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In many species of songbird, individuals sing multiple song types, some of which are shared with their
neighbours. Individuals may also share syntactical rules that govern the transitions between different
song types, but few studies have attempted to study this kind of sharing. Progress has been inhibited by a
lack of statistical tools to compare song-type transitions among individuals. We present a straightfor-
ward method for comparing song transitions based on Markov transition matrices. The method calcu-
lates the number of mutually preferred song-type-to-different-song-type transitions found in the song
sequences of two birds, then assesses whether that number is significantly greater than would be ex-
pected if the two birds ordered their songs independently of one another. We applied this method to
song sequences from five songbird species. All pairwise comparisons among male Cassin's vireos, Vireo
cassinii, showed significant similarity in song transitions, as did a minority of comparisons among
Adelaide's warblers, Setophaga adelaidae, and one pair of marsh wrens, Cistothorus palustris. In contrast,
dyads of rock wrens, Salpinctes obsoletus, and rufous-and-white wrens, Thryophilus rufalbus, did not share
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and July 2012 and 2013. Most study subjects were not banded, but
could be easily relocated because members of this species show
strong territory fidelity (Warning & Benedict, 2015) and individual
song patterning. At least 900 songs per individual were recorded
over the course of one to three recording sessions on different days.



for a significant association between the transition matrices. These
steps are explained inmore detail below and are illustrated in Fig. 2.

The details of constructing a transition (or Markov) matrix, as
required for step 1, have been described by Chatfield and Lemon
(1970). Briefly, for a bird with repertoire size C, the transition ma-
trix contains C rows and C columns corresponding to each of the
song types in the bird's repertoire. A cell in row i and column j is
filled with a count of the number of times the bird transitioned
from song type i to song type j in the recording sample (Fig. 2a).
Diagonals in the matrix represent self-transitions, where a bird
repeated the same song type consecutively, but it is often desirable
to investigate transitions between types independent of repetitions
(Hailman, Ficken, & Ficken, 1985). We opted to exclude entries
along the diagonal because the tendency to repeat song types ap-
pears primarily to be a species-level trait with less variation among
individuals of a species than between species. This has led to the
common designation of species as singing with either eventual
variety or immediate variety based on the frequency of repetitions
in their song sequences (Kroodsma & Verner, 1978). Moreover, a
syntactic ‘rule’ designating a repetition is qualitatively different
from one designating a transition between two song types. Repe-
titions could be underpinned by a rule like repeat(x), regardless of
what x is. Transitions, in contrast, require association of different
song types (e.g. transition from x to y). Efforts to model birdsong
syntax have frequently shown that repetitions are not well
described by the same processes that govern between-type tran-
sitions (Hedley, 2016a; Jin & Kozhevnikov, 2011; Kershenbaum,
Bowles, Freeberg, Jin, & Lameira, 2014), suggesting that these two
types of rules may be encoded differently within the avian brain.
Therefore, we excluded repetitions in our primary analyses, but







slight (median effect size in rockwrenwas 1.25 times chance levels,
compared to 8.38 times chance levels in Cassin's vireos), and not
reinforced by statistical significance in any of the pairwise com-
parisons. Adelaide's warblers and rufous-and-white wrens showed
no such effect at the species level (Adelaide's warbler: median: 1.04
times chance levels, W ¼ 385, P ¼ 0.25; rufous-and-white wren:
median: 1.00 times chance levels, W ¼ 153610, P ¼ 0.97). Small
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