
� � � �� � � � 	 �
 ��� 
 
 �� � �� � � �� � � � 	 �
 ��� 
 
 �� � �
� � 	 � � � �� � 	 � � � �

� � � � � � � �� � ��� � �� � � �� � � � �� � � � � � � �� � ��� � �� � � �� � � � �
� � � � �� � �
 �� � � �� � �� � ! �� � 
 � �� � � � �� � �
 �� � � �� � �� � ! �� � 
 � �

" � �#� � 	 �� � �
 ��� � ! � �" � �#� � 	 �� � �
 ��� � ! � �
$� �	 � �� � 	 � � ! %�&
 � 
 � �$� �	 � �� � 	 � � ! %�&
 � 
 � �



' ( �
 � ! )� � * +� �! � � �, 
 � � �� � � �
- �� � �� � �. �* � 	 �� / 0� )1� � 2



� 3� � �� � � 4	 �� � � * � �
 � 	 � �� �� ( �
- �� � �� � �. �* � 	 �� / 20)1� � 2



1� )5� 6 ��� � � � � 	 �
�� �� #� � � � � �#� �
 � �� � �
 #� � �� � � �� � � � 	


 ��� 
 * � � � �� �#� �� 
 
 �� �

- � � � �� � � �� � � �� � � �
 � * � � � � �#� � �� +�� 	 �� � !
� 
 
 �� � #� �� � � � �� � � � � � ! 7

 
 
 �
 ������ � � � � ��* � � 
 #� * � � � 	
+� �� � � �� #� ! 7



Decrease
Power
Losses

Decrease
Drag Forces 

on Boat

Increase Propulsive 
Efficiency

of oar/blade

Improve
Technical
Efficiency

Increase
Propulsive

Power

Aerobic
Capacity

Anaerobic
Capacity

Maximal 
Strength

3� � � � � 	 � !
� � � 	 �� � �

� �* � � 	 �
 � 	

3* � � 
 #� !
. � � �� �� �



Decrease
Power
Losses

Decrease
Drag Forces 

on Boat

Increase Propulsive 
Efficiency

of oar/blade

Improve
Technical
Efficiency

Increase
Propulsive

Power

Aerobic
Capacity

Anaerobic
Capacity

Maximal 
Strength

3� � � � � 	 � !
� � � 	 �� � �

� �* � � 	 �
 � 	

3* � � 
 #� !
. � � �� �� �



889#
 �� � �
 � � � � �� 
 � 	 � � � �� � 	9#
 �� � �
 � � � � �� 
 � 	 � � � �� � 	 88

: � � � � �! � � � � �
 � �; �<)=�* �� � � � 	 �
: - � �� � � �	 � � � 
 � � � ! �� � � �#�� �
: ' � � �� � 
 * � � � � �! �� � � � � 	 �� � �� � �#� �� ��
 
 �� � � �� �

�� � >� � � � � �� � ! ��� #
 � 	 ��� � � � �	 � � 
 ?� �! �	 � � � � � �
� 
 �� � � � �� � � � � �+
 � �

:  �� � �
 � � � � �� � 	 �	 � � � � � �! � � � �� � � � � 	 �+
 � � �
� � � �! �� �+� � 
 � � � ��
 � � � ��* � � �	 � 	



. � � 	 � �� 
 � 	 � � � �� � 	 �� � 	 � �� ��� @. � � 	 � �� 
 � 	 � � � �� � 	 �� � 	 � �� ��� @

:  �� � �	 � �� � � �
 � �� � � 	 	 � � � ��
 � �� � �� � � �� � ! �� � * �
�� � � � �

:  �� � �	 � �� � � �
 � �� � � 	 	 � � � ��
 � �� +	 
 �� � �
A
 � �� � � ��� ! � � � � ! � � �B�� � � 
 +�� �� � � � � �� �

: � �� � ���� � � � �	 � �� � � �
 � �� � � 	 	 � � � ��
 � �* � 	 � � �� � �
	 � � � � � � � �� � ! �� � � � � 
 +�� �� � � � � �� �



&� ! � � � �� � �� � �� / / �
� =5� *
=� ?�

, �� ��� �, � 
 � � � � 	 �� � �� / <�
� / � � * 7�=� )/ � ?� 7 - � � ! �, � 
 � � � � 	 �� � �� / <�

