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Summary
B ev a n g er , K., 0 .  B a kke  & S. E n g en  (1994): Corpse revomal experiments with Willow Ptarmigan (Lag
opus lagopus). Ecol. Birds 16: 597-607.
Assessing the number of birds killed by striking power lines is complicated by the fact that the corpses 
are removed by scavengers. In this paper the collision of birds against power lines and the removal of the 
corpses by scavengers are modelled. Based on the model, a method for assessing the number of casual
ties on a given power-line section during a certain period is presented.
The observer patrols the power-line section every few days (not necessarily at regular intervals) count
ing and removing new victims. During the patrols, dead birds are occasionally placed along the power
line section so that the amount of scavenging of these artificial victims can also be observed. Since the 
precise time each of the artificial victims was placed is known, information about the rate at which sca
vengers remove the corpses is obtained.
The method is illustrated by two sets of experiments on power-line sections in Central Norway and 
Southern Norway, respectively.

Zusammenfassung
B e v a n g er , K., 0 .  B a kke  & S. E n g en  (1994): Experimente zur natürlichen Kadaver-Beseitigung entlang 
Hochspannungsleitungen mit Moorschneehühnern (Lagopus lagopus). Ökol. Vögel 16: 597-607.
Die Einschätzung der Zahl der durch Kollision an Stromleitungen getöteten Vögel wird erschwert 
durch die Tatsache, daß die Kadaver durch aasverwertende Organismen (Mikroorganismen, Inverte
braten und Vertebraten) beseitigt werden. In dieser Untersuchung wird ein Modell für diese Beseitigung 
durch Leitungsanflug getöteter Vögel entlang Hochspannungsleitungen entwickelt. Gestützt auf das 
Modell wird eine Methode vorgestellt, die Zahl der Vogelverluste entlang eines bestimmten Abschnittes 
einer Hochspannungsleitung für eine bestimmte Periode abzuschätzen.
Der Beobachter kontrolliert den Leitungsabschnitt im Abstand einiger Tage (in nicht unbedingt regel
mäßigen Intervallen), zählt und entfernt dabei die Leitungsopfer. Während dieser Kontrollgänge
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werden tote Vögel wie zufällig entlang dieses Leitungsabschnittes ausgelegt. Dadurch kann die Zahl der 
beseitigten »künstlichen« Leitungsopfer ermittelt werden. Da für die ausgelegten toten Vögel Zahl und 
Zeit der Auslegung exakt bekannt ist, können Informationen zur Beseitigungsrate durch Aasverwerter 
erhalten werden.
Die Methode wird anhand zweier Experimentfolgen an Hochspannungsleitungsabschnitten in Zentral- 
und Südnorwegen erläutert.

1. Introduction

Despite having generally good vision, birds frequently collide against man-made 
constructions, like power lines. To judge the biological significance of wire-strike 
accidents (see, e.g., F a a n es  1987), estimates of the number of casualties, locally or 
regionally, are imperative.
Counting dead birds in the clear-felled area along the power lines is a method fre
quently used to obtain data on this mortality factor. The observer (together with a 
dog) walks at intervals in the clear-felled corridor beneath the overhead wires, 
picking up and counting the corpses or the remains of corpses. Because the remains 
will eventually be removed by scavengers, the number of casualties may be greater 
than the number of victims actually found.
The speed at which carcasses of collision victims are removed by the activity of 
microorganisms, invertebrates and vertebrates is influenced by several factors, e.g. 
habitat, scavenger activity and season (see, e.g., P u tm a n  1983, who used small 
mammal corpses to study the overall removal rate). Experiments to try to determine 
the removal rates of collision victims have been carried out using e.g. House Spar
rows (Passer domesticus) (D o b in so n  &  R ic h a r d s  1964; S c o t t , R o be r ts  &  C a d bu ry  
1972), Starlings (Sturnus vulgaris) (H e ijn is  1980), ducks and gulls (B e a u la u r ie r  
1981) and chickens (Gallus spp.) (L o n g r id g e  1986). In connection with two studies 
— one in coniferous forest in Central Norway and one in northern boreal birch forest 
in Southern Norway — to obtain data on collision frequencies involving small spe
cies of game birds, experiments were carried out to get information about the local 
removal rate of the wire-strike victims in an attempt to improve the quantitative esti
mates of the number of collision victims.
A mathematical model for collision and removal of birds is proposed in this paper. 
Based on the number of birds actually found during patrols, the model provides an 
estimate of the number of birds killed in collissions. The model takes into account 
the scavenging of collision victims and permits the patrols to be undertaken at irre
gular intervals, although longer intervals decrease the accuracy of the estimates of 
the collision rate.
The overall mortality and its possible effects on the populations of the tetraonid 
species in question are discussed in another paper (B ev a n g er  in prep.).

