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and Conservation Biology, Univ. of Maine, Orono, ME, USA. – J. S. Sedinger, Dept of Natural Resources and Environmental Science, Univ. 
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Radio-transmitters are used widely in wildlife research because they allow researchers to track individual animals and 
monitor their activity. However, to provide unbiased information about a population, transmitters must be deployed 
on a representative sample of animals and must not alter the behavior of the individuals. The greater sage-grouse 
Centrocercus urophasianus has been studied intensively using radio-transmitters for the last several decades. A previous 
study demonstrated that males fitted with necklace-style radio-transmitters could be less likely to attend breeding grounds 
than those without transmitters. However, how transmitters affect the behavior of males that do attend leks has not been 
investigated. Therefore, we investigated whether radio-transmitters alter the characteristics of strut vocalizations or display 
frequency of male sage-grouse. We measured time and frequency characteristics of vocalizations from six collared and seven 
non-collared adult male sage-grouse on three leks in south-central Idaho, and for two collared and four non-collared males 
from two leks in northern Nevada. Only one vocalization characteristic (maximum frequency of the primary whistle) 
differed between collared and non-collared males across both populations. Collared males showed a lower maximum 
frequency of the primary whistle that typically fell outside the range of variation for non-collared males. This was the only 
difference found in the sample from Nevada, while in Idaho, collared males also exhibited a narrower bandwidth for the 
primary whistle (lower maximum frequency and higher minimum frequency), a shorter primary whistle, and a shorter 
secondary coo than non-collared males. Some acoustic characteristics of sage-grouse strut vocalizations are linked to mate 
choice by females, and therefore our results suggest that collars could reduce male mating success by altering the production 
of breeding vocalizations. Therefore, we recommend using alternative attachment techniques for behavioral studies of male 
sage-grouse.

Radio transmitters are commonly used in wildlife studies, 
allowing researchers to track individual animals and remotely 
monitor activities. One fundamental assumption of telem-
etry is that radio-transmitters do not influence behavior 
or demographics of marked individuals (Millspaugh et al. 
2012). It is important to test this assumption, as a number of 
studies on various taxa have documented negative effects of 
transmitters on survival (Theuerkauf et al. 2007, Venturato 
et al. 2009, Fabian et al. 2015), but other studies have 
documented no difference in survival between individuals 
wearing radio-transmitters and those without transmitters 
(Hagen et al. 2006). However, comparatively few studies 
have evaluated whether transmitters cause behavioral 

changes. Transmitters have been associated with detrimental 
effects on energetics and activity budgets (Godfrey and 
Bryant 2003, Zenzal et al. 2014, but see also Sedinger et al. 
1990), weight loss (Irvine et al. 2007), reproduction (Ward 
and Flint 1995), and lek behavior (Gibson et al. 2013). Some 
radio-transmitters may cause irritation or calluses that alter 
behavior of individuals (Irvine et al. 2007). In some cases, 
the specific cause of disruption could be traced to the weight 
of the transmitter, position of the antenna, or attachment 
method, thus allowing for improvement of future telemetry 
studies if the problem can be overcome (Millspaugh et al. 
2012). Understanding the impacts of monitoring techniques 
is important when studying sensitive species, as negative 
impacts on behavior may compound population level 
declines.

The greater sage-grouse Centrocercus urophasianus (hereafter, 
sage-grouse) is a species of concern throughout western  
North America due to long-term population declines 
(Aldridge et al. 2008, Garton et al. 2011, 2015) and 
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range contractions (Schroeder et al. 2004). The conserva-
tion concern for sage-grouse has spurred a large number 
of demographic and habitat-use studies involving radio-
collared birds across the western United States and Canada. 
Despite widespread use of radio-telemetry, there are few 
studies evaluating impacts of transmitters on sage-grouse. 
Initially, Pyrah (1970) expressed concern over the use of col-
lar “poncho-markers” on males because their design inter-
fered with the breeding displays of birds (also see Amstrup 
1980). Although poncho-markers are not the same as mod-
ern transmitters, the attachment method (collar around the 
neck) is similar to current ‘necklace-style’ designs (Fig. 1). 
Later research suggested that modern necklace-style radio-
transmitters (hereafter, collars) were not detrimental to 

female survival (Caizergues and Ellison 1998). Recent work 
has shown that radio-collars did not impact the flush order 
of sage-grouse (Frye et al. 2014), suggesting that necklace-
style transmitters may not significantly affect some preda-
tor-escape behaviors. However, necklaces were reported to 
decrease lek attendance by males and sightability at leks 
(Gibson et al. 2013). Other studies have documented males 
with necklaces displaying at leks (Baumgardt 2011, Fremgen 
et al. 2016), although these studies did not compare atten-
dance rates or other measures of behavior between collared 
and non-collared birds.

