered by forest (cover classes 244 and 31), shrub
(cover classes 322 and 323), pastures (cover classes 321
and 333) and annual crops (cover classes 21 and 241). We
defined four a priori functional groups of diurnal rap-
tors based mainly on species size (partially after Soldatini
et al. 2011 and Garcia 2013, 2017; see Table 1): Vultures,
Large eagles, Medium-sized raptors, and Small raptors.

Comparing perching on pylons with and without
supplemental perches

For each functional group and species with a mini-
mum number of perches (more than 10, in both pylons
with and without supplemental perches), we analyzed
whether there were differences in the usage of each
position related to weather conditions (temperature
(°C), humidity (%), wind (km/h) and rainfall (mm/h)).
We also analyzed the time of day when perches were
detected. For this purpose, we considered the num-
ber of hours since noon (12:00 h). Normality was
tested with a Shapiro test. For normally-distributed
variables, we used a paired ¢ test and for non-normal
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Fig. 2 Surveyed transects (blue lines), observations inside (green dots) and outside (red dots) of the transects

variables, we used a paired Wilcoxon test. We repeated  without supplemental perches. All analyses considered
this method to analyze if there were differences in the a significance level of 0.05 and were carried out in R
usage of positions B1 and B2 between pylons with and 3.5 (R Core Team 2019).
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Table 1 Per functional groups and species, number of perches on pylons without (noted as w/o) supplemental perches,
perchings on positions B1, B2 and B3 for both pylons, pylons with supplemental perches and, amongst them the number
of perchings within the supplemental perches, and years when data were gathered

Functional group Species W/O supplemental perches  With supplemental perches Years
General B1,B2,B3 General B1,B2,B3 In supps.
Vultures Gyps fulvus 17 (10/2) 41,0 0 0 0 2016-2018
Large eagles Aquila adalberti 16 (6/10) 6,2,0 3(2/1) 1,0,0 2 2012-2018
Aquila fasciata 0 0 4(3/1) 2,1,1 0 2015-2017
Circaetus gallicus 54 (51/2) 16,2,0 59 (40/18) 10,0,0 47 2014-2018
Pandion haliaetus 3(1/2) 1,0,0 0 0 0 2013-2014
Medium-sized raptors Hieraaetus pennatus 1 1,0,0 1 1,0,0 0 2017-2018
Falco peregrinus 0 0 1 1,0,0 0 2018
Milvus migrans 4 2,1,0 2 0,00 2 2016-2018
Milvus milvus 3 2,0,0 1 0,00 1 2018
Buteo buteo 104 47,17,2 128 45,18,8 52 2015-2018
Small raptors Elanus caeruleus 20 0 36 1,0,0 34 2015-2018
Falco naumanni 0 0 6 4,2,0 0 2015-2018
Falco vespertinus 0 0 1 0 1 2015
Falco tinnunculus 39 16,11,3 45 19,11,6 3 2015-2018

In the functional groups of Vultures and Large Eagles, parentheses indicate the number of perches for adults/juveniles and subadults. Individuals with unknown age

are not shown

We also assessed our ability to predict the use of a
pylon with versus without supplemental perches.
The dependent variables were binary: we considered
whether the raptor was perched on a pylon with (1)
or without (0) supplemental perches. We contrasted
the following six models per analysis using an Infor-
mation Theoretic approach (Burnham and Anderson
2002): the null model, a model using observation con-
ditions [year (with 5 levels), season (with 4 levels), dis-
trict (with 4 levels), latitude, and longitude], another
using weather variables (temperature, humidity, wind,
and rainfall), one with land use [considering the exist-
ence of protected areas (with 2 levels) and the land use
according to CLC: forest, shrubland, pastures, annual
crops], one with the perching species, nested within
functional group, and one including all factors. In this
approach, the Akaike’s Information Criterion (AIC) is
typically used as a measure of parsimony (Burnham
and Anderson 2002). Hence, we ranked the six models
according to their AIC and considered the model with
the lowest AIC as the best model explaining the varia-
tion in the response variables (Burnham and Anderson
2002). For each model, we used a logistic regression
with a log-link function and we gathered Pseudo R*
using the DescTools extension (al Asem 2019).

Quantifying perch locations on pylons with supplemental
perches

We used an analogous approach to that used for predict-
ing the use of a pylon with versus without supplemental
perches. For those perches occurring in pylons with sup-
plemental perches, we considered whether the raptor
was perched on a supplemental perch (1) or not (0). We
used the same six models and we ranked them accord-
ing to their AIC and considered the model with the low-
est AIC as the best model explaining the variation in the
response variables (Burnham and Anderson 2002). For
each model, we used a logistic regression, with a log-link
function and we gathered Pseudo R* using the DescTools
extension (al Asem 2019).