2. Materials and methods
Two sets of experiments were carried out (Table 1). The first was,on sections of 66,72 and 132 kV power 
lines in Central Norwegian boreal forest, in areas 5-10 km from cultivated land in a mixture of coniferous 
and deciduous forest where the power-line corridors cross bogs and some low alpine habitats 
(Bevanger 1988). The second was carried out in a mountain valley in Southern Norway on sections of 
22, 66 and 300 kV power lines in northern boreal birch forest (Bevanger & Sandaker 1993).



Table 1. Data from experiments carried out to examine the removal rate of wire-struck birds in transmis
sion line corridors.

Experiment
no. Location Date when 

first placed
Number of 
birds placed

Date when 
first patrolled

1 Central Norway 13/01/87 20 08/11/84
2 Central Norway 16/03/87 13 27/02/85
3 Southern Norway 03/10/89 8 03/10/89
4 Southern Norway 28/11/89 10 23/11/89
5 Southern Norway 13/03/90 12 26/02/90

Each experiment consisted of two parts: (1) the placing and monitoring of dead Willow Ptarmigan serv
ing as artificial wire-strike victims, in order to obtain information about the removal rate due to scaveng
ing, and (2) patrols at (not necessarily regular) intervals to count and remove new victims since the last 
patrol. A placed bird was defined as having been taken by a scavenger when it disappeared or was 
reduced to minor remains of feathers, that is, when the remains were so scanty that they would not have 
been interpreted as remains of a collision victim during patrols. In the first patrol of each experiment all 
corpses were removed from the power-line corridor, and in the subsequent patrols new casualties were 
counted and removed.
The first experiment set comprises two experiments (nos. 1 and 2). In the first experiment, two power
line sections with a total length of 5.6 km were studied and in the second a 3.2 km section was studied. 
(The first sections belong to power lines nos. 4 and 7 and the third belongs to no. 4, referring to 
B eva n g er  1988). In both experiments all the corpses were placed on the same day along the entire 
power-line section used for the experiment, placing a bird between one pylon and the next at each 
second or third pylon, beneath the overhead lines or a few metres to the side of them. As the distances 
between the pylons vary, the distances between the birds varied, with a mean distance of 280 m between 
the corpses for experiment no. 1 and 245 m for experiment no. 2. The removal of the corpses was 
recorded during the following days (Table 2). In experiment no. 1, the corpses were monitored for only 
10 days due to heavy snowfall.
The patrols for collision victims in experiments nos. 1 and 2 actually started about two years before the 
removal part of the experiments as part of a systematic patrolling programme for selected power-line 
sections in Central Norway (B ev a n g er  1988). The removal part of the two experiments was done on the 
same sections or on sections located close to the patrolled sections, and at the same time of year. 
The second experiment set was designed differently, as both parts of the experiment (placing of corpses 
and patrols for wire-strike victims) were performed simultaneously. The birds were placed randomly 
(judged subjectively) along the power-line sections, at irregular intervals and at most one on each patrol. 
There was full snow cover during the whole experiment period and only Willow Ptarmigan in white 
winter plumage were used. The three power-line sections patrolled are located in a narrow (about 1 km 
broad) valley system. The 66 and 300 kV sections patrolled (2.5 and 5 km) are parallel (150-300 m apart) 
on one side of the valley while the 22 kV section patrolled (2.5 km) is located on the other side of the 
valley (cf. B ev a n g er  &  S a n d a k er  1993).



