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Stability and change in vocal dialects of the yellow-naped amazon
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Cultural evolution is an important force in creating and maintaining behavioural variation in some spe-
cies. Vocal dialects have provided a useful model for the study of cultural evolution and its interactions
with genetic evolution. This study examined the acoustic and geographical changes in vocal dialects
over an 11-year span in the yellow-naped amazon, Amazona auropalliata, in Costa Rica. Contact calls
were recorded at 16 communal night roosts in 1994 and 19 roosts in 2005, with 12 of the roosts sampled
in both surveys. In both surveys, three dialects were found, each characterized by a distinctive contact call
type and each encompassing multiple roosts. The limits between two of these dialects, the North and
South dialects, was found to be geographically stable, while at the boundary between the North and Ni-
caraguan dialect there was introgression of each call type into roosts in the bordering dialect. Acoustic
measurements and cross-correlations of spectrograms detected no change in the acoustic structure of con-
tact calls in the South dialect but did show significant differences in the calls of both the North and Nicar-
aguan dialect between 1994 and 2005. These results are consistent with the vocal convergence hypothesis,
which proposes that dialects are long-term features maintained through some combination of biased trans-
mission of local call types and purifying selection against foreign call types. Migration, copying errors and
cultural drift may also play a role in the more subtle changes seen in the acoustic form of dialect call types.
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Cultural evolution of learned traits creates and maintains
behavioural variation within certain species. Learned traits
may evolve in a manner analogous to genetic evolution,
with changes in population frequencies of behaviours
resulting from cultural drift, selection, mutation through
learning errors or innovation, biased transmission via
preferential learning from certain individuals and migra-
tion (Mundinger 1980; Boyd & Richerson 1985; Lynch
1996). Geographical variation in learned acoustic signals,
commonly termed ‘vocal dialects’, represent a particularly
useful setting in which to investigate the process of
cultural evolution (Mundinger 1982; Lynch et al. 1989).
Vocal dialects are present in a wide range of taxa, includ-
ing humans (Trudgill 1983; Nettle 1999), numerous os-
cines and at least one suboscine songbird (Catchpole &
Slater 1995; Kroodsma 2004), hummingbirds (Gaunt
ndence: T. F. Wright, Department of Biology, MSC 3AF, New
State University, Las Cruces, NM 88003, U.S.A. (email:
nmsu.edu).
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et al. 1994), parrots (Wright 1996; Baker 2000, 2003), ceta-
ceans (Ford 1991; Weilgart & Whitehead 1997) and bats
(Davidson & Wilkinson 2002). The broad taxonomic dis-
tribution of vocal dialects offers diverse opportunities to
examine the relative importance of drift, selection, muta-
tion, migration and biased transmission in cultural
evolution.

Studies of temporal stability in vocal dialects can pro-
vide particular insight into these evolutionary processes.
Temporal stability in vocal dialects can be considered in
two dimensions: (1) the geographical stability of dialect
boundaries and (2) the stability of acoustic properties of
vocalizations. High rates of learning errors or drift would
decrease acoustic stability, as would diversifying or di-
rectional selection (Lynch 1996). Likewise, migration
could reduce the geographical stability of dialect bound-
aries by introducing foreign call variants into dialects, or
through the recolonization of regions by individuals
with new dialect types after extinction of previous popula-
tions (Harbison et al. 1999). In contrast, both biased trans-
mission, in which the most prevalent local call types are
dy of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
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preferentially learned, and purifying selection against
novel call types should promote dialect stability. Models
incorporating both biased transmission and purifying
selection have predicted dialects that are stable in both
acoustic form and geographical pattern, even in the face
of mutation and migration (Ellers & Slabbekoorn 2003;
Lachlan et al. 2004).

To date, studies of dialect stability have focused pri-
marily on songbirds. Within this group, a number of
distinct patterns of dialect stability have been observed.
In some cases, dialects appear to be both geographically
and acoustically stable (Trainer 1983; Chilton & Lein
1996; Harbison et al. 1999). In other cases, acoustic
form is more temporally variable, with new call forms be-
ing introduced into populations and others being lost
(Ince et al. 1980; Payne 1996; Baker & Gammon 2006).
In still others, some components of a vocal signal are sta-
ble and others change with time, suggesting that different
components may be governed by different forms of selec-
tion (Audret-Hausberger 1986; Nelson et al. 2004). Relat-
ing these patterns to the function of the vocal signals in
each species and to specific processes of cultural evolution
remains a challenge. One approach to this challenge is to
broaden the scope of dialect stability studies to other taxa
such as parrots, which differ from songbirds in their so-
cial structure, sound production mechanisms, social con-
texts for vocal communication, and timing and neural
mechanisms of vocal learning (Bradbury 2003; Jarvis
2004).