We evaluated the effects of collars on the strut vocaliza-
tions of male sage-grouse on leks. During the spring breeding 
season, male and female sage-grouse gather on leks, where 
males perform strut displays and females assess male displays 
to choose a mate (Patterson 1952, Wiley 1973). The strut 
rate and acoustic quality of the strut display has been linked 
to mating success of males (Gibson and Bradbury 1985, 
Gibson et al. 1991, Gibson 1996, Patricelli and Krakauer 
2010). There are multiple mechanisms by which collars 
may interfere with male strutting behaviors. Male strutting 
includes rapid inflation and movement of an esophageal air 
sac (Dantzker et al. 1999, Krakauer et al. 2009), which may 
be constricted by radio-collars. Male display movements are 
integrally linked to sound production (Koch et al. 2015), 
which may be altered by radio-collars. The male strut dis-
play is also energetically costly (Vehrencamp et al. 1989) and 
the added weight or stress associated with a radio-collar may 
result in increased energy expenditure and altered activity 
budgets. These impacts may, in turn, influence courtship 
behavior and mating success. Given the movement-intensive 
display performed by male sage-grouse during courtship, 
we tested the possibility that radio-collars placed near the 
esophageal air sac could interfere with the acoustic properties 
of the strut display of males. We compared the vocalizations 
of male sage-grouse from Idaho (n  6) and Nevada (n  2) 
fitted with collars to control males (Idaho n  7, Nevada 
n  4) from the same leks on the same days to determine 
whether radio-collars affect strut vocalizations of males on 
the lek. We also qualitatively compared the range of values 
for collared males against values obtained from non-collared 
males in other studies that represent the geographic distribu-
tion of sage-grouse.

Methods

Nineteen adult male sage-grouse were fitted with radio-
collars in Cassia County, Idaho (42°9′N, 113°24′W) in 
the spring of 2013, and 23 adult males in Eureka County, 
Nevada (40°15′N, 116°30′W) were fitted with radio-collars 
in spring 2011 or earlier. Collars used in Idaho were standard 
17-g very high frequency (VHF) transmitters designed for 
use with grouse (Advanced Telemetry Systems (ATS), Isanti, 
MN). Collars used in Nevada were 22-g radio collars (ATS, 
Isanti, MN). All birds were handled using standard capture 
and marking practices (Geisen et al. 1982, Wakkinen et al. 
1992). Vocalizations were recorded in Idaho from six radio-
collared males that were observed strutting on leks, and 
seven non-collared males, on six different days on three leks 
between 24 March and 14 April 2014, after males had been 

Figure 1. A modern necklace-style radio-transmitter (collar 
indicated with arrows) fitted on a displaying male greater sage-
grouse Centrocercus urophasianus from southern Idaho, spring 
2014. Collars were designed for grouse and weighed 17 g. Photos 
by Natasha Wiggins.
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allowed to adjust to their transmitter for approximately one 
year. Vocalizations were also recorded in Nevada from two 
collared males and four non-collared males on two different 
leks on 29 April 2012, 22 April 2013 and 5 May 2013. All 
collared birds were adult males, as verified by examination of 
the plumage during capture the previous year. Non-collared 
and collared males were recorded on the same day, within 
several minutes of one another, on the same lek. Separate 
leks were visited on different days in Idaho and Nevada. 
We recorded vocalizations for several minutes for each focal 
bird, which provided an average  standard deviation of 
8.9  4.8 vocalizations to analyze per male for Idaho and 
Nevada birds. At the Idaho leks, audio was recorded from a 
blind 30–50 m from the edge of the lek, and at the Nevada 
leks audio was recorded from the window of a vehicle parked 
approximately 35 m away from displaying birds. In Nevada, 
distances were measured using a range-finder, and in Idaho 
distances were estimated using a 10  10 m grid of wooden 
stakes. At all leks, we recorded vocalizations from males 
that were within an estimated 15 m of one another, so that 
males were similar distances from the microphone. We used 
a Marantz PMD670 portable audio recorder (16 bit, 48 
KHz linear PCM), with Sennheiser microphone (K6 with 
omnidirectional ME62 capsule) and a 22-inch Telinga Pro 
parabola. For Nevada leks, the identity of strutting males was 
determined by the observer (DG) and noted on the audio 
file. For Idaho leks, vocalizations were assigned to the focal 
male by comparing the timing of struts observed on videos 
of male lek behavior that were paired with audio record-
ings of the same bird. For Idaho leks, video recordings were 
used to calculate strut rates and to verify that there were no 
obstructions (e.g. sagebrush, rocks) between the recording 
equipment and the recorded grouse that may have blocked 
sound transmission. Capture, collaring and lek observations 
of sage-grouse were approved by the Boise State Univ. Insti-
tutional Animal Care and Use Committee (IACUC; permit 
006-AC13-010), Univ. of Nevada Reno IACUC (permits 
A02/03-22, A05/06-22, A07/08-22 and A09/10-22), 
Nevada Dept of Wildlife permit no. S36652, and Idaho Fish 
and Game permit no. 110914.

