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Fig. 1. An example of
a Great Reed Warbler
song. The introductory
syllable g1 is shown as
“gl” where most of the
recorded Great Reed
Warbler songs had that
feature, irrespective of
the further composition
of the song.

Fig. 2. Parameters of the introductory syllable g1 in
the Great Reed Warbler song measured for analy-
sis of vocal distinctiveness of individuals. 1 = initial
frequency (fini), 2 = frequency of the first maximum
(f1max), 3 = frequency of the second maximum
(f2max), 4 = frequency of the first minimum (f1min),
5 = frequency of the second minimum (f2min),
6 = total duration of the syllable (dur).
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Fig.3. Visual presentation
of inter-individual variation
of introductory syllables g1
derived from songs of six
different males.



!�&� %���������� ����
���

�
 ���������� �"� !
��
���� �
� ,%� ��  �� ������ �"�
���
� ���
 �
� ���
���� ���
� �
� ��� �������� 
�
�/ �	���#��� �
� ��� ����� ��!������	 �
� �� " ����	
	���� �� ���
 �������
�� �"� #�����
(����  
��(
�� ��
�� 
� )������

 &>: - O�3B���
PB/;;' �
�
�"� �)����� ���"�
(����  
���� ��
�� 
� )������


#���� 

 �"� )����� ��
� �"� �/ �	���#��� �
� �� "
����� �� ���� �"� ����
� 
� #�����
(���� �

���"�
(����  
���� ��
�� 
� )������

 &>:

#�
B

>:
��
' �� �������� 
� ������)� #�����
(���� )���(

�#����	 �
� �� " �/ ������� &��#�� /'� �"� >:
#�
B

>:
��

����
 Q/ �������� �"�� �	���#�� ������� ��
�
�� )����#�� #�����
 �"�
 ���"�
 ����� �
�
 
��� #� !
��
�����	 ���� �� �  �� �
� ,% &.�� �� 
��

2;;/'� ,
 �
 �
��
�
�� ��

�� ��  �� ������ ��(
��
� 
� #�����
(	���� �
 ���"�
(	��� )����#����	
&>:

#	
B>:

�	
' �
� ���)�
 ����� �� 
���� �
 �
��

�"�
 

� ����

� �"�  
�!����

 
�  �� ������ ��(
��
� �
�#��� ���� �  
�!����

� 
� ���"�
( �
� #�(
����
(���� �
� #�����
(	��� )����#����	 �
 �/
�	���#�� !����������

�� ���� �7�� /2 7� �
������ �
� !���
���
�
�������� �� ������ 3��� ��� !����
��� �� ���
� R ��
�
���� �
�� ���� 
�"�������" )����� ��� ��
(������
�
���� ������ 
�"������� �� ���� ��
���� ��
���
�
�������" ��!������������� &$�9' �
 ���� �� �/
�	���#�� � 
���� �������� �������� ���
��� �
��	 #�(
����
 �� 
���
�� �

� �� �������
� �����

� ����
�
� ��
��� ����

� �� ���� +C�:+� &���" .

(
����

� !�
#�#����	 ��������
��' �
 ���� �� �"��� ���
���
��� �
� �������
 �� �
 �"� ������� �	���#�� !�(
�������� ���"�
 �
� #�����
 �
��)������ �
 !���� (
���� 	���� 
� #�����
 	���� �
� !���� ���� ������
�� ���� ��� ����
�
� �
��	��� &3<+' �
 �����(
��
��"��"�� �/ �	���#���  
��� #� �����
�� �
 �"�
 
��� ������ ,
 �"�3<+�� �!!���� �"�  �
��()��(
������  ������� ���

 �
� � ���)�(
��(

� �����

&� �	�����

&��� ������'$��	 �
�����	 (��������

)����� � �����	 �	����

�� ������ �� �/ �	���#�� �������� �������� ���
���(
 �
��	 #�����
 �������
� �� 
���
� �����

� �
 �
��
��� ����

 ���
� ��!�����(�������� $�9� ��8
�	���#�� !��������� �"
��� ���
��� �
� ������(
�
 �� #�����
 ����� �� 
���� &�����@ ���#�� -

;�;;/� " S ;�;;/'� #�� �"� �������
 �� #�����
 ��(
 
���
�� 
� �"� ���� ���� ���� 


(���
��� �
�
&�����@ ���#�� - ;�0=2� " - ;�G26'� +��
 �"� �
(
���� ��

 #�����
 ���� �
� �� 
���
� �����

 ���



(���
��� �
� &�����@ ���#�� - ;�620� " -
;�G/?'� + ���� 
� #�����
(��#�� �� ���� �� ��)�����
�"�� �������
 �� #�����
 �� 
���
�� 
� �"� ����
����� �
� �"� �/ �	���#�� ������������ 


(���
���(
 �
� ���" !�
#�#������� #�����
 ;�/?6 �
� ;�?0/�
+ ����"�� ��� ����
��� �
��	��� ��)����� �"��
0?�/T 
�  �
��()��������  ���� ����  
��� ��	
 ��������� �
 !���� ��������� ���������� 
� �"� ����
�"�
 �"� �� 
���
� ��� �

�� �"��� �!!���
��	
�"� �/ �
��
�� �
�	 �	���#��� �����
�� �
 "�
���
����
� � ��
��� #�����
� ����

�

&�!� *�

	�	��	� �	�)		� $��	�

�"�>:
#�
B>:

��
����
� �
�� ���� �"�� ��� ��8 �/ �	�(

��#�� �������� 
� �"� $%� �

�� ���� ������)��	
�
�� )����#�� #�����
 ����� �"�
 ���"�
 ������
�
� �"�� !�����
 ���  

�����
� �
 ��� �"��� ����	
	���� &��#�� /'� �"� +C�:+� ���

������� �"��
�"�� ������

�"�! 
� ���"�
(���� �
� #�����
(����
)����#����	 ��� ���
��� �
� �
� �)��	 �	���#�� ���(
���� ������� >

�����
��	� �"� �/ �	���#�� "�� �"�
!
��
���� �
� !�
)���
� �� 
�
���

  ��� �
 �"�
���
���	 
� �"� ��
��
������� ��#�����
� ��� ����(

�
� �
��	��� &3<+' �"
��� �"�� �"� �  ��� 	 
�
�����
����"�
� #�����
 �
��)������ #���� 

 �"�
���� ��� ��8 �������� 
� �/ �	���#��� �� ����� "��"�
�"�  �
��()�������� !�
 ����� ���
��� �
�  
��� �
�����
��
� 
� �	���#��� �
 �
��)���������� �
 11T

� �"�  ���� �
 2;;G� 1?T �
 2;;? �
� 02T �

2;;4� �"��� )����� ��� ���� �#
)� ��
�
� �����
(
��
��� �"� " ���� 1�GT� 1�GT =�24T� ���!� (
��)��	�

&�&� ������'$��	 �	������ ��

	�	��	�

���)�
����� ���� �� 
���� �
 ��
 &	 - 1' 
� �"���
&	-G' ����

���� ���� �� 
���
�� 
� �"��������
�
 ���� �"� ������)� #�����
(����

 ���#����	 
� �"�
�� �	���#�� !���������� �"� )����� 
� �"� >:

#	
B

>:
�	
����
� �
� �"��� !������������� ���
��� �
��	

�
��� �"�
 �"
�� 
#���
�� �
� �"� >:
#�
B>:

��
#��

����� 
)�� �"� )���� / &��� 
8

 ���
�� ��
� ����A �
- H2�2;6� " - ;�;26A <��� 2'� ��#�����
� ����� ��(
)����� �
 ��#���
�� !�����
 
� #�����
(����



�:����	 �� 
��$ ;	#���#&
� �����	����	 7� ��	� �	 �(� <��
� ���# �
�7��� =4



== �%C,� <�CC,>+ :
�� 1=� 2;;0

Table 2. Evaluation of differences between years using a single-factor ANOVA for each syllable feature

(see text for details). Bonferroni-adjusted P values are shown: * = < 0.05, ** = < 0.01, *** = < 0.001,

ns = > 0.05. a = Recorded in all three seasons.