3. The model

We assume that for a given power-line section and a time interval between two con
secutive patrols, the number of birds striking the wires of the line is Poisson distri
buted with parameter X. Further, we assume that the “lying time” T ot a dead bird is 
Weibull distributed with parameters a , (3 > 0 ,  that is, the probability of the “lying 
time” being longer than t is e~a .We assume that a  and P are constant for each exper
iment. The Weibull distribution is commonly used in survival analysis (see, e. g., 
K a l b fl e isc h  & P r e n t ic e  1980). We want to estimate the parameters a  and P for 
each experiment. On the basis of these parameters, which contain information 
about the removal rate and the number of corpses actually found, the collision rate X 
may be estimated.

3.1 E stim atio n  o f a  and P in the W eibull d is tr ib u tio n

The parameters a  and P of the Weibull distribution were estimated for each of the 
five experiments by maximum likelihood. Let n denote the number of birds placed. 
For each bird, say bird no. i, two points of time since the placing were recorded; the 
last time the bird was still observed, tiy and the first time it was not seen any more, t\. 
Let F  (t) =  e“ ai for each t > 0 .  The probability that a bird is removed in the time 
interval from tt to t' i since it was placed is then F(t'j)—F (t). We can estimate a  and P 
by maximizing the likelihood function L  given by

L (a , P ) -  fti =  1
which can be done numerically.

3.2 E stim atio n  o f X in the P o isso n  d is tr ib u tio n

Suppose that x birds are found during a patrol and that time Thas elapsed since the 
last patrol. We would like to have an estimate of the parameter X of the Poisson dis
tribution from which we imagine the number of wire-strike victims is drawn.
We denote by p the probability that a bird killed by collision in the time interval 
(of lenght 7) between the current patrol and the last, is still present. Then the num
ber of such birds is Poisson distributed with parameter Xp (see, e.g., K e n d a l l , 
S t u a r t  & O rd  1987), and the maximum likelihood estimate of X turns out to be x/p.

It only remains to find py which by the law of total probability is p =  t \o e dt, 
which evaluates to Y(M5, «(At,) P)

P oc^pAi; ’

where y is the incomplete gamma function defined by y (a , x) =  Jg e~H^~xdt



3.3 P red ic tio n  o f the num ber o f c o llis io n  v ictim s

If the number of wire-strike victims in a period is drawn from a Poisson distribution 
with parameter X, then the expectation of this number is X. Therefore x/p is not only 
an estimate of X, but also a prediction (in the statistical sense, or an “estimate”) of the 
number of wire-strike victims since the last patrol, and this is the main interest we 
have in x/p.

3.4 E stim atio n  o f the u n certa in ty  o f the p red icted  number

Assuming the model is right, there are two sources of error in the prediction: (1) 
uncertainty of the estimates of a  and (5 (needed to find the probability p of finding a 
wire-strike victim) in the Weibull distribution, and (2) uncertainty of the prediction 
x/p of the number of victims, even assuming p is given.
To find a measure for the first uncertainty, due to the uncertainty of the estimation of 
a  and P, the following is done: 1000 bootstrap samples of placed birds are drawn, 
each made by drawing n samples with replacement from the set {{th t '¿J}1- = } of obser
vations. From the jth. sample, estimates of a  and (J are obtained as described before, 
p can be calculated, and a prediction yj= x/p of the number of victims is obtained, 
; = 1 ,2, . . . ,  1000. An estimate of the variance of the predictor due to the uncertainty 
of oc and P is thus

1 1000

9k z f y —y)2*
where y =iofe S  P?yp

Since the a  and (3 estimates are common to the whole experiment, the same set of 
1000 bootstrap estimates of a  and P can be used for each of the patrols in the experi
ment.
A measure of the second uncertainty is given by the variance of the conditional dis
tribution of the actual number of victims given the number found. Assuming p is 
non-stochastic,

can be shown to be an estimate of this variance.
An estimate of the total standard deviation of the predictor is then

v  ! O r » *  +  (¿--i)- .

