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Further analysis supports the conclusion that the songs
of Screaming Pihas are individually distinctive and bear a lek
signature.—The conclusion of our field study (Fitzsimmons et al.
2008) was that three complementary methods of analysis demon-
strated significant differences in song features between individual
male Screaming Pihas (Lipaugus vociferans) and, to a lesser de-
gree, distinctiveness based on the lek at which they were recorded.
Kroodsma (2011) presents many criticisms of our paper, related to
our sampling approach, our acoustic measurements, our analyti-
cal approach, and our interpretation. Here, we address these criti-
cisms and provide additional data and analyses in support of our
conclusions. We argue that, despite some deficiencies, our inves-
tigation provides an interesting contribution to the literature on
suboscine songbirds.

Sampling approach.—Kroodsma’s (2011) first main criticism is
related to our sampling approach. He points out that each male’s
songs were recorded during only one recording session, and he sug-
gests that our observed differences are due to differences between
recording sessions rather than differences between individuals. As
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is the case for many field studies, particularly in remote locations,
our sampling approach reflected a tradeoff between the amount of
time available to sample each individual and the amount of time
to sample different individuals; we chose to maximize the number
of individuals recorded within our time-limited field expedition.
We agree with Kroodsma (2011) that this sampling approach is not
ideal, but we do not agree that this approach invalidates the conclu-
sions of our paper, for at least three reasons.

First, we evaluated whether Screaming Piha song structure
changes between recording sessions and found no evidence to sup-
port this idea. We recorded three male Screaming Pihas singing
on the same song perches on different days and used spectrogram
cross-correlation to compare songs across recording sessions. For
these three males, cross-correlation scores tended to be higher be-
tween songs recorded from the same individuals on different days
(mean + SE = 0.58 + 0.07) than between songs recorded from dif-
ferent individuals (0.53 + 0.01). We removed these data from our
paper because of a reviewer’s concern over the small sample size,
which is too small for statistical analysis. Nevertheless, these data
are consistent with the idea that Screaming Piha song structure is
less variable between recording sessions than between individu-
als. Further research, preferably with a large population of banded
individuals recorded during multiple recording sessions, would
provide a clearer answer to the question of whether an individual
Screaming Piha’s songs change over time.

Second, although we agree that acoustic recordings can vary
with factors such as a bird’s motivation or recording conditions, we
have no reason to believe that the songs of Screaming Pihas are af-
fected by systematic variation among our recording sessions. We
minimized potential variation between recording sessions by col-
lecting recordings at the same time of year in the same context:
males performing spontaneous songs from their positions on leks.
There is no suggestion that Screaming Piha song structure changes
over the course of the day, either in our field experience or in the lit-
erature on this species (e.g., Snow 1982, Nemeth 2004, Snow 2004).
Kroodsma (2011) cites two examples of diel variation in the fine
structure of bird song from his popular book (Kroodsma 2009), but
we are not aware of any study showing diel variation in structure
within a song type in a suboscine bird. By contrast, studies of subos-
cine flycatchers have revealed remarkably little variation over time
(e.g., Lovell and Lein 2004, Lein 2008). It is generally thought that
suboscine songbirds have remarkably consistent songs (e.g., Seddon
and Tobias 2007), and Screaming Pihas appear to fit this pattern.

Third, Kroodsma’s suggestion that all of the measured variation
can be reduced to variation among recording sessions is too strong
a statement. We agree that there is potential for variation to arise
from differences between individuals and differences between re-
cording sessions, and it is possible that the differences we described
were influenced by both sources of variation. Very few studies have
addressed this question by systematically quantifying variation in
songs between recording sessions of an individual (Ellis 2008). One
recent study demonstrated that variation within a recording session
is less than the variation between recording sessions, but that the
variation between recording sessions of the same individual is still
significantly less than the variation between individuals (Wilson and
Mennill 2010). The same study used playback to evaluate whether
birds respond to these sources of variation (between-recording-
session vs. between-individual variation); birds did not respond to

between-recording-session variation but responded to between-
individual variation (Wilson and Mennill 2010). These results pro-
vide direct evidence that birds categorize together songs recorded
from the same individuals across different recording sessions. Al-
though the study species was an oscine songbird, the Black-capped
Chickadee (Poecile atricapillus), the results demonstrate that salient
inter-individual variation in song can be quantified from a single
recording session (Wilson and Mennill 2010).