Vocalizations were visualized as spectrograms (FFT 
size 512; Hann window) and measured in Raven Pro 1.4 
(Cornell laboratory of Ornithology, Ithaca, NY U.S.A.) 
by a single experienced observer (RLE). The sage-grouse 
display includes six vocally produced notes from each call: 
three ‘coo’ notes, two ‘pop’ notes, and the primary ‘whistle’ 
(Fig. 2, 3). We measured time and frequency characteristics 
of the second coo, the primary whistle and the pop notes. 
The second coo note is longer and more often identifiable 
in the recordings so only this coo note was considered for 
analysis. For the pops, we measured the ‘inter-pop interval’ 
(IPI), which is the time delay between the two pop notes 
(Gibson and Bradbury 1985). For the whistle, which occurs 
during the IPI, we measured the duration and the maximum 
and minimum frequency of the primary whistle. The pri-
mary whistle rises, falls, and rises again in frequency. The 
maximum frequency is the highest pitch of the first rise and 
the minimum is the lowest pitch of the trough (Fig. 2). From 
these measures, we calculated the ratio of primary whistle 
duration to IPI, which indicates the fraction of the IPI that  
is taken up by the whistle. Measurements from individual 

notes were discarded if they overlapped with other sounds, 
such as calls from songbirds or other males. Most male sage-
grouse show a secondary whistle that is lower in amplitude 

Figure 3. Strut vocalizations recorded from two non-collared (a and 
b) and two collared (c and d) male greater sage-grouse Centrocercus 
urophasianus in Idaho. The vocalization characteristics found to be 
significantly different between these groups are labeled in (a): 
‘max’  maximum frequency of the primary whistle (kHz), 
‘min’  minimum frequency of the primary whistle (kHz), ‘whistle 
duration’  duration of the primary whistle (s), and ‘coo 
duration’  duration of the second coo (s).

Figure 2. Example of a vocalization from a typical male greater sage-
grouse Centrocercus urophasianus from a lek in Fremont County, 
Wyoming. This recording was captured using an on-lek micro-
phone array (Krakauer et al. 2009) instead of the more distant 
single-microphone recording technique used in this study. This 
microphone set-up illustrates the full suite of vocal characteristics, 
some of which are not visible in the spectrograms produced by the 
microphone used in this study.
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collared and non-collared birds was the maximum frequency 
of the primary whistle (t  6.596, df  8.687, p  0.001), 
with collared males having a lower maximum frequency than 
non-collared males. For other acoustic characteristics, com-
parisons between collared and non-collared birds in both 
Idaho and Nevada were non-significant (p  0.05; Table 1).  
There was no significant difference between the collared 
and non-collared birds in the estimated distance between 
the bird and the microphone during recording (t  –0.667 
df  18, p  0.513), which suggested that differences in  
vocal features between the groups was not an artifact of 
differential transmission of the sounds.

Maximum frequency of the primary whistle was also 
the only characteristic that differed between collared and 
non-collared males from the Nevada population alone 
(t  9.987, df  3.926, p  0.001; Table 1). For other 
acoustic characteristics, comparisons were non-significant 
(p  0.05), though the sample size for these comparisons 
is low (two collared and four non-collared males) because 
few collared males attended leks in the Nevada study area  
(Gibson et al. 2013). There was no significant difference 
between the collared and non-collared birds in the estimated 
distance between the bird and the microphone during 
recording (t  –1.309, df  4, p  0.261).

When comparing vocalizations from birds from Idaho 
only, four characteristics of vocalizations differed between 
males with and without radio-collars (Fig. 4, Table 1). 
Whistles in non-collared males had a higher maximum fre-
quency (t  4.854, df  12, p  0.003), a lower minimum 
frequency (t  –2.539, df  12, p  0.031), and a longer 
duration (t  2.288, df  12, p  0.042) than whistles in col-
lared males. Non-collared males also had longer second coos  
than collared males (t  3.004, df  11, p  0.019). We 
were not able to measure second coos on all spectrograms, 
therefore resulting in a smaller sample size for this vocal-
ization characteristic. For other acoustic characteristics, 
comparisons were non-significant (p  0.05). There was no 
significant difference between the collared and non-collared 
birds in Idaho in the estimated distance between the bird 
and the microphone during recording (t  –0.249, df  12, 
p  0.808).

The strut rate (inverse of mean inter-strut-interval) of 
displaying males from Idaho did not differ between collared 
and non-collared males (t  0.999, df  10, p  0.341).

Discussion

Previous studies have found that the strut rate and acoustic 
quality of the strut display is critical in determining which 
males are chosen by females as mates (Wiley 1973, Gibson 
and Bradbury 1985, Gibson et al. 1991, Gibson 1996, 
Patricelli and Krakauer 2010). The inter-pop interval (IPI, 
the time delay between the pop notes during which the 
whistle note occurs) is the most consistent acoustic corre-
late of male mating success in studies of sage-grouse from 
the California Mono Lake Basin population, with females 
preferring males that produce an IPI with a longer duration 
(Gibson and Bradbury 1985, Gibson et al. 1991, Gibson 
1996). These previous studies also suggested that the ampli-
tude of the whistle may be positively correlated with the 

and less frequency-modulated than the primary whistle 
(Krakauer et al. 2009). These secondary whistles were too 
quiet on our recordings to measure reliably on the major-
ity of spectrograms and were therefore excluded from this 
analysis.