3.5 Pred ic t ion  for  the whole  exper im en tal  pe r iod

As described in the previous two subsections, for each interval between two patrols 
the number of casualties can be predicted and the uncertainty of the prediction can 
be estimated. Lets 5 denote the number of patrols (except the first one, which does



not provide any information because nothing is known about when the collisions 
happened) in an experiment. Denote by zk the prediction of the number of causalties 
between the k —1st and the £th patrol (letting the first one be no. 0), k =  1,2, . . . ,  s. 
Then a prediction of the number of collision casualties for the whole experimental 
period is

¿ z k.
k - l

Each of the 1000 bootstrap samples also gives an estimate u- of the total number of 
casualties, j =  1,2, . . . ,  1000. In the same way as in the previous subsection, we take

V
i  1000 S ( 1  \

s  ( * r » ) a + £  I k “ 1' * ’

as an estimate of the standard deviation of the predictor, where pk is the probability 
(given the estimated a  and P) that a victim from the &th period is seen.
If the interval between two patrols is longer than the 95% percentile of the Weibull 
distribution, that is, the probability of a bird colliding at the beginning of the period 
still being there on the next patrol is less than 0.05, we have chosen to disregard the 
period in question, so that the predicted number of casualties for the whole experi
mental period ignores any collisions that might have happened during such periods.

4. Results
4.1 Removal  of  p laced corp se s

The results of the part of the experiments that consisted of placing dead birds (Table 
2) were used to estimate the parameters a  and (3 of the distribution of the lying time 
of the corpses, and also to provide an estimate of the expectation value of this distri
bution (Table 3). A comparison of the removal data for experiments nos. 1 and 2 and 
the data predicted by the model is shown in Figure 1 (a similar comparison for 
experiments nos. 3,4, and 5 could not easily have been done because of the different 
methodology used in those experiments).

Table 2. Removal data for the experiments. A pair of numbers is given for each bird placed. The first num
ber is the last time (in days) the bird placed was still observed; the second is the first time (in days) it was 
no longer to be seen. If several birds have the same observations, then the number of such birds is shown 
before the pair of numbers.

Experiment
no.

Number of 
birds Observations (see caption)

1 20 (2, 3), 2 (3, 6), 2 (7, 8), 2 (9, 10), 13 (10, oo)
2 13 5 (1, 3), 4 (3, 6), 2 (6, 7), 2 (7,10)
3 8 (0, 4), 3 (0, 5), (0, 6), (6, 10), (9, 14), (10, 15)
4 10 2 (0, 5), (0, 6), (0, 8), (5,10), (5, 11), (10, 12), (10,15), (22, 27), (24, 29)
5 12 3 (0, 5), 5 (0, 6), 2 (0, 7), (10, 16), (16, 22)



Table 3. Estimates of the Weibull distribution parameters.

Experiment
no.

a  estimate 
(day_|!)

p
estimate

Estimated expected 
lying time (days)

95% percentile of Wei
bull distribution (days)

1 0.0032 2.13 13.2 25.0
2 0.035 2.08 4.4 8.5
3 0.14 1.16 5.3 14.4
4 0.066 1.15 10.1 27.4
5 0.67 0.53 3.8 16.7

The results show that even a large bird such as the Willow Ptarmigan was removed 
rather fast by scavengers. There were, however, seasonal differences. The midwinter 
experiments (nos. 1 and 4), with severe cold, snow and a rather low scavenger acti
vity, indicate that corpses remain untouched for a longer period than in the spring or 
autumn (see Estimated expected lying time in Table 3), when the scavenger activity is 
more intense.

Percentage of remaining birds

Experiment no. 1 Experiment no. 1 Experiment no. 2 Experiment no. 2 
Experimental data Model predictions Experimental data Model predictions 

■ ------  *  ........

Figure 1. Comparison of removal data for experiments 1 and 2 and the data predicted by the model.