Among the parrots, vocal dialects have been most
thoroughly investigated in the yellow-naped amazon, Am-
azona auropalliata. In 1994, a survey of contact calls re-
corded at 16 communal roosting sites in Costa Rica
revealed three distinct types of this call (Wright 1996).
Each of these call types was shared by a number of neigh-
bouring roosts, and, in general, a single call type was
recorded at a given roost, resulting in the mosaic pattern
typical of vocal dialects. Notable exceptions were found
at roosts on the borders of dialects, where a low propor-
tion of birds were bilingual and used the contact calls of
both neighbouring dialects. Subsequent genetic studies
utilizing both mitochondrial control region sequences
and microsatellites detected no population genetic struc-
ture congruent with dialect boundaries, suggesting high
rates of gene flow, and thus individual movements, be-
tween two dialects (Wright & Wilkinson 2001; Wright
et al. 2005). These results suggest that dialects are main-
tained through time by preferential learning of local call
types by immigrants, a form of biased transmission (Payne
1981). Such a process of vocal convergence is predicted to
curb the pace of cultural evolution and produce stable di-
alects that persist over time and space.

To test this prediction, we conducted a second survey of
vocal variation in the contact calls of the yellow-naped
amazon in Costa Rica in 2005. Our goal was to assess the
degree of change in both the geographical boundaries
between vocal dialects and the acoustic structure of
contact calls within dialects over the 11-year span be-
tween this resurvey and the original 1994 survey, and to
use these patterns to infer the processes of cultural
evolution that shape vocal variation in this species.
METHODS
Contact Call Recordings
In June 2005, we sampled contact calls from yellow-
naped amazons across the range of this species in Costa
Rica following the methods of the original dialect survey
performed during MarcheJune 1994 (Wright 1996). Calls
were recorded at communal night roosts in the early morn-
ing or late afternoon. Communal night roosts typically
contain large numbers of birds (50e300) and are located
in traditional sites that are used throughout the year and
over the course of decades. In 2005, we revisited 12 of
the 16 roosts surveyed in 1994; four roosts from our origi-
nal survey were inaccessible because of poor road condi-
tions or lack of landowner permission. In addition, we
recorded calls at seven roosts either that we had not found
in 1994 or from which we had not obtained usable record-
ings. In total we surveyed 19 roosts in 2005, of which
12 were sampled in both the 1994 and 2005 survey
(Fig. 1). In summary, the two surveys sampled all of the
known roosts in the range of this species in Costa Rica
that were accessible to us.

We recorded contact calls from unmarked birds of
both sexes perched in the vicinity of roosts (generally
within 500 m). In 2005, calls were recorded with an
ME67 shotgun microphone (Sennheiser Electronic
Corp., Old Lyme, CT, U.S.A.) on a PMD670 solid state re-
corder (Marantz Corp., Mahwah, NJ, U.S.A.) and saved as
16-bit wave files with a sampling rate of 22.05 kHz. In
1994, we used a Sennheiser MKH816 P48 shotgun mi-
crophone and a DAP-20 DAT recorder (TEAC Inc., Mon-
tebello, CA, U.S.A.) of comparable audio quality. Calls
from 1994 were band-pass filtered from 0.25 to 8 kHz,
then digitized with a Macintosh Powerbook 180 internal
8-bit digitizer, sampling at 22 kHz. To sample among-in-
dividual variation, we recorded six to eight birds per site
in 2005 and two to four birds in 1994; to sample within-
individual variation, we aimed for 10 high-quality calls
from each bird, although this goal was not met for all
birds. At two sites where calls of more than one dialect
were observed (‘bilingual sites’), we increased our sample
sizes to 12 birds (Hacienda Inocentes, site 2) or 15 birds
(Parcelas Santa Elena, site 17) to adequately sample vari-
ation within both dialect forms (see Fig. 1 for site loca-
tions). In 1994, we sampled 514 calls from 54 birds at
16 sites (Table 1), with 218 calls from 23 birds using
the South dialect, 256 calls from 27 birds using the
North dialect, and 40 calls from four birds using the Ni-
caraguan dialect (mean � SE of 31.2 � 2.4 calls from
a mean of 3.2 � 0.2 birds per site). In 2005, we sampled
1173 calls from 130 birds at 19 sites (Table 1), with 424
calls from 44 birds using the South dialect, 592 calls
from 69 birds using the North dialect, and 157 calls
from 17 birds using the Nicaraguan dialect (mean � SE
of 61.7 � 5.9 calls from a mean of 6.9 � 0.7 birds per
site).