Male nr.

Feature 1
a

2
a

3
a

4 5 6 7 8 9 10 11

fini *** *** *** ns * *** *** *** ns *** ***
f1max *** *** *** ** *** ns *** ns ns *** ***
f2max *** *** *** ** ns ns ns ns * *** ***
f1min *** *** *** ns ns ** *** *** *** ns ns
f2min *** *** *** ns ns ns *** * * ns ns
dur ns *** *** ns ns ** ns *** *** ns **

Table 1. Characteristics of the g1 syllable features with measures describing their within- and between-

male variability, and ANOVA test for the between-male differences. CV
wm

= within-male coefficient of varia-

tion, CV
bm

= between-male coefficient of variation, and Max. between-male diff. (%) = maximum difference

between individual means as a percentage of the grand mean. F ratios (single-factor ANOVA for log trans-

formed values to meet normality assumption) compare the variability of a given syllable feature within and

between males, with the degrees of freedom as follows: 11, 228 (2003), 11, 219 (2004) and 15, 303 (2005,

except for the variable f2max with 15, 302).

Max. Avg.
between- within-

male male
Feature Mean±SE Range diff. (%) CV (%) CV

bm
/CV

wm
F ratio

2003, n = 12 males (240 calls)
fini (kHz) 6.30±0.042 4.74–8.18 31.8 4.15 2.79 90.11*
f1max (kHz) 6.85±0.032 6.03–9.22 26.1 3.07 2.76 71.19*
f2max (kHz) 7.11±0.019 6.55–8.01 9.1 2.85 1.76 19.92*
f1min (kHz) 5.40±0.029 3.96–6.46 23.8 4.91 2.01 33.58*
f2min (kHz) 5.27±0.033 2.32–6.20 25.4 6.72 1.80 13.16*
dur (ms) 107.9±0.977 84–108 38.9 7.30 2.11 54.47*

2004, n = 12 males (231 calls)
fini (kHz) 6.33±0.039 4.74–7.84 26.6 4.15 2.35 74.26*
f1max (kHz) 7.41±0.035 6.29–9.30 24.1 2.60 1.89 120.67*
f2max (kHz)

a
7.35±0.026 6.63–8.70 17.0 2.32 1.76 72.85*

f1min (kHz) 5.57±0.030 4.39–6.55 24.1 3.60 2.58 91.42*
f2min (kHz) 5.45±0.031 4.22–6.98 26.5 4.74 1.65 45.77*
dur (ms) 106.2±1.201 62–146 58.6 7.13 2.58 97.36*

2005, n = 16 males (318 calls)
fini (kHz) 6.10±0.030 5.18–6.97 29.3 3.60 3.03 90.71*
f1max (kHz) 7.29±0.033 5.89–8.01 28.9 2.75 3.49 139.55*
f2max (kHz) 7.27±0.028 6.12–8.04 25.4 2.58 2.93 121.53*
f1min (kHz) 5.57±0.025 5.13–6.67 27.6 3.58 2.97 56.51*
f2min (kHz) 5.62±0.025 5.05–6.56 26.7 4.15 2.13 46.66*
dur (ms) 97.3±0.783 69–117 49.1 6.74 2.35 74.20*

CV
bm

/CV
wm

ratio >1 indicates that a given syllable feature was more variable between than within males; * = Significant at

P < 0.001 after Bonferroni adjustment. a = for f2max in 2004, only 217 measurements fulfilled the recording-quality criteria

and were included in the analysis.
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Fig. 4. Comparison of coefficient of variation ratios
(CV) for Great Reed Warbler within-male differ-
ences in different seasons (� BY) and between-
male differences in the same season (� BM).
CV > 1 indicates a significant difference.
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