In experiment no. 1 (January), some footprints associated with faeces remains indi
cated that the Red Fox (Vulpes vulpes) and the Raven (Corvus corax) were the two 
most important scavengers (at least two certain cases of both were recorded). In 
experiment no. 2 (March), the Red Fox, the Pine Marten (Martes martes), and espe
cially scavenging birds (mostly the Raven and the Hooded Crow (Corvus corone cor- 
nix) seemed to have been the most frequent scavengers (footprints and excrement). 
In the second experiment set (experiments nos. 3,4 and 5), the most important sca
venging species was the Red Fox, tracks of which could be seen during the whole 
experiment period. Also two Golden Eagles (Aquila chrysaetos) (probably a pair) 
stayed in the valley the whole winter and one of the Golden Eagles was actually 
observed taking one of the experiment objects. Tracks of the Stoat (Mustela erminea) 
were also observed several times at spots where birds had been placed. The Common 
Shrew (Sorex araneus) was also observed to eat remains of placed birds. Altogether 
the corvids played a less important scavenging role in this mountain area, but Ravens 
were observed in the vicinity of the power lines a couple of times.

4.2 Patrols  for  wire-str ike  vict ims

The numbers of wire-strike victims found during patrols are probably less than the 
true numbers of victims, due to corpse removal by scavengers. Predictions (esti
mates) of these true numbers were obtained by utilizing the removal data of the 
placed corpses as described in Section 3. The details are shown in Tables 4 and 5 for 
experiments nos. 1 and 2, respectively, and a summary for all the experiments is in 
Table 6.

Table 4. Number of wire-strike victims found and estimated actual number of victims in experiment 
no. 1. All corpses were removed on November 8 1984, and the first ordinary patrol was made on Decem
ber 3, which is the first entry in the table. The predictions and uncertainties in the table are explained in 
The model An asterisk in the table denotes that the corresponding period is disregarded due to its length 
(see The model).

Days since 
last patrol

Number of 
corpses found

Probability (p) 
of finding corpse

Predicted number 
of corpses found

25 0 0.52 *
2 3 1.00 3.0 ±  0.1

29 2 0.45 *

4 0 0.98 0.0 ±  0.0
9 0 0.90 0.0 ±  0.0
2 1 1.00 1.0 ±  0.1

11 0 0.86 0.0 +  0.0
2 0 1.00 0.0 ±  0.0

25 0 0.52
2 0 1.00 0.0 ±  0.0



Table 5. Number of wire-strike victims found and estimated actual number of victims in experiment no. 
2. All corpses were removed on February 27 1985, and the first ordinary patrol was made on March 13, 
which is the first entry in the table. The predictions and uncertainties in the table are explained in The 
model An asterisk in the table denotes that the corresponding period is disregarded due to its length (see 
The model).

Days since 
last patrol

Number of 
corpses found

Probability (p) 
of finding corpse

Predicted number 
of corpses found

14 1 0.32 *
12 1 0.37
2 0 0.95 0.0 ±  0.0

14 1 0.32 *

6 2 0.68 3.0 ±  1.2
13 0 0.34
2 0 0..95 0.0 ±  0.0
2 2 0.95 2.1 ±  0.3
3 1 0.90 1.1 ±  0.4
2 2 0.95 2.1 ±  0.3
2 1 0.95 1.0 ±  0.2
3 0 0.90 0.0 ±  0.0
2 0 0.95 0.0 ±  0.0
8 0 0.54 0.0 ±  0.0
4 1 0.83 1.2 ±  0.5
2 0 0.95 0.0 ±  0.0
2 0 0.95 0.0 +  0.0

Table 6. Summary of patrols. “Short”periods are periods that are shorter than the 95% percentile of the 
Weibull distribution of the experiment (see The model and Table 3).

All periods___________ _________________“Short” periods
péri
ment
no.

