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Measurements of the fine structural features of the songs of six
species of Pycnonotus bulbuls recorded in northern Thailand.

Values for each species are given as means * SE.

Discriminant function analysis of the songs of six species of
Pycnonotus bulbuls produced three factors summarizing nine

fine structural features of songs, represented here as the correlation
coefficients between the original data and the three factors;

variables with the strongest relationships (correlations > 0.60)

are indicated in bold font.

Encountering rates between species showing that visually-similar
species were routinely encountered based on the proportion of
locations where species were encountered; highest proportions

of encounter rate between paired visual similar speceis are

indicated in bold font.

Discriminant function analysis of the songs of pair-wise comparisons
of Pycnonotus bulbuls that share similar plumage features, based on
three separate discriminant analyses of nine structural features of songs;
variables with the strongest relationships (correlations > 0.60) are
indicated in bold font.

Sexual comparisons using morphometric data of the six Pycnonotus
bulbuls in Chiang Dao. Data shows the average + SE.

Discriminant function analysis of the morphometric data of six species
of Pycnonotus bulbuls produced three factors summarizing five
morphometric features, represented here as the correlation coefficients
between the original data and the three factors; variables with the

strongest relationships (correlations > 0.60) are indicated in bold font.
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Nucleotide comparison shows nucleotides composition bias of
excess adenine and cytosine bases, which is consistent for all the
six Pycnonotus species. Codon positions included in this analysis

were 1%+2"%+3" included gaps and missing positions.

Pair-wise Euclidean distances of acoustic variables for all six species.

Pair-wise Euclidean distances of morphometric variables between
all six species. Euclidean distances within sex were calculated
independently; males (lower diagonal) and females (upper diagonal).
Pair-wise nucleotide composition distance using 16s mtDNA of

all six species. The distance scores indicate a relatively close

genetic relationship between all six species.
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Figure Page

1 Ilustrated map showing the two study sites in Chiang Mai, northern 8
Thailand; a) Chiang Dao Wildlife Research station, and b) Chiang Mai
University (Adapted from Royal Thai Survey Department, 2002).

2  Climatic variations at Chiang Dao Wildlife Research Station in 2009 20
showing monthly rainfall (mm) and average daily minimum and
maximum temperature (°C).

3 Sound spectrograms showing the typical song recorded from each 24
of the six species of Pycnonotus bulbul in northern Thailand: a)
Black-headed Bulbul, b) Black-crested Bulbul, c) Streak-eared Bulbul,

d) Stripe-throated Bulbul, €) Red-whiskered Bulbul, and f) Sooty-
headed Bulbul.

4 A scatterplot of the first three canonical discriminant functions of 26
Acoustic features resulting from the discriminant analysis explained
correctly 94.0% of variances.

5 Histograms showing the discriminant scores for pair-wise comparisons 29
of Pycnonotus bulbuls that share similar plumage features, based on
three separate discriminant analyses of nine structural features of songs.

6 Gel electrophoresis showing sex identification using the primers P2/P8. 31
Two different PCR fragments were amplified from females (double
bands) and males (single band).

7 Scatterplot of the first three canonical discriminant functions shows 35
the results from the discriminant analysis; a) cross-validated DFA
correctly explained 98.7% of variances from female morphometric
features, and b) cross-validated DFA correctly explained 96.4% of

variances from male morphometric features.
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Alignment of 16s mtDNA gene sequences of all six species of the 41
Pycnonotus Bulbuls. The consensus sequence is shown above the

sequence alignment with nucleotide identities depicted as dots (.)

and sequence deletions as dashes (-). The numbers refer to the

nucleotide positions of each amplified fragment.

Hierarchical cluster analyses of the six Pycnonotus based on Euclidean 43
distance of acoustic features. Spectrograms show typical song structure

of each species. Dendrogram shows two discrete species’ song; trilled

songs i.e. Black-headed Bulbul and Streak-eared Bulbul, and frequency-
modulated tones i.e. Sooty-headed Bulbul, Stripe-throated Bulbul, Red-
whiskered Bulbul, and Black-crested Bulbul.

Hierarchical cluster analyses of the six Pycnonotus based on Euclidean 44
distance of female morphometric features (a) and male morphometric
features (b). Species clustering indicate monophyly of all six Pycnonotus
Bulbuls with similar dendrograms of both sexes.

Molecular phylogeny based on 16s mtDNA (487bp) indicated two 45
separated groups of the Pycnonotus Bulbuls. Numbers above nodes

indicate bootstrap (replications = 1000) of the maximum composition
likelihood.

Scatter plots showing the positive correlation of acoustic distance 49
compared with females morphometric distance (a), male morphometric

distance (b), and genetic distance (c).