Our original investigation was motivated by an intriguing
study of another cotinga, the Three-wattled Bellbird (Procnias
tricarunculata), by Kroodsma and his colleagues (Saranathan
et al. 2007). We were unable to follow the protocol used in that
study because the authors did not describe their acoustic sam-
pling approach in detail in the paper presenting their results (Sa-
ranthan et al. 2007). Nevertheless, we think that our approach
was appropriate for sampling the vocalizations of 26 individuals
from four leks, and we maintain that our data provide evidence of
individual-level variation in Screaming Pihas. We echo Kroods-
ma’s (2011) suggestion that future research on this topic should
attempt to quantify variation across recording sessions as rigor-
ously as possible, and we recommend that future studies sample
individuals across multiple recording sessions as an improvement
on the design of our study.

Bioacoustic measurements.—Kroodsma (2011) questions the
validity of the methods we used to measure sound spectrograms
of our field recordings. Modern bioacoustic software facilitates
precise and fine-scale measurements of field recordings that may
not be obvious by visual inspection of sound spectrograms. Auto-
mated parameter measurements, such as those used in our study,
provide objective, repeatable, empirical measurements of record-
ings. As we stated in our original paper (Fitzsimmons et al. 2008),
all sounds were normalized to the same amplitude prior to mea-
surement, and time measurements were collected in relation to a
standard threshold. Although our sound recordings include re-
verberation—as one should expect for field recordings of the loud
songs of rainforest birds (Nemeth et al. 2006)—our standardized,
automated measurements permit careful quantification of subtle
acoustic differences without reliance on subjective assessment.

Analytical approach.—Kroodsma identifies pseudoreplica-
tion in our canonical discriminant analysis between leks involving
10 songs from each of 26 males at 4 leks. To address this construc-
tive point of criticism, we reran our analysis using a resampling
approach. We conducted canonical discriminant analysis on one
randomly selected song from each individual (# = 26 songs from
26 individuals from 4 leks) and repeated this procedure 100 times.
This analysis revealed the same pattern we reported in Fitzsim-
mons et al. (2008); discriminant analysis assigned songs to the cor-
rect lek 91.7 + 0.6% of the time (range: 73-100%). Variables with
strong loading on the first and second canonical axes for this lek-
level analysis were length of the pee syllable, bandwidth of both
frequency-modulated portions of the zaw syllable, and frequency of
maximum amplitude (FMA) at the end of the haw syllable, as well
as FMA of the end of the last introductory syllable (as in the analysis
in our original paper). Therefore, an improved approach that avoids
pseudoreplication yields the same pattern as our original paper.

As Kroodsma (2011) points out, there are alternatives to the
simplistic null model we used in our original paper (i.e., 25% level
of correct lek assignment expected by chance). Given that the four
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leks we studied differed in size, the chance of any given song be-
ing classified to the correct lek is influenced by the size of the lek
where it was recorded. A more conservative null model for this
analysis is to use a 34% level of correct assignment expected by
chance (the weighted mean of the probability of each individual
song being classified to the correct lek). Comparing our discrimi-
nant analysis to this new value using prior probabilities of group
membership, we find the same pattern reported in our original
paper; 91.7% is significantly higher than the 34% level of correct
assignment expected by chance (Binomial test: P < 0.001).
Implications.—Kroodsma’s final main criticism concerns our
interpretation, drawing attention to the last sentence of our pa-
per. Here Kroodsma has distorted our conclusions by presenting
asingle sentence out of context. Contrary to the implication of his
critique, this sentence was not intended as a major conclusion of
our paper. Rather, it was included in the final paragraph to con-
nect our results to recent studies that suggest the occurrence of
vocal learning in suboscine songbirds and to encourage further
research on this topic. In our original paper, we made the same
important point that Kroodsma (2011) has articulated in his cri-
tique: “Individual differences in song features cannot necessarily
be interpreted as evidence of vocal learning” (Fitzsimmons et al.
2008:912). In our final paragraph, we further explained that

although recent evidence is compelling, raising young birds in
a laboratory environment in isolation of tutors, following the
classic protocol of Kroodsma, is an important area for further
evaluation of whether songs are learned or innate in cotingas.
Future studies should record individuals over multiple years and
at different geographic sites and conduct playback experiments
to determine whether Screaming Pihas discriminate between
individuals using vocal cues.... Much more research is needed on
this suborder before we can begin to fully understand the evolu-
tion and origins of vocal learning. (Fitzsimmons et al. 2008:913)

In summary, the conclusions of our original paper stand up
to scrutiny and further analyses: Screaming Piha songs are indi-
vidually distinctive and, to a lesser degree, they bear a lek signa-
ture. We thank Don Kroodsma for bringing his concerns to our
attention and for continuing to scrutinize research in the field of
bird song. There are many challenges inherent in field studies, and
we and other researchers must continue to be mindful of the po-
tential pitfalls; advanced planning, pilot studies, thorough sam-
pling, and a rigorous but respectful peer-review process will help
to improve the quality of ornithological research.
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