No.
of

patrols

Dura
tion

(days)

No. of 
corpses 
found

No.
of

patrols

Dura
tion

(days)

No. of 
corpses 
found

Predicted no. 
of corpses 

found

1 10 110 6 7 32 4 4 .0 +  0.1
2 17 93 12 13 40 9 10 .5+  1.4
3 10 51 3 10 51 3 4 .2 +  2.1
4 19 95 3 19 95 3 3 .6 +  1.0
5 9 51 10 9 51 10 27.9 ±  17.4



5. Discussion

Although some authors have experienced scavengers as a minor source of bias when 
total wire-strike losses are calculated (e.g., Rusz et al. 1986) and others have found the 
problem to vary greatly between adjacent localities (e.g., M ey er  1978; F a a n es 1987), 
most removal experiments show a rather fast turnover which should be compen
sated for (H o e r sc h e lm a n n , H aa ck  8c W o h lg em u t h  1988). In our opinion, the pro
posed model is a useful tool for making these types of estimates more reliable. The 
most precise estimates of numbers of wire-strike casualties are achived when the 
conditions when placing corpses are similar to the conditions when patrolling. 
Overall, it seems important to estimate the “local removal rate” through these types 
of experiments when patrols are made in order to obtain estimates of small game 
losses through collisions. As the removal rate obviously varies through the year and 
also between years, the removal rate parameters a  and P should be estimated 
according to the specific research area and time. In long-term patrolling for collision 
victims it is possible to combine the recording with removal experiments, as was 
done in the Southern Norwegian experiments, thus reducing the experimental costs 
at the same time as more precise estimates of the removal rate parameters are 
obtained.
Another advantage in performing the removal experiments and patrol simultane
ously is the possibility for spreading the placing of corpses. The artifically low spa
cing of corpses during the Central Norwegian experiments obviously creates an 
interpretation problem. The density of corpses was far greater than was ever found 
during the patrols. The chance of finding the “neighbouring birds” may not be the 
same as the chance of finding the first bird. When estimating the removal rate para
meters a  and P, the assumption that the removal of one bird is independent of the 
removal of another is made. If the removal rate parameters are estimated on the basis 
of very closely spaced baits, as in the Central Norwegian experiments, and assuming 
that neighbouring birds to those scavenged have a greater chance of being discovered 
than more distant birds, the estimated removal rate will be too high. The collision 
rate prediction will accordingly be too high.
On the other hand, scavengers, such as the Red Fox, may be shy of baits. This factor 
biases the estimate of removal rate parameters in the opposite direction so that the 
observed turnover may be less than under natural conditions, and this contributes to 
making the collision rate prediction low. Red Fox footprints were sometimes 
observed close to an untouched corpse, especially the first and second night after a 
bird was placed (Central Norway). However, on the third night (or later), the Red 
Fox took the bird and removed it, not eating it on the spot. Generally there were 
some difficulties in determining the predator species by the presence of footprints 
because of the snow conditions in the experiment areas (either very hard due to the 
wind or very loose). In some cases in Central Norway both the Raven and the 
Hooded Crow were seen sitting near the bird corpses.



An interesting question, which should be investigated, is whether wire-strike vic
tims in these experiment areas with a generally sparse bird fauna during the winter 
can support a higher population of scavenging and predatory species than the area 
would otherwise be able to feed. A Capercaille of about 5 kg represents an important 
piece of food under midwinter conditions for any of the scavenging species present 
in the Central Norwegian experiment area.
A House Sparrow removal experiment beneath a power line with control some 
distance away (S c o t t  et al. 1972) showed a slower turnover for the control birds, i.e. 
the scavengers concentrated their searching activities on areas with optimum food 
conditions (cf. C r o ze  1970). Experiments using Starlings (H e ijn is  1980) showed a 
similarly rapid turnover as 74% of the birds were removed within 24 hours, which 
was a turnover 4-5 times that observed outside the power-line corridor.
In Norway it es commonly claimed — especially by hunters — that the Red Fox 
patrols beneath overhead transmission and telegraph lines in order to find bird 
corpses. During our investigations, tracks of the Red Fox were observed continu
ously and regularly for several kilometres along some of the power-lines sections, 
especially during the Southern Norwegian patrols.

We are grateful to T o re  S la g sv o ld  for valuable comments on the manuscript and T e r je  D a le n  and 
O dd  S a n d a k er  for carrying out an excellent job under harsh field conditions. We are also indebted to 
R ich a r d  B inn s for improving the English.
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