Noninvasive techniques were used throughout this
study. This project was conducted under protocol number
2005-001 of the Animal Care and Use Committee at New
Mexico State University.
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Figure 1. Maps of northwestern Costa Rica showing the distribution of roost sites and vocal dialects of yellow-naped amazons surveyed in (a)
1994 and (b) 2005. Green triangles indicate Nicaraguan dialect roosts, blue circles indicate North dialect, red squares indicate South dialect,

and the diamonds indicate bilingual roosts at which both neighbouring dialects were observed, with the shading of the diamond indicating the

predominant dialect recorded. The yellow shading indicates the range of the yellow-naped amazon in Costa Rica. Sixteen roosts were included
in the 1994 call analysis; 12 of these roosts were also sampled in 2005: (1) Peñas Blancas, (2) Hacienda Inocentes, (3) Playa Junquillal, (4) Mur-

cielago, (5) Pelon Altura, (6) Playa Naranjo, (7) Horizontes, (8) Playa Cabuyal, (9) Finca Gisa, (10) Hacienda San Jeronimo, (11) Finca Zapolita,

(12) Pelon Bajura, (13) Playa Grande, (14) Puerto San Pablo, (15) Finca Curu, (16) Tarcoles. Seven additional roosts were sampled in 2005 only:

(17) Parcelas Santa Elena, (18) Parque Santa Rosa, (19) Finca Ahogados, (20) Las Trancas, (21) Finca Palenque, (22) Taboga/ Finca El Cortijo,
(23) Tivives.

Table 1. Numbers of birds and contact calls sampled at each site in
1993 and 2005

Site

Site

number*

1994 2005

Birds Calls Birds Calls

Peñas Blancas 1 4 40 3 27
Hacienda Inocentes 2 4 37 12 111
Playa Junquillal 3 4 40 6 59
Murcielago 4 3 28 7 61
Pelon Altura 5 4 40 8 49
Playa Naranjo 6 4 34
Horizontes 7 4 40 6 59
Playa Cabuyal 8 2 13 7 61
Finca Gisa 9 4 34
Hacienda San
Jeronimo

10 3 29

Finca Zapolita 11 4 40
Pelon Bajura 12 4 40 6 60
Playa Grande 13 3 25 1 9
Puerto San Pablo 14 2 20 6 55
Finca Curu 15 2 20 6 60
Tarcoles 16 3 24 7 66
Parcelas Santa Elena 17 15 133
Parque Santa Rosa 18 7 63
Finca Ahogados 19 9 62
Las Trancas 20 7 64
Finca Palenque 21 6 57
Taboga/Finca El
Cortijo

22 6 57

Tivives 23 6 60

*Site numbers correspond to those in Fig. 1.
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Acoustic Analysis
We opened sound files recorded in 2005 in Raven 1.2.1
(Cornell Laboratory of Ornithology, Ithaca, NY, U.S.A.)
and randomly selected up to 10 contact calls for each
individual from among the high-quality recordings with
low levels of background noise. Similar procedures were
used with the 1994 calls (Wright 1996). We then per-
formed two types of acoustic analyses of these call sets:
acoustic parameter measurements and spectrogram cross-
correlations (SPCC).

To measure acoustic parameters, we created spectro-
grams of 1994 and 2005 calls in Raven 1.2.1 with
a Hanning window of 512 samples and 3 dB filter band-
width of 62.5 Hz, a frequency grid with DFT size of 512
samples and spacing of 43.5 Hz, a time grid with Hop
size of 51 samples and 90% overlap, and averaging of
12 spectra. Eleven time and frequency parameters were
measured from these spectrograms for each call using
onscreen cursors or automated measurements in Raven
1.2.1 (Fig. 2).

To calculate spectrogram cross-correlations, we first
equalized the sampling rates of the 1994 and 2005 calls
to 22.05 kHz using the ‘resamp’ command in SIGNAL 4.03
(Engineering Design, Berkeley, CA, U.S.A.). We then per-
formed spectrogram cross-correlations using the CORMAT
routine v2.26 in SIGNAL using spectrograms with a 512-
sample FFT, 100 steps, band-pass filtering from 0.6 to
3.5 kHz and no frequency shifts or time normalization.
We performed separate batch cross-correlations for five
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Figure 2. Representative spectrogram of a North dialect contact call

of yellow-naped amazons illustrating the 11 acoustic parameters

measured on calls from all three dialects. Parameters are (1) total
note duration, (2) first segment duration, (3) second segment dura-

tion, (4) first segment high frequency, (5) first segment low fre-

quency, (6) first segment frequency range, (7) second segment

high frequency, (8) second segment low frequency, (9) second
segment frequency range, (10) first segment peak frequency, (11)

second segment peak frequency. Frequency parameters 4e9 were

measured on the second harmonic.
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sets of calls: all 1994 calls, all 2005 calls, and for the calls
from both years combined for each of the three dialects
(North, South and Nicaraguan).
Statistical Analysis
We performed principal component analysis (PCA) on
the correlation matrix of the call measurements using JMP
5.1 (SAS Institute, Cary, NC, U.S.A.) to reduce the number
of collinear variables. We performed PCA on each of the
three dialects separately and rotated the first five factors to
create five orthogonal variables for each dialect. We then
performed nested ANOVA in JMP 5.1 on each rotated
factor for each dialect in which year was a fixed effect,
recording site nested within year was a random effect, and
individual nested within site was a random effect. We
adjusted alphas within each dialect using the Bonferroni
method to correct for multiple tests (Sokal & Rohlf 1995).