We used an ANOVA test to determine if vocalizations 
differed for birds with collars fitted by different trapping 
personnel, to see if the individual (n  3 trappers in Idaho, 
n  1 trapper in Nevada) fitting the collar impacted the 
vocalization characteristics. For all other analyses, we first 
tested for normality and then used a Student’s t-test (de 
Winter 2013) to compare the average value of each vocal-
ization characteristic for each collared and non-collared 
male, and for comparing the average strut rate between 
collared and non-collared birds in Idaho. Analyses of vocal-
ization characteristics were conducted on birds from both 
Nevada and Idaho, and because geographic variation exists 
in vocal characteristics from different populations (Krakauer 
et al. 2009), analyses were repeated for Idaho and Nevada 
birds separately. Analyses were performed in JMP 11.0 Pro  
(SAS Inst.).

To compare display effort between collared and non-
collared males, we used the videos of male display from the 
Idaho leks to measure strut rate. Strut rate is positively cor-
related with mating success (Gibson and Bradbury 1985, 
Gibson et al. 1991, Gibson 1996, Patricelli and Krakauer 
2010), and birds that have high display rates can expend up 
to four times basal metabolic rate during displays (Vehren-
camp et al. 1989). Therefore, if there is an energetic cost 
associated with radio-collars it may result in lower strut 
rates. We calculated strut rate as the inverse of the arithmetic 
mean of inter-strut intervals (the time period between the 
end of the first display and the end of the next display) over 
the observation period, such that higher values reflect faster 
repetition of struts and/or shorter pauses between consecu-
tive struts – these pauses include variation in the inter-strut-
interval (time delay between consecutive struts) as well as 
the duration of the rest periods between bouts of strutting. 
Similar to Patricelli and Krakauer (2010), we did not use the 
harmonic mean used in earlier behavioral studies (Gibson 
and Bradbury 1985) because it reduces the effect of extreme 
values, such as extended pauses between bouts of struts, 
which were of interest in this study. Additionally, we were 
not able to correct strut rates based on the proximity of the 
nearest female (Wiley 1973, Gibson et al. 1991, Patricelli 
and Krakauer 2010) due to high sagebrush cover obscuring 
hens on the leks in Idaho.

Results

Vocalization characteristics did not differ depending on the 
person that fitted the collar (ANOVA: primary whistle max-
imum frequency F2,3  0.572, p  0.616; primary whistle 
minimum frequency F2,3  3.11, p  0.185; primary whistle 
duration F2,3  0.451, p  0.674; secondary coo duration 
F2,2  0.984, p  0.504), but sample sizes for each trapper 
were low and may therefore prevent adequate testing of this 
effect.

When comparing vocalizations from all recorded birds in 
both states, the only acoustic measurement to differ between 
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between the maximum and minimum frequency of the 
primary whistle (i.e. the whistle bandwidth) in some, but 
not all, years and leks (Gibson and Bradbury 1985, Gibson 
et al. 1991, Gibson 1996). In our study, collared males pro-
duced primary whistles with a lower maximum frequency 
and a narrower bandwidth than non-collared males (Fig. 4). 
If these display characteristics are important to females in 
either the Nevada or Idaho population, then collared males 
may be less attractive to females and therefore less likely to 
reproduce. The average maximum primary whistle frequency 
among collared males in Idaho was 2163 Hz compared to 
2605 Hz in non-collared males. Among the six collared 
males in Idaho, one male produced a primary whistle with 
a maximum primary whistle frequency within the range 
produced by non-collared males (2545 Hz), but the other 
five males produced primary whistles with maximum fre-
quencies more than 200 Hz below the range found in the 
non-collared males (the range of these five collared males 
was 1967–2279 Hz and the range of all seven non-collared 
males we measured in Idaho was 2507–2756 Hz). Similarly, 

IPI and that the amplitude of the whistle may be more 
important for mating success than IPI per se (Gibson and 
Bradbury 1985, Gibson 1996, Dantzker et al. 1999). We 
did not find a difference in IPI between collared and non-
collared males in the Idaho or Nevada populations, suggest-
ing that collars may not influence at least one major acoustic 
predictor of mating success. However, several characteristics 
of the primary whistle did differ between collared and non-
collared males. Collared males in Idaho produced primary 
whistles with a narrower bandwidth and produced shorter 
whistles than non-collared males, which may be due to a 
lower whistle amplitude (i.e. the end of the whistle drops 
below detectible amplitude sooner, thus appearing shorter). 
Similarly, the shorter duration of the coo notes in collared 
males from Idaho may be due to a lower amplitude of these 
notes. Further studies of vocalizations using recordings 
calibrated for amplitude are needed to test this possibility.