Perceived electrocution risk on pylons with or without
supplemental perches

For evaluating the variations in the perceived risk, the
perches of raptors in different contexts were considered
and qualified between 0 and 10, according to these crite-
ria and partially after Guil et al. (unpublished):

10: Perches in position B3 for species with a larger
body length (maximum height) than the separation
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of the crossarm and the upper conductor

9:  Perches in position B3 for species in which the
sum of body (maximum height) and 50% of the
wing length is larger than the separation of the
crossarm and the upper conductor

8:  Perches in position B3 for species in which the
sum of body (maximum height) and the wing
length is larger than the separation of the crossarm
and the upper conductor

7:  Perches in position B3 for species in which the
sum of body (maximum height) and the wing
length plus 15 cm is larger than the separation
of the crossarm and the upper conductor (15 cm
is a minimum distance for standard power lines
according to the generic method described in
INSHT 2011)

6:  Other perches in B3

5:  Perches in B2 and B1 for species in which the wing
length is larger than the insulator strain

4:  Perches in B2 and B1 for species in which the wing

length is larger than the insulator strain plus 15 cm

(INSHT 2011)

Other perches in B2 and B1

Perches in Al

Perches in Pos 2 or Pos 3

Perches in Pos 1

N w

For gathering the body length (maximum height), we
used del Hoyo et al. (1994) and for the wing length we
used bibliographic references and the CRBPO online
database (2020). See Additional file 2. There are two main
designs for three-level holder pylons in Portugal: GAL
(with approximately 70 cm between crossarm B3 and the
upper conductor) and GAL1 (with approximately 130 cm
between crossarm B3 and the upper conductor), and
average insulator strains were 65 cm (EDP 2018). As we
did not record the type of pylon, we used a probabilistic
approach. We analyzed a portion of the holder pylons
surveyed to determine the proportion of pylons of GAL
and GALL1 designs (Additional file 1), and results showed
that 71.2% had a GAL design and 28.8% a GAL1. We then
calculated the estimated risk in both designs and aver-
aged it using the proportion of pylon designs.

With these perceived risks, for every species or func-
tional group with at least three perches on pylons with
and without supplemental perches, we used a sign-rank
Wilcoxon test to determine if there were differences, as
values were non-normally distributed. As immatures
are the most electrocution-prone age group (Gonzilez
et al. 2007), we complimented this analysis with a paired
sign-rank Wilcoxon test for differences in the frequency
of use of supplemental perches when compared to the
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use of pylons with supplemental perches for immature
individuals.

Results

We recorded 14 raptor species perching on three-level
pylons, for a total number of 548 observations. We con-
sidered them to be included in four functional groups.
Of those 14 species, only 6 showed a relevant number
of perches (more than 10, in both pylons with and with-
out supplemental perches): Gyps fulvus, Aquila adal-
berti, Circaetus gallicus, Buteo buteo, Elanus caeruleus
and Falco tinnunculus.

Comparing perches on pylons with and without
supplemental perches

When analyzing whether there were differences in the
usage of each position related to weather conditions,
there is an ample range of situations (Table 2). For
each functional group and the species with a relevant
number of perches (more than 10, in both pylons with
and without supplemental perches), the main differ-
ences were based on wind conditions, which tended
to be higher for perches on pylons with supplemen-
tal perches, and significantly higher for large eagles
(W=1782, p=0.0296), Circaetus gallicus (W=1168.5,
p-value =0.0145), medium-sized raptors (W=6174.5,
p=0.0158), Buteo buteo (W=5753.5, p=0.0364), small
raptors (W=1886.5, p=0.0066), and E tinnunculus
(W=514.5, p=0.0011). In all cases, the average tem-
perature was higher for perches in pylons without sup-
plemental perches compared to the perches on pylons
with supplemental perches, and significantly higher for
small raptors (W=3168, p=0.0163) and E tinnunculus
(W=1154.5, p=0.0129).

There were significative differences of use of B1 and
B2 locations between pylons with and without perch-
ing supplements (¢t=3.09, df=6, p=0.021). For this
analysis, as shown in Table 1, we used Large eagles,
Medium-sized raptors, Small raptors, Circaetus galli-
cus, Buteo buteo, Elanus caerulus and Falco tinnunculus
perches. As shown in Table 3, the results of the com-
peting models for explaining the number of perches on
each type of pylon showed that the whole model was
the best model to explain all the aspects, while there
was a relevant influence of the observation conditions.