To visualize patterns of similarity in the matrices of peak
cross-correlation values produced by each of our five batch
SPCCs we used principal coordinate analysis (PCO) im-
plemented in the R Package v 4.03 (Casgrain & Legendre
2001). To aid in the visualization of this large dataset,
we averaged the eigenvector values for all calls from
each individual for the first two eigenvectors and plotted
these average values for each individual in bivariate space.
We tested for hypothesized effects of dialect, year and site
using standard and partial Mantel tests (Mantel 1967;
Smouse et al. 1986) between the matrix of similarity
values for individual calls and test matrices constructed
with ones for within-classification comparisons (e.g. calls
from the same year or site) and zeros for between-
classification comparisons. We tested for differences
between the three dialects within each year (1994 and
2005). We also combined the calls of both years and con-
ducted separate tests within each of the three dialects to
examine the effects of site and year, after controlling for
the effects of site. All Mantel tests were implemented in
the R Package v 4.03 (Casgrain & Legendre 2001) and
were run for 1000 permutations.

RESULTS
Stability of Geographical Distributions
Auditory classification of sounds and visual inspection
of spectrograms suggested that the three dialects observed
across the range of the yellow-naped amazon in Costa Rica
in 1994 persisted in 2005 (Fig. 3aec). Provisional assign-
ment of sites to dialects based on auditory and visual in-
spection revealed a pattern of geographical distribution
that was similar between 1994 and 2005 (Fig. 1). The bor-
der between the South and North dialects was in the same
location, with all sites that had previously been classified
as North or South in 1994 retaining that classification in
2005. Furthermore, the distribution of sites at this bound-
ary, at which some birds used both neighbouring dialects
(were ‘bilingual’), remained similar over the 11-year span.
For example, in 2005, a few (<10) bilingual birds were ob-
served at Las Trancas (site 20) using both North and South
contact calls, but most individuals produced only North
contact calls. Similar usage patterns were observed at
this site in 1994, although no usable recordings were ob-
tained at that time (T. F. Wright, unpublished data). Con-
versely, at Finca Gisa (site 9) located 20 km to the
southeast, a few bilingual birds were recorded in 1994,
but most birds produced South contact calls. We were un-
able to obtain access to this site in 2005, but during a visit
in 2000, we observed similar usage patterns with few bilin-
gual birds and the majority using the South dialect (T. F.
Wright, unpublished data).

A different pattern was apparent at the boundary
between the North and Nicaraguan dialects. Here we
observed sites at which all birds exclusively used one
dialect in 1994 (e.g. North dialect only at Hacienda
Inocentes or Nicaraguan dialect only at Peñas Blancas,
site 1), while in 2005, some birds used both dialects. We
also made recordings in 2005 at a new roost between these
two sites at which birds were using both North and
Nicaraguan dialects. Thus in 2005 there appeared to be
more introgression of call types into the neighbouring
dialects at this dialect boundary than was observed in
1994, or was observed in either year at the boundary
between North and South dialects.

The analysis of contact call structural variation by
spectrogram cross-correlation analysis confirmed the geo-
graphical stability of the three dialects. PCO plots of the
matrices of peak correlation values for all calls recorded in
1994 (Fig. 4a) and 2005 (Fig. 4b) showed nonoverlapping
distributions of the North and South dialects in both
years. The Nicaraguan dialect was nested within the South
dialect in 1994 while in 2005 it appeared to more interme-
diate between the two dialects. Mantel tests between
the spectrogram cross-correlation matrix and a 1e0 test
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Figure 3. Representative spectrograms of contact calls of yellow-naped amazons recorded in 1994 and 2005 from one site in each of the (a)

South, (b) North and (c) Nicaraguan dialects. These calls illustrate the conservation of the basic form of the contact call and the distinctiveness

of the three dialects over an 11-year span. The bottom two spectrograms are of Nicaraguan dialect calls recorded in 2005 at two additional
sites: (d) Parcelas Santa Elena and (e) Hacienda Inocentes, which illustrate the distinctive form of the calls from Hacienda Inocentes relative to

the other two Nicaraguan dialect sites.
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matrix coded for provisional membership within the three
dialects showed a significant and positive relationship for
the 1994 calls (Mantel test: r ¼ 0.51, array size ¼ 514 calls,
P < 0.001) and 2005 calls (r ¼ 0.45, array size ¼ 1173 calls,
P < 0.001).
Stability of Acoustic Structure
The three dialects showed differing degrees of stability
in the acoustic structure of their contact calls. In the South
dialect, a PCO plot of spectrogram cross-correlations
showed a high degree of overlap between calls recorded
in 1994 and 2005 (Fig. 5a). Mantel tests showed an
association of call variation with both site (Mantel test:
r ¼ 0.19, array size ¼ 642 calls, P < 0.001) but not with
year after controlling for site (partial Mantel test:
r ¼ 0.001, array size ¼ 642 calls, P ¼ 0.44). Measurements
of acoustic parameters from spectrograms showed a similar
pattern. The first five factors from a principal component
analysis explained 85% of the variation in the 11 measured
parameters (Table 2). Nested ANOVAs for each of these five
PCA factors revealed significant effects of year for none of
these factors, significant effects of site nested within year
for four factors, and significant effects of individual nested
within site and year for all five factors (Table 3).