Previous studies on sage-grouse also found positive cor-
relations between male mating success and the maximum 
frequency of the primary whistle as well as the difference 

Table 1. Univariate tests (two-sample t-tests), mean  SEM, and sample sizes for vocalization and display characteristics of male greater 
sage-grouse Centrocercus urophasianus with and without radio-collars for vocalization characteristics of birds from the Idaho and Nevada 
populations (‘both’), Nevada only (‘Nevada’), or Idaho only (‘Idaho’), spring 2012 and 2013. Inter-pop interval also designated as ‘IPI’. Some 
characteristics could not be measured on all spectrograms, so some sample sizes are lower than the number of recorded birds, and 
characteristics that could not be measured for enough birds to compare are denoted with a “---“. Significant results are in bold.

Vocal or display characteristic Population

n  
collared 
males

Mean (SEM) for 
collared males

n  
non-collared 

males

Mean (SEM) for 
non-collared 

males t p

IPI (s) both 7 0.189 (0.002) 12 0.186 (0.001) –1.234 0.241
Nevada 2 0.186 (0.007) 4 0.184 (0.004) –0.257 0.823
Idaho 5 0.191 (0.002) 7 0.188 (0.003) –1.700 0.134

Maximum frequency of primary whistle (Hz) both 8 2162.4 (65.4) 12 2618.4 (22.5) 6.596  0.001
Nevada 2 2158.3 (25.5) 4 2616.2 (38.1) 9.987  0.001
Idaho 6 2163.7 (89.0) 7 2605.2 (30.2) 4.854 0.003

Minimum frequency of primary whistle (Hz) both 8 1049.7 (78.9) 12 909.5 (85.9) –1.202 0.254
Nevada 2 1124.1 (313.4) 4 1099.3 (229.2) –0.063 0.955
Idaho 6 1024.9 (67.7) 7 810.4 (54.8) –2.539 0.031

Duration of primary whistle (s) both 8 0.108 (0.006) 12 0.124 (0.007) 1.736 0.099
Nevada 2 0.116 (0.024) 4 0.121 (0.018) 0.196 0.860
Idaho 6 0.105 (0.005) 7 0.125 (0.008) 2.288 0.042

Maximum frequency of secondary whistle (Hz) both 2 1823.8 (51.2) 8 1935.6 (42.2) 1.684 0.203
Nevada 1 1772.9 1 1968.8 --- ---
Idaho 1 1875.0 6 1932.3 (57.3) --- ---

Minimum frequency of secondary whistle (Hz) both 1 1031.2 2 890.7 (46.8) --- ---
Nevada 0 --- 0 --- --- ---
Idaho 1 1031.2 2 890.7 (46.8) --- ---

Duration of secondary whistle (s) both 2 0.106 (0.025) 8 0.089 (0.006) 1.684 0.203
Nevada 1 0.081 1 0.080 --- ---
Idaho 1 0.132 6 0.092 (0.008) --- ---

Maximum frequency of second coo (Hz) both 6 490.2 (26.8) 12 541.5 (9.2) 1.811 0.118
Nevada 1 468.8 4 521.5 (24.1) --- ---
Idaho 5 494.5 (32.4) 7 550.0 (6.24) 1.735 0.154

Duration of second coo (Hz) both 6 0.061 (0.004) 12 0.073 (0.004) 1.912 0.0768
Nevada 1 0.068 4 0.064 (0.011) --- ---
Idaho 5 0.0598 (0.004) 7 0.078 (0.003) 3.004 0.019

Ratio of duration of primary whistle to IPI both 7 0.612 (0.033) 12 0.689 (0.040) 1.482 0.157
Nevada 2 0.642 (0.128) 4 0.660 (0.085) 0.116 0.919
Idaho 5 0.599 (0.023) 7 0.704 (0.053) 2.006 0.073

Ratio of duration of secondary whistle to IPI both 2 0.559 (0.136) 7 0.477 (0.041) 0.579 0.653
Nevada 1 0.422 1 0.427 --- ---
Idaho 1 0.696 5 0.498 (0.056) --- ---

Strut rate both NA NA NA NA NA NA
Nevada 0 --- 0 --- --- ---
Idaho 6 0.068 (0.008) 6 0.079 (0.008) 0.999 0.341
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can have a large effect on vocalizations of some males, caus-
ing their fitness-relevant acoustic signals to be outside the 
normal range of variation in this species and outside of the 
range of non-collared males within the same population.