Quantifying perch locations on pylons with supplemental
perches

Amongst the perches on pylons with supplemental
perches, the use of models showed us an important
specific effect in the selection of supplemental perches
where available: there are some species with a greater
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Table 2 Climatic parameters for species and functional groups with a relevant number of perches, for perches on pylons

with and without (noted as w/o) supplements

Temp. Humidity Wind Rainfall Hour
Large eagles w/o supplements 2446+£8.77 42.014+20.28 9.3+5.12 0.09+0.28 3.89+261
Large eagles with supplements 249247.70 46.6+£21.54 10.95+4.22 0.05+0.20 3711236
Circaetus gallicus w/o supplements 2593+ 7.86 39.65£19.53 8.83+4.62 0.06£0.16 410£262
Circaetus gallicus with supplements 25924729 445942131 11.09+4.10 0.05£0.21 381£242
Aquila adalberti w/o supplements 19.54+10.1 50£21.36 10.88+6.48 0.23+0.48 3164251
Aquila adalberti with supplements 13£4.58 63+11.53 6+2 0+0 2.88+1.69
Medium-sized raptors w/o supplements 20.78£8.18 546942124 10.08+7.36 0.03£0.11 348+1.92
Medium-sized raptors with supplements 19.75+6.73 554442309 11+5.04 0.09£0.35 3.65+£1.87
Buteo buteo w/o supplements 20.87 £841 544642173 10.28+7.47 0.04+£0.11 338+1.9
Buteo buteo with supplements 19.75+6.66 54.95+£22091 10.95+4.97 0.08+0.35 3.64+1.87
Small raptors w/o supplements 23.24+6.90 50.594+21.92 8.42+4.89 0.06+0.19 4.28+1.96
Small raptors with supplements 20.47 £7.65 51.23423.06 11.42+7.10 0.12+£0.36 3.78+2.18
Falco tinnunculus w/o supplements 23.26+6.24 48514£21.28 8.47+4.61 0.07+0.22 421+£207
Falco tinnunculus with supplements 19.91+6.80 525142173 12.58+7.22 0.19+£047 3.54+£221
Elanus caeruleus w/o supplements 2324821 54.65423.13 844552 0.0440.11 4424179
Elanus caeruleus with supplements 18.86+7.04 55.06£22.68 933+6.96 0.04+0.16 3.98+1.98

Italicized show normal distribution of both parameters and a t test

Bolditalics show significant differences

Table 3 Results of the competing models for comparing
perches on pylons with and without supplemental
perches, where AIC is akaike information criterion,
AAIC the difference with the most parsimonious model
and McFadden’s Pseudo R?

Model AIC AAIC Pseudo R?

Whole 377.30 0 60.20%

Observation condi- 412.88 3558 49.42%
tions

Land use 653.57 276.27 15.51%

Climatic 711.92 334.62 10.97%

Species 725.38 348.08 8.14%

Null 758.97 381.67 0

Table 4 Results of the competing models for comparing
perch locations on pylons with supplemental perches,
where AIC is akaike information criterion, AAIC
the difference with the most parsimonious model
and McFadden'’s Pseudo R?

Model AIC AAIC Pseudo R?
Climatic 29547 0 34.28%
Species 299.83 436 31.17%
Whole 30052 505 42.56%
Null 399.82 10435 0

Land use 403.81 108.34 2.02%
Observation condi-  407.63 112.16 458%

tions

tendency to perch on supplemental perches, even when
they use both pylons with and without supplemen-
tal perches (see Tables 1 and 4). There is also a strong
influence caused by climatic conditions.

Perceived electrocution risk on pylons with or without
supplemental perches

The results for the perceived risks for every species or
functional group with at least three perches on both
pylons with and without supplemental perches show that,
for most of the analyses, perceived risk was lower for
perches on pylons with supplemental perches compared
to those without them. Results are shown in Table 5.

The analysis of the frequency of juveniles and imma-
tures perching on supplemental perches compared to
the frequency of juveniles and immatures perching on
pylons with supplemental perches revealed no differ-
ences (W=5, p=0.4142). For this analysis, as shown in
Table 1, we used Circaetus gallicus, Aquila adalberti and
Aquila fasciata perches.