In the North dialect, a PCO plot of spectrogram cross-
correlations showed a lower degree of overlap between
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1994 and 2005 calls than was found in the South dialect
(Fig. 5b). Here Mantel tests showed an association of call
variation with both site (Mantel test: r ¼ 0.13, array
size ¼ 838 calls, P < 0.001) and with year after controlling
for site (partial Mantel test: r ¼ 0.16, array size ¼ 838 calls,
P < 0.001). Results from acoustic parameter measurements
were consistent with those from the cross-correlations.
The first five PCA factors explained 81% of the variation
in the 11 parameters (Table 2), and nested ANOVAs on
these PCA factors revealed significant effects of year for
two factors, significant effects of site nested within year
for four factors, and significant effects of individual nested
within site and year for all five factors (Table 3).

To examine the patterns of acoustic change between
1994 and 2005 in the North dialect in more detail, we
averaged the PCA factor values across calls for each
individual and performed unpaired t tests comparing
mean values in the 2 years at each of the six sites that
were surveyed in both years. Results from these post hoc
comparisons indicated that all sites but one had signifi-
cant differences between the 2 years for at least one PCA
factor (Table 4). Notably, the one site that showed no dif-
ferences between 1994 and 2005 was Hacienda Inocentes
(see below).

Although the Nicaraguan dialect was represented by
fewer sites in the 1994 and 2005 surveys (one and three
sites, respectively), it did show an intriguing pattern of
geographical differentiation among these sites. A Mantel
test for the effect of site on spectrogram cross-correlation
values was significant with a Mantel r value comparable in
magnitude to those from the comparisons among all three
dialects (Mantel test: r ¼ 0.48, array size ¼ 197 calls,
P < 0.001). The PCO plot of the cross-correlation values
(Fig. 5c) revealed that this result was driven largely by calls
from Hacienda Inocentes, a site at which we recorded ex-
clusively North dialect calls in 1994. Closer inspection of
the Nicaraguan type calls recorded from this site in 2005
suggested that they were qualitatively different from those
recorded at the other two sites. Calls from Hacienda Ino-
centes did share some characteristics of the Nicaraguan
calls recorded at the other two sites, particularly in the pat-
tern of frequency modulation in the second segment, but
they also showed a pattern of modulation in the first seg-
ment that was unique to this site (Fig. 3cee). Results from
acoustic parameter measurements were more difficult to
interpret given that only one site that we sampled in
both 1994 and 2005 (Peñas Blancas) had the Nicaraguan
dialect in both years. The first five PCA factors explained
92% of the variation in the 11 parameters (Table 2), and
nested ANOVAs on these PCA factors revealed significant
effects of year for one factor, significant effects of site
nested within year for one factor, and significant effects
of individual nested within site and year for four of the
five factors (Table 3).
DISCUSSION

This study of vocal dialects in the yellow-naped amazon
revealed a general picture of both acoustic and geograph-
ical stability over the 11-year span between surveys
conducted in 1994 and 2005. The three different forms
of contact calls (South, North and Nicaraguan) were
clearly recognizable in both years and were distributed
in the same general spatial pattern in both surveys. Closer
examination of call structure, however, revealed subtle
changes in call structure between the two surveys in two
of the three dialects, and geographical introgression of call
types at the boundary between the same two dialects.
Below we summarize these changes and discuss their
implications for the maintenance and origin of vocal
dialects and the process of cultural evolution.
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Acoustic and Geographical Change
Acoustic structure of the South dialect did not differ
between the two surveys after controlling for variation
among different sites, and there were no observed changes
in the boundary between this dialect and its neighbouring
North dialect, although note that some sites along this
boundary were not sampled in both surveys. In contrast,
there was bidirectional introgression of the North and
Nicaraguan call types along their shared border, such that
two sites on either side of the boundary between the two
dialects that had shown only a single call type in 1994 had
both dialects in 2005. Calls of both the North and
Nicaraguan dialects recorded in 2005 differed in many
measures of acoustic variation from those recorded in
1994, but the call types of the two dialects remained
different from each other, with little evidence of co-
alescence of the two types. In the North dialect changes
in acoustic form were not concentrated at any particular
site but occurred throughout the dialect, while in the
Nicaraguan dialect these changes were most evident at
a single site, Hacienda Inocentes. Patterns of temporal
change at this site are particularly notable. In 1994, only
North calls were recorded at this site, while in 2005, both
North and Nicaraguan calls were recorded there. This
result is unlikely to be an artefact of increased sampling
effort in 2005 as we only increased our sample sizes there
in 2005 after observing bilingual birds among the first
birds recorded. The acoustic structure of the North calls
recorded at this site did not differ between 1994 and 2005.
In contrast, the Nicaraguan calls at Hacienda Inocentes
were strikingly different from those recorded at the other
two Nicaraguan sites in 2005 and may represent an
incipient dialect (see below).
Temporal Persistence and Dialect
Maintenance
Our data confirm that dialects in the yellow-naped
amazon are maintained through time as distinctive geo-
graphical features. Such temporal stability in geographical
and acoustic patterns has been found in dialects in a range
of songbird species, including white crowned sparrows, Zo-
notrichia leucophrys (Trainer 1983; Chilton & Lein 1996;
Harbison et al. 1999; Nelson et al. 2004), brown-headed
cowbirds, Molothrus ater (Anderson et al. 2005), redwings,
Turdus iliacus (Bjerke 1980) and black-capped chickadees,
Poecile atricapillus (Ficken & Popp 1995; Baker & Gammon
2006), and in some cetaceans including killer whales, Orci-
nus orca (Deecke et al. 2000; Riesch et al. 2006) and sperm
whales, Physeter macrocephalus (Rendell & Whitehead
Figure 5. Plots of the first and second PCO eigenvectors of the peak