Our results suggest that collared males may have difficulty 
producing normal breeding vocalizations. Displaying males 
inflate their esophageal air sac by exhaling air from their 
lungs and directing it into their esophagus (Clarke et al. 
1942). The strut display is produced by the rapid disten-
sion and contraction of the inflated esophagus behind a pair 
of pliable apterygia on the breast (i.e. the vocal sacs). This 
produces a visual display and increases the amplitude of the 
acoustic signal by resonating sound energy and coupling 
the sounds to the surrounding air (Dantzker et al. 1999, 
Krakauer et al. 2009). We propose that collars that encircle 
the esophagus may interfere with inflation or movement of 
the vocal sac during display. This interference may increase 
the costs of an already costly behavior (Vehrencamp et al. 
1989), and potentially decrease male reproductive suc-
cess by decreasing the effectiveness of these vocalizations 
for attracting females and competing with other males for 

the two collared males in Nevada produced primary whistles 
with maximum frequencies of 2132–2183 Hz, which were 
about 400 Hz lower than the four non-collared males (rang-
ing from 2542–2718 Hz). The maximum frequencies of 
primary whistles produced by collared males were highly 
unusual not only for these Idaho and Nevada populations, 
but also compared to populations throughout the range of 
the sage-grouse. Four of the six collared males from Idaho 
produced maximum primary whistle frequencies that fell 
below the range of calls from non-collared males (n  350 
birds) measured across seven populations of sage-grouse 
(range  2053–2837 Hz, mean  2413 Hz; Krakauer et al. 
2009). Interestingly, the two males that produced vocaliza-
tions within the range of non-collared sage-grouse measured 
by Krakauer et al. (2009) were collared by the same trapper, 
suggesting that techniques employed by individual trappers 
may influence the severity of impacts on individual birds. 
Because the present study had a small sample size, the aver-
age maximum primary whistle frequency found here may 
not accurately represent the vocalizations of a larger sample 
of collared males. However, this study suggests that collaring 

Figure 4. Significant differences in vocal characteristics between collared and non-collared male greater sage-grouse Centrocercus 
urophasianus in Idaho during spring 2014 included (a) maximum frequency of primary whistle (Hz), (b) minimum frequency of primary 
whistle (Hz), (c) whistle duration (s), and (d) duration of second coo (s). All graphs show mean  SEM comparing the average value  
for each vocalization characteristic for six collared and seven non-collared birds (except (d), where there were five collared and seven 
non-collared because the secondary coo was not visible for one collared male).
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it is also important to consider that the males who we were 
able to record for this study may have been among those 
suffering less of an impact from collaring, which may lead 
us to under estimate the impacts of collars on vocalizations 
and strut rate. Additionally, it is possible that birds learned to 
compensate for or adjust to their collar for the year between 
fitting and recording, and that impacts may be more acute 
immediately after collars were fitted. In some cases, the 
effects of transmitters on demographics (e.g. mortality) or 
behavior are more pronounced within several weeks of fit-
ting, but effects decrease over time (Perry et al. 1981, Sued-
kamp Wells et al 2003, Woolnough et al. 2004, Casas et al. 
2015). Therefore, our results are specific to long-term collar 
impacts, and immediate impacts of collars on vocalization 
characteristics may be more severe. It is possible that differ-
ences in transmitter weight, or harsher environmental condi-
tions (making it more difficult for males to compensate for 
the weight of the collar in their energy budgets), contributed 
to the lower observed lek attendance by collared males in 
Nevada.

Taken together with previous studies showing a dramatic 
decrease in lek attendance by collared males (Gibson et al. 
2013), these results suggest necklace collars may negatively 
impact males’ fitness by reducing male lek attendance and, 
for males that do attend leks, impacting the quality of their 
vocalizations. Therefore, the use of collars is not recom-
mended for behavioral studies of male sage-grouse, includ-
ing lekking behavior, reproduction, and attendance. Future 
studies should evaluate alternative transmitter-attachment 
methods (e.g. rump mounted transmitters, backpack-style 
transmitters) for impacts on lekking behavior. In studies 
where it is critical to track male behavior, we recommend 
the use of other attachment methods to mitigate potentially 
negative impacts.     

Acknowledgements – We thank J. Higley, A. Gibbons, R. Jones, and 
B. Pendleton for measuring inter-strut intervals on video record-
ings, and A. Perry for statistical advice on strut rates.
Funding – This research was supported by Boise State University, 
University of California Davis, University of Nevada Agricultural 
Experiment Station, Nevada Department of Wildlife, Idaho Fish 
and Game, United States Bureau of Land Management (permit no. 
L09AC16253), National Fish and Wildlife Foundation, Nevada 
Energy Corporation, and a National Science Foundation grant to 
GLP, JSF and AHK (IOS-1258217). 

References

Aldridge, C. L. et al. 2008. Range-wide patterns of greater sage-
grouse persistence. – Divers. Distrib. 14: 983–994.

Amstrup, S. C. 1980. A radio-collar for game birds. – J. Wildl. 
Manage. 44: 214–217.

Baumgardt, J. A. 2011. Probability of attendance and sightability 
of greater sage-grouse on leks: relating lek-based indices to 
population abundance. – MS thesis, Univ. of Idaho.

Caizergues, A. and Ellison, L. N. 1998. Impact of radio-tracking 
on black grouse (Tetrao tetrix) reproductive success in the 
French Alps. – Wildl. Biol. 4: 205–212.

Casas, F. et al. 2015. Assessing the short-term effects of capture, 
handling, and tagging of sandgrouse. – Ibis 157: 115–124.