Discussion

Our results show that supplemental perches may be a
useful and efficient tool for mitigating raptor electrocu-
tion, but there are many factors influencing their use by
electric companies.
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Table 5 Average perceived risk for observed perchings on pylons with or without (noted as w/o0) supplemental perches
for every species or functional group with at least three perchings on pylons with and without supplemental perches;

also shown are results from the Wilcoxon test and p-values for those analyses

Group/species Risk w/o suppl. Risk with suppl. Wilcoxon test p-value
Small raptors 2718+ 1.068 1.905 4 1.933 W=1997 0016
Elanus caerulus 20540224 0.13940.593 W=29 3824e7 "
Falco tinnunculus 3.06+£1.167 3.171+£1.634 W=927 0.594
Medium-sized raptors 2.72£1.0885 2.036 £2.094 W=5751.5 0.001
Buteo buteo 2.72140.907 205342.108 W=5268 0.001
Large eagles 2.726£0.961 1.00441.87 W=829 1.837¢= !
Circaetus gallicus 266740952 0.7841.521 W=486 1325077
Aquila adalberti 341.033 133342309 W=12 0.156

Italics show significant differences

Comparing perching on pylons with and without
supplemental perches
Despite our results show a strong specific component,
there are also common aspects. For instance, all groups
and species of birds tend to perch on pylons with supple-
mental perches on windier and colder days. As perches
on pylons with supplemental perches tend to occur more
during midday, the use of these pylons could be related
to hunting behavior, with the use of pylons without sup-
plemental perches related to resting behavior, as well as
territoriality and temperature. Our study did not reveal
clear patterns, and thus more work is needed to disen-
tangle these differences. However, what is clear is that
supplemental perches must be carefully designed, given
that perchings on supplemental perches occur on wind-
ier days. This could also be related to their greater stabil-
ity and greater ease for supplemental perches compared
to trees. While the differences are not significant, aver-
age humidity was higher for perchings on supplemental
perches for every analyzed group and species. Materials
and shapes (especially grip characteristics, diameter and
section) should be assessed when designing supplemen-
tal perches (i.e. Dwyer et al. 2016a). A correct design is
essential for a long-lived structure (Dwyer et al. 2020).
The most parsimonious model for explaining the
use of pylons with or without supplemental perches
included observation conditions (year, season, district,
latitude, and longitude). This model was able to explain
a relevant amount of variability, and only the complete
model explained more. There may be a number of rea-
sons underlying this finding, but the absence of alterna-
tive perches could be key, as this partially explains the
habitat differences. This aspect might also be related with
the differential presence of supplemental perches in pro-
tected areas, where the proportion of pylons with sup-
plemental perches is over 88%, compared to the overall
51.9%. These aspects may also be partially represented in

the observation conditions (especially in the district and
coordinates), which can be also related to the protected
areas, as the proportion of observations considered
inside protected areas varies highly within districts (from
less than 0.5% in Portalegre district (2 out of 243 observa-
tions) to 75% in Beja (33 out of 44 observations)). On the
other hand, we might also find spatial differences under-
lying the absence or scarcity of perches of certain species
(i.e. Gyps fulvus or Aquila adalberti). These species were
mainly seen in the Castelo Branco district, which has a
low percentage of pylons with supplemental perches
(approximately 8%, according to our data). A more sys-
tematic survey could help disentangle these effects.

Quantifying perch locations on pylons with supplemental
perches

The use of models showed us an important specific effect
in the selection of supplemental perches where avail-
able: there are some species with a greater tendency to
perch on supplemental perches, even when they use
both pylons with and without supplemental perches.
While Circaetus gallicus and Elanus caerulus seem to
perch most often in these dominating positions, others
seldomly or never perch on supplemental perches, such
as Aquila fasciata and Falco tinnunculus. Those results
are aligned with the information shown in Table 1. This
could be related to a higher adaptability to variable cli-
matic conditions for migrating raptors (Blanco, pers.
com.). Raptors without a feathered tarsus probably have
a better thermoregulation system (Mosher and White
1978). There may also be coloration aspects at play, as
darker morphs present a lower reflectance and higher
temperature excess when irradiated than pale morphs
(Roulin 2004), and Circaetus gallicus and Elanus caerulus
are paler than Aquila fasciata or Falco tinnunculus. Thus,
the climatic and specific variables may be interrelated.
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This could explain the relatively low increase in explained
variability in the whole model, compared to the specific
and climatic models. However, there could also be terri-
torial aspects, which are discussed later.

There are many individual and specific factors affecting
the use of perches (Guil et al. 2015). Our results confirm
this tendency for species differences in the use of pylons
without and with supplemental perches, and amongst
these, the use of the supplemental perches instead of
the crossarm. This plays an important role in the varia-
tions of the perceived risks, and thus further research is
needed to validate these supplemental perches as an effi-
cient tool for a wide variety of diurnal raptors.