spectrogram cross-correlation values for calls of yellow-naped ama-
zons from the (a) South, (b) North and (c) Nicaraguan dialects.

Points indicate the mean values for the calls of an individual

(South ¼ 67 individuals, North ¼ 96 individuals, Nicaraguan ¼ 21
individuals). In (a) and (b), closed symbols indicate individuals

from 1994 and open symbols indicate individuals from 2005. In

(c), points follow the accompanying legend.



Table 2. Factor loadings from principal component analysis of acoustic parameter measures from contact calls of yellow-naped amazons from
three vocal dialects

Measurements

South dialect North dialect Nicaraguan dialect

PCA1 PCA2 PCA3 PCA4 PCA5 PCA1 PCA2 PCA3 PCA4 PCA5 PCA1 PCA2 PCA3 PCA4 PCA5

Total note
duration (ms)

0.97 �0.02 �0.10 �0.13 �0.02 0.04 �1.00 0.03 0.02 �0.04 0.03 0.98 �0.06 0.05 �0.13

First segment
duration (ms)

0.81 0.04 �0.11 �0.29 �0.06 �0.20 �0.78 0.22 �0.18 0.13 0.36 0.87 0.00 0.06 �0.04

Second segment
duration (ms)

0.58 �0.13 0.45 0.32 0.07 0.28 �0.68 �0.20 0.22 �0.21 �0.43 0.77 �0.11 0.01 �0.21

First segment
high freq. (Hz)

0.08 �0.05 0.07 �0.78 0.59 0.21 �0.06 0.89 0.26 �0.10 0.87 0.13 0.02 �0.09 �0.43

First segment
low freq. (Hz)

�0.10 �0.05 �0.01 0.03 0.96 0.28 �0.03 �0.11 0.82 �0.08 0.95 0.01 0.02 �0.09 0.04

First segment
freq. range (Hz)

0.19 �0.01 0.09 �0.90 �0.24 �0.03 �0.03 0.88 �0.41 �0.02 0.34 0.24 0.01 �0.04 �0.90

Second segment
high freq. (Hz)

�0.08 �0.11 0.91 �0.03 0.07 0.87 �0.02 0.10 0.37 0.03 0.92 0.16 0.00 �0.16 �0.23

Second segment
low freq. (Hz)

�0.01 0.85 0.48 0.03 �0.01 �0.11 0.02 0.03 0.87 0.08 0.85 �0.26 0.10 �0.10 �0.12

Second segment
freq. range (Hz)

�0.04 �0.96 0.13 �0.06 0.06 0.97 �0.03 0.08 �0.15 �0.02 0.68 0.47 �0.08 �0.15 �0.25

First segment
peak freq. (Hz)

0.14 �0.50 0.07 0.12 0.47 �0.05 0.02 �0.11 0.11 0.73 0.03 �0.09 0.98 �0.13 0.00

Second segment
peak freq. (Hz)

�0.16 0.25 0.81 �0.12 �0.05 0.05 0.02 0.02 �0.09 0.80 0.23 �0.08 0.14 �0.95 �0.04

Eigenvalue 2.48 2.16 1.82 1.25 1.21 2.56 2.16 1.98 1.44 1.20 4.86 2.80 1.07 0.70 0.68
Variation
explained (%)

23.3 19.6 18.0 13.1 10.9 22.5 19.6 16.5 11.4 11.0 44.2 25.5 9.8 6.4 6.2

Total variation
explained (%)

85 81 92

Table 3. Results of nested analyses of variance testing the effects of
year, site and individuals on acoustic parameters for the South,
North and Nicaraguan dialects of yellow-naped amazons