Clarke, L. F. et al. 1942. Sage grouse studies part II. Seasonal and 
sexual dimorphic variation in the so-called “air sacs” region of 
the sage-grouse. – Wyoming Game Fish Bull. 2: 13–27.

breeding territories. Several species of grouse have esopha-
geal air sacs used in their display, including both greater 
and Gunnison sage-grouse Centrocercus minimus, greater 
prairie-chicken Tympanuchus cupido, lesser prairie-chicken 
T. pallidicinctus, sharp-tailed grouse T. phasianellus, dusky 
grouse Dendragapus obscurus, sooty grouse D. fuliginosus, 
Caucasian grouse Lyrurus mlokosiewiczi and black grouse 
Lyrurus tetrix. These species may experience similar diffi-
culty producing normal display vocalizations when collared, 
although the body position during display for some species 
(Tympanuchus and Dendrogapus) may allow the transmitter 
to hang below the air sacs and could reduce interference 
with the display. Further research is required to determine 
the extent of collar impacts on species with less prominent 
esophageal air sacs or different postures during displays.

Male mating success is also strongly correlated with the 
rate of strut displays by males and with male lek attendance 
(Wiley 1973, Gibson and Bradbury 1985, Gibson et al. 
1991, Gibson 1996, Patricelli and Krakauer 2010). Strut rate 
did not differ between collared (mean  standard deviation: 
0.068  0.019 1 s–1) and non-collared males (0.079  0.02 
1 s–1), suggesting that collared males capable of holding 
territories are not decreasing their strut effort on the lek. We 
did not compare lek attendance between collared and non-
collared males in the Idaho population used in this study. 
However, the two collared and four non-collared males from 
Nevada leks were monitored as part of a larger study addressing 
radio-collar effects on male sage-grouse (Gibson et al. 2013). 
That study found a 3–5 fold decrease in detection of collared 
males on leks compared to non-collared males, indicating a 
dramatic decrease in lek attendance related to collaring. In 
the Idaho population, six of the 19 (31.6%) collared males 
were observed strutting on leks, suggesting that the impact 
of collars on attendance may have been less for this popula-
tion, as some males may have been displaying on leks not 
visited by observers, some males (n  3, 15.8%) were pres-
ent on leks but too far from the observer to record, and two 
(10.5%) died within the year between collaring and obser-
vation. However, the lek attendance rates for collared birds 
in Idaho were not compared to those of non-collared birds. 
This limitation is also true for previous studies on male sage-
grouse and sharp-tail grouse where collared males have been 
observed on leks (Baumgardt 2011, Drummer et al. 2011). 
These previous studies also did not identify whether males 
at leks were actively displaying or only present but not dis-
playing. The distinction between attending and displaying is 
important, but it is costly and difficult to measure differences 
in attendance and behaviors between collared and non-col-
lared birds effectively, as it requires intensive monitoring 
efforts to compare birds marked with color bands only versus 
those birds with radio-transmitters or among birds outfitted 
with alternative harness designs. In the later case, it would be 
ideal to use identical transmitters – we note that the trans-
mitters used in Nevada were 30% heavier than those used in 
Idaho, although still well under the recommended guidelines 
of 4% body weight (Theuerkauf et al. 2007) for a  2 kg 
adult male greater sage-grouse.

The decrease in lek attendance by some sage-grouse 
observed by Gibson et al. (2013) also highlights the difficulty 
of recording vocalizations on a large sample of collared males 
for a study such as this. Given this decrease in attendance, 

Downloaded From: https://bioone.org/journals/Wildlife-Biology on 18 Jul 2024
Terms of Use: https://bioone.org/terms-of-use



8

Koch, R. E. et al. 2015. Investigating female mate choice for 
mechanical sounds in the male greater sage-grouse. – Auk 132: 
349–358.

Krakauer, A. H. et al. 2009. Vocal and anatomical evidence for a 
two-voiced syrinx in the greater sage-grouse Centrocercus 
urophasianus. – J. Exp. Biol. 212: 3719–3727.

Millspaugh, J. J. et al. 2012. Wildlife radiotelemetry and remote 
monitoring. – In: Silvy, N. J. (ed.), The wildlife techniques 
mannual, Vol. 1, 7th edn. The Johns Hopkins Univ. Press,  
pp. 258–283.

Patterson, R. L. 1952. The sage grouse in Wyoming. – The 
Wyoming Game and Fish Commission and Sage Books.

Patricelli, G. L. and Krakauer, A. H. 2010 Tactical allocation of 
effort among multiple signals in sage-grouse: an experiment 
with a robotic female. – Behav. Ecol. 21: 97–106.

Perry, M. C. et al. 1981. Radio-transmitters for mourning doves: 
a comparison of attachment techniques. – J. Wildl. Manage. 
45: 524–527.

Pyrah, D. 1970. Poncho markers for game birds. – J. Wildl. 
Manage. 34: 466–467.

Schroeder, M. A. et al. 2004. Distribution of sage-grouse in North 
America. – Condor 106: 363–376.