Perceived electrocution risk on pylons with or without
supplemental perches

The use of this conservation measure for a broad group
of species (diurnal raptors in this case) may benefit some
species and be ineffective for others. In some cases,
electrocution risk may increase, as shown in Table 5 for
Falco tinnunculus. Despite it is a very small species and
perceived risks are very low, this should be taken into
account as a potential drawback for other species in other
situations. Nonetheless, all of the detected risks remain
low (less than 2.5 out of 10 in all cases), and especially
in some cases such as Elanus caerulus. For most of the
birds and functional groups, the perceived risk tends to
decline. However, we must be cautious when interpret-
ing these results, as this study only gathered perceived
risks, assigned to the observed perching birds, and there
are evident limitations, as we had no separated data for
holder and anchor pylons. In most of the studies this kind
of pylons shows higher electrocution rates than holder
ones (Guil et al. 2011).

While we were not able to detect significant differ-
ences when comparing frequency of use of supplemental
perches to the use of pylons with supplemental perches
for immature individuals, the data shown in Table 1 indi-
cates that juveniles of Aquila adalberti and A. fasciata
do not perch on supplemental perches. It is possible that
adult individuals tend to perch on higher, visible perch-
ings, partly to be more visible, as a territorial remark
(Mahafty and Frenzal 1987; Turrin and Watts 2014). A
complementary explanation, based on experience, could
be related to supplemental perches being less stable than
the crossarm. This could partially explain why immature
age-classes are amongst the most vulnerable to elec-
trocution (Real et al. 2001; Gonzélez et al. 2007). Some
changes in the design (materials and dimensions) to
make the supplemental perch more stable and, especially,
a more suitable perching area in Pos 1 might increase the
efficacy of this measure for certain species. A horizontal
bar in this position might be useful.
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More research should be carried out to confirm these
elements as a valid mitigation tool, especially related to
juveniles. We propose a two-step validation process. The
first step should take place in controlled conditions with
different species and functional groups, using the ele-
ments of real crossarms (Dwyer et al. 2016a; Guil et al.
2015). This first step could indicate if there are target spe-
cies rejecting these elements, as occurred here with Gyps
fulvus. The observed behavior of this species, as well as
other heavy species such as Aegypius monachus, could be
related to the design of perches, as they are relatively long
and unstable. Thus, they are probably rejected as perch-
ing sites despite the considerations of spatial effects. The
second, more relevant, step should involve a field survey
(as in Dixon et al. 2018 and preferably, with camera traps,
as in Dwyer and Doloughan 2014). The design of these
studies should consider especially the migrating species,
as migrating periods show higher mortality rates (Klas-
sen et al. 2014).

The efficacy of diverters and supplemental perches as a
mitigation tool has been widely discussed (Harness and
Garret 1999; Janss and Ferrer 1999; Dwyer et al. 2016b;
Dixon et al. 2018), but most studies have only focused
on the presence of mortality. The effect seems to vary
greatly between studies, some of them reporting even
higher electrocution rates than on not-retrofitted poles
(Pérez-Garcia et al. 2019). We have detected many fac-
tors conditioning the use of supplemental perches. There
may also be many factors influencing perching deterrents
efficiency. Thus, the goal should be to establish a com-
mon protocol for evaluating mitigating efficacy, consid-
ering the proposed two-step procedure. This may help
to disentangle the factors determining successful meas-
ures, and to increase coordination between studies. This
should also reduce the cost of implementation of efficient
measures, and even reduce local extinctions of birds that
use these types of structures.

Conclusions

Our work suggests, in line with previous studies (Janss
and Ferrer 1999; Dixon et al. 2019), that supplemental
perches reduce electrocution risk. However, the results
are not homogeneous among species. In addition, some
of the species that seem to reject their use are highly
affected by electrocution (Real et al. 2001). If tempera-
ture is a factor in limiting the use of pylon supplemental
perches, as our results suggest, the use of supplemental
perches as a generic measure in warm areas could be
ineffective for a wide range of species. With the increase
in temperatures as a result of climate change (Trigo and
Palutikof 1999), this measure could become ineffective
for many species in the study area.
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In the case of the Spanish Imperial Eagle, it has been
shown that electrocution mortality has a greater impact
on the non-breeding population compared to the repro-
ductive (territorial) individuals (Gonzdlez et al. 2007).
The supplement designs analyzed in this study would
be more effective in breeding areas where there is a risk
of mortality for breeding individuals. It would be use-
ful to design supplemental perches that are accepted by
both breeding and juvenile (non-breeding) birds.

There are many factors conditioning the use of sup-
plemental perches. Thus, the goal should be to establish
a common protocol for evaluating the mitigating effi-
cacy as a practical solution for diverse species.
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