Dialect
PCA

factor

F

Yeary

Site nested

within
yearz

Individual nested

within site and
yearx

South PCA1 0.2 9.8* 6.3*
PCA2 2.3 6.1* 4.5*
PCA3 3.2 2.5* 8.9*
PCA4 1.8 7.2* 3.3*
PCA5 4.8 0.7 7.4*

North PCA1 4.5 5.3* 4.4*
PCA2 9.0* 2.4* 6.2*
PCA3 6.2 7.8* 3.2*
PCA4 0.6 3.4* 5.0*
PCA5 18.1* 1.2 2.0*

Nicaraguan PCA1 0.1 93.6* 9.9*
PCA2 1.8 0.9 69.9*
PCA3 26.7* 0.1 2.5*
PCA4 3.2 1.4 1.8
PCA5 0.04 6.0 2.9*

*F with P < 0.05 after Bonferroni correction for multiple tests within
each dialect.
ydf ¼ 1 for all three dialects.
zdf ¼ 14 for South, 18 for North, and 2 for Nicaraguan dialect.
xdf ¼ 51 for South, 81 for North, and 17 for Nicaraguan dialect.
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2005). The temporal stability of dialects in this range of
species suggests that they are long-term, population-level
phenomena that are maintained by one or more evolu-
tionary processes that promote stability. Yet the high esti-
mates of gene flow in many (Fleischer & Rothstein 1988;
Lynch 1996; MacDougall-Shackleton & MacDougall-
Shackleton 2001; Wright & Wilkinson 2001; Soha et al.
2004; Wright et al. 2005), but not all (Yurk et al. 2002),
of these taxa imply high rates of migration of individuals
from one dialect to another (assuming dialects have not
arisen very recently). High rates of migration would be ex-
pected to homogenize vocal patterns if vocalizations were
purely genetic phenomena. That homogenization is not
observed in most systems suggests that processes of cul-
tural evolution, specifically patterns of vocal learning, are
responsible for the maintenance of vocal dialects.

One caveat that should be noted is that the 11-year time
span of our study is relatively short compared to the
expected life span of the yellow-naped amazon, which has
a maximum recorded life span in captivity of 49 years
(Brouwer et al. 2000). Although we do not have life span
data for our population, genetic evidence from one site
indicates that one mated pair successfully renested at the
same site for a minimum of 7 years (T. F. Wright, A. M. Ro-
driguez & R. C. Fleischer, unpublished data). This indirect
evidence of long life spans suggests that we may have sam-
pled the same individuals in both surveys. On the other
hand, the number of birds recorded was often less than
10% of the birds observed at a given site, suggesting that
resampling of individuals was relatively rare.



Table 4. Results of post hoc t tests examining variation in acoustic
parameters between calls of yellow-naped amazons recorded in
1994 and 2005 at six sites in the North dialect

df for all

tests PCA1 PCA2 PCA3 PCA4 PCA5

Hacienda
Inocentes

9 1.5 0.2 �0.1 �0.6 0.4

Playa Junquillal 8 �2.9* 1.2 0.1 2.2 1.5
Murcielago 8 �3.3* 3.7* �3.0* 2.0 2.0
Pelon Altura 11 1.0 �1.6* �4.0* �0.9 0.7
Horizontes 8 �1.4 5.4* �6.3* �1.0 2.5*
Playa Cabuyal 7 0.8 1.3 �2.2 1.9 2.8*

All six sites
combined

61 �2.0* 3.1* �4.8* 0.8 3.2*

*t with P < 0.05.
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In the yellow-naped amazon system, biased transmis-
sion of local call types to immigrant birds could account
for the observed pattern of temporal stability (Boyd & Ri-
cherson 1985; Lachlan et al. 2004), provided that learning
is still possible postdispersal. Although formal studies of
the developmental time course of vocal learning have
not been conducted in this species, it is well known for
its life-long vocal mimicry abilities in captivity (Forshaw
1989). Other parrot species rapidly learn new vocaliza-
tions when placed in novel social situations (Farabaugh
et al. 1994; Vehrencamp et al. 2003; Wanker et al. 2005;
Pepperberg 2006), suggesting that open-ended learning
is common in parrots. Stabilizing selection against foreign
call types could act in concert with biased transmission.
Such selection could arise from negative social interac-
tions with local birds, and could take the form of either re-
duced mating success or even reduced survival if this
depends on access to social groups. We are currently ex-
amining these possibilities through experimental translo-
cations of birds within and across dialects.
Acoustic Change and Cultural Evolution
Although dialects appear generally stable, we did find
evidence of some change in the acoustic structure of the
North dialect between 1994 and 2005. In contrast, the
South dialect showed no measurable change in acoustic
structure over the same time interval. Although there are
several possible explanations for these differences, at
present we do not have strong evidence in support of
any particular one. Cultural drift might be greater in the
North dialect; such drift is enhanced by smaller popula-
tion sizes, increased population isolation or reduced
opportunity to learn from models (Mundinger 1980;
Lynch et al. 1989; Harbison et al. 1999; Gammon et al.
2005). Higher levels of migration into the North dialect
could also contribute to more rapid change in call types
in this dialect. Both microsatellites and mtDNA sequences,
however, show similar levels of genetic diversity in the
South and North dialects, and rates of gene flow between
the two dialects are estimated to be equivalent (Wright &
Wilkinson 2001; Wright et al. 2005). The North dialect
does differ from the South dialect in that it shares borders
with two other dialects and thus may receive more mi-
grants in total than the South dialect. If these immigrants
are not capable of complete convergence to their new
dialect, or have some reciprocal influence on the vocaliza-
tions of their new neighbours, then they may contribute
to the greater change observed in the North dialect.