Sedinger, J. S. et al. 1990. Effects of carrying radio transmitters on 
energy expenditure of Pacific black brant. – J. Wildl. Manage. 
54: 45–45.

Suedkamp Wells, K. M. et al. 2003. Effects of radio-transmitters 
on fecal glucocorticoid levels in captive dickcissels. – Condor 
105: 805–810.

Theuerkauf, J. et al. 2007. Mortality of radio-tracked wild rats in 
relation to transmitter weight and resilience of transmitters in 
relation to their design. – J. R. Soc. N. Z. 37: 85–90.

Vehrencamp, S. L. et al. 1989. The energetic cost of display in male 
sage-grouse. – Anim. Behav. 38: 885–896.

Venturato, E. et al. 2009. Do radio collars influence mortality and 
reproduction? A case with ring-necked pheasants (Pasianus 
colchicus) in central Italy. – Eur. J. Wildl. Res. 55: 547–551.

Wakkinen, W. et al. 1992. An improved spotlighting technique  
for capturing sage-grouse. – Wildl. Soc. Bull. 20: 425–426.

Ward, D. H. and Flint, P. L. 1995. Effects of harness-attached 
transmitters on premigration and reproduction of brant. – J. 
Wildl. Manage. 59: 39–46.

Wiley, R. H. 1973. Territoriality and non-random mating in  
sage-grouse Centrocercus urophasianus. – Anim. Behav. Monogr. 
6: 85–169.

Woolnough, A. P. et al. 2004. Comparison of three techniques for 
the attachment of radio-transmitters to European starlings.  
– J. Field Ornithol. 75: 330–336.

Zenzal, T. J. et al. 2014. The impact of radio-tags on ruby-throated 
hummingbirds (Archilochus colubris). – Condor 116: 518–526.

Dantzker, M. S. et al. 1999. Directional acoustic radiation in the 
strut display of male sage-grouse, Centrocercus urophasianus. 
– J. Exp. Biol. 202: 2893–2909.

de Winter, J. C. F. 2013. Using the Student’s t-test with extremely 
small sample sizes. – Practical Assessment Res. Evaluation 18: 
1–12. < http://pareonline.net/getvn.asp?v = 18&n = 10 >.

Drummer, T. D. et al. 2011. Sharp-tailed grouse lek attendance 
and fidelity in Upper Michigan. – J. Wildl. Manage. 73:  
311–318.

Fabian, C. et al. 2015. Assessing the short-term effects of capture, 
handling and tagging of sandgrouse. – Ibis 157: 115–124.

Fremgen, A. L. et al. 2016. Male greater sage-grouse detectability 
on leks. – J. Wildl. Manage. 80: 266–274.

Frye, G. G. et al. 2014. Do necklace-style radiotransmitters 
influence flushing behavior of greater sage-grouse? – Wildl. 
Soc. Bull. 38: 433–438.

Garton, E. O. et al. 2011. Greater sage-grouse population dynamics 
and probability of persistence. – In: Knick, S. T. and Connelly, 
J. W. (eds), Greater sage-grouse: ecology and conservation of 
a landscape species and its habitats. Studies in Avian Biology 
Series, Univ. of California Press.

Garton, E. O. et al. 2015. Greater sage-grouse population dynamics 
and probability of persistence. – Final Report to Pew Charitable 
Trusts.

Geisen, K. M. et al. 1982. Methods for trapping sage-grouse in 
Colorado. – Wildl. Soc. Bull. 20: 425–426.

Gibson, R. M. 1996. Female choice in sage-grouse: the roles of 
attraction and active comparison. – Behav. Ecol. Sociobiol. 39: 
55–59.

Gibson, R. M. and Bradbury, J. W. 1985. Sexual selection in 
lekking grouse: phenotypic correlates of male strutting success. 
– Behav. Ecol. Sociobiol. 18: 117–123.

Gibson, R. M. et al. 1991. Mate choice in lekking sage-grouse 
revisited: the roles of vocal display, female site fidelity and 
copying. – Behav. Ecol. 2: 165–180.

Gibson, D. et al. 2013. Effects of radio collars on survival and 
lekking behavior of male greater sage-grouse. – Condor 5: 
769–776.

Godfrey, J. D. and Bryant, D. M. 2003. Effect of radio transmitters 
on energy expenditure of takahe. – In: Williams, M. (ed.), 
Science for conservation: conservation applications of measur-
ing energy expenditure of New Zealand Birds and assessing 
habitat quality and costs of carrying radio-transmitters. New 
Zealand Dept of Conservation, pp. 69–81.

Hagen, C. A. et al. 2006. Radio-telemetry survival estimates of 
lesser prairie-chickens in Kansas: are there transmitter biases? 
– Wildl. Soc. Bull. 34: 1064–1069.

Irvine, R. J. et al. 2007. Cost of carrying radio-transmitters: a test with 
racing pigeons, Columbia livia. – Wildl. Biol. 13: 238–243.

Downloaded From: https://bioone.org/journals/Wildlife-Biology on 18 Jul 2024
Terms of Use: https://bioone.org/terms-of-use