One force that may have acted to change calls to
a greater degree in the North dialect than in the South
dialect is selection arising from the acoustic transmission
properties of different habitats (Morton 1975; Wiley &
Richards 1982; Bradbury et al. 2001; Seddon 2005). Both
dialects are a mosaic of primary and regenerating second-
ary tropical dry forests and agricultural land under a vari-
ety of regimes from intensive sugar cane and rice farms to
extensive cattle ranching (Edelman 1992; van Laake &
Sanchez-Azofeifa 2004; Kleinn et al. 2005). Furthermore,
the yellow-naped amazon is found in most of these habi-
tats within each dialect, and telemetry data indicate that
a given individual will range widely through, and call in,
a variety of habitats on any given day (A. Salinas-Melgoza,
unpublished data), suggesting that directional selection
for specific acoustic characteristics is not strong.

Finally, the possibility that the observed differences
simply represent a sampling artefact should be acknowl-
edged. If individuals tend to remain static in their
vocalizations over time, and if by chance we rerecorded
more of the same birds in the second survey in the South
dialect than in the North, then it may give the appearance
of greater stasis in the South dialect. While this scenario is
possible, we do not have any reason to think that it is true;
our sampling procedures and numbers of birds sampled
were equivalent in the two dialects. Playback experiments
comparing the responses of birds to calls recorded in
1994 versus 2005 would be useful in determining whether
the degree of change observed in either dialect is salient to
the birds themselves (Derryberry 2007).
Dialect Origins
The question of how dialects originate is more difficult
to address than is the question of dialect maintenance
because it is essentially a historical question (Baker & Cun-
ningham 1985). In a direct analogy to speciation models
(Coyne & Orr 2004), most hypotheses for the formation
of dialects focus on the importance of allopatry (Payne
1981; Catchpole & Slater 1995). These models for dialect
formation invoke a scenario of divergence among geo-
graphically separated populations (Payne 1981; Baker &
Cunningham 1985), perhaps accelerated by colonization
of new peripheral habitat islands by juveniles with incom-
pletely formed repertoires (Thielcke 1973). These differ-
ences accrue in isolation and then are maintained when
dialects come into secondary contact. Processes analogous
to sympatric speciation (Coyne & Orr 2004) are less com-
monly posited, perhaps because the origin of new dialects
within existing dialects would be inconsistent with the
process of dialect maintenance through vocal conver-
gence described above. Theoretical models have provided
some support for these general processes but have not
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suggested any one form as being more likely than others
(Ellers & Slabbekoorn 2003; Lachlan et al. 2004). Distin-
guishing between these hypotheses empirically would be
aided by the identification of dialects that are newly arisen
or in the process of formation.

The presence of a distinctly different version of the
Nicaraguan contact call at the Hacienda Inocentes site
may represent a rare opportunity to observe directly the
process of dialect formation. The new form of the
Nicaraguan call at Hacienda Inocentes was qualitatively
different from other forms both spectrographically (Fig. 3)
and to the human ear. As noted above, it is uncertain
whether the newly documented call variant represents
a truly novel call type or is present in unsurveyed portions
of this species’ range, which extends into southern Mex-
ico. Spectrograms of calls from sound libraries reveal con-
siderable variation in calls of the yellow-naped amazon
consistent with the presence of dialects throughout its
range (Wright & Wilkinson 2001), but none of these var-
iants match this new Nicaraguan call form.

Likewise, it is presently unclear whether the birds
recorded using this call variant at Hacienda Inocentes
represent only newly arrived immigrants, perhaps in the
process of convergence to the Northern dialect, or also
include residents of this site who have converted from the
North dialect call to the novel Nicaraguan call variant.
Genetic data obtained from nests reused over several
years, and telemetry data from the non-nesting season
indicate a high degree of site fidelity by adults, but more
widely ranging movements by juvenile birds (A. Salinas-
Melgoza, unpublished data). These data would suggest
that the new Nicaraguan call form was brought to
Hacienda Inocentes by an influx of birds, probably
juveniles, from other parts of the range of the yellow-
naped amazon. Further observation of call use and
ranging patterns at this site will address these questions
and may provide insight into the process by which vocal
dialects originate.
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