� / � � * 7
/ � C?� 7



88� �� � � �� � � �� 2� � �� � � � � � � �� � � � � �� � #� �+� � � �� �� � � �� � � �� 2� � �� � � � � � � �� � � � � �� � #� �+� � � �
� �� � � �� �! 
 � � * � � � � ! �	 � � � �� � �� � � � ! 	 �� 
 �� �� � � �� �! 
 � � * � � � � ! �	 � � � �� � �� � � � ! 	 �� 
 �
�� � � � � 	 �� � �� ! � �� �� � �� � � ��� �* 
 	 � �9� � 
 � � � � ��� � � � � 	 �� � �� ! � �� �� � �� � � ��� �* 
 	 � �9� � 
 � � � � �
� 
 � � � � �� 	 �
 �� � �� � � � � � � �� � � � 	 �
 ��� 
 � � � � �� 	 �
 �� � �� � � � � � � �� � � � 	 �
 �� � �� � ))
5� * * D! � � � ! � E5� * * D! � � � ! � E88

� 
 �� %�. EFE�� � � � �� � �. � � � ! 	 ��� �G� 
 
 � � E�� � 
 � � � ! �� � 	

 ��� � � �&� � �� �
 � �� 
 � �� � � E�� 2%�5� =)510%�1� � � E



� � ! � � 
 � �� �� � � �! � � � ��� 
 * �� � � ! � �?	 �� � �� �%��� �� 
 �� %�. EFE�� � � � �� � �. � � � ! 	 ��� �G� 
 
 � � E
� � 
 � � � ! �� � 	 �
 ��� � � �&� �� �� �
 � �� 
 � �� � � E�� 2%�5� =)510%�1� � � E

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

	 
 �� 
 � �� � � �

� � � � � � � � � � � �

� � �
 �
� 
 � � �
 �

2=�� �� � � � � � � ��� ��
 � �� � �� � � ��� �� � � � � �
1� �� � � � )
 �! 	



' ( �
 � ! �� � � 
 )1� � �
� #� � � � � � � �� � �@�� 2=� *
� #� � � � � �+
 ! � 
 � �� � �
2/ E5�?�

. � ��� � �� 
 � � �� � �
 � H�. � ��� � �9��� � �� 
 
 � � 	. � ��� � �� 
 � � �� � �
 � H�. � ��� � �9��� � �� 
 
 � � 	



� � � ��� � �� � 
 +�� * 	� � � ��� � �� � 
 +�� * 	 )) G� 
 * � � � � �
 � �G� 
 * � � � � �
 � �
�� � � � � �������� � �#
 �� * � 	 7�� � � � � �������� � �#
 �� * � 	 7

, � 	 � ! �
 � �G� 
 * � � � �� �	 � � ��� � @
� �� � � � � � �� � ! �I ' 1* � ( �
 ������ � � � � 	 � ��� �
� � 
 � 
 � � �
 � �� 
 �� � � � � � � E

, " . %��� � � � +
 ��� �� � � � 	 �
 ��

 � � � � �	 * 	 �	 � � �� �
 �� � �
� � � � � � � E

� � � @�- � 	 �%�GE, �� � �� ��� �� � � � � � ��* 
 ! � ���
 � �� � �

 � �� �� �
 ��� ��
 * � � � �� �	 � � ��� � ��� 
 	 ��� �+�
 �
 � � E�
� � �� � � � �1=<�� 11)� 1<%�� 22=E



I 'I ' 11 +
 ! � �* � 	 	 �	 � � ��� � �+
 ! � �* � 	 	 �	 � � ��� � �
�� �� ��� � �� 
 
 � � 	�� �� ��� � �� 
 
 � � 	

� � �� � �
 � 	 � �� �+� � 
 � � � �* � ( �* � �

 ( � � � � �� � � � ?� �� � ! �+
 ! � �* � 	 	 ��
 � �
� � =�� � � �	 � �� 
 
 � � 	
A� � � �
 � � ��� � � * �� � � ! �! � � � 	 B

� � 
 * @��F� � 	 � � %�$E%�F
 � � � 	 � � %�J%�� � � � � �%�&E E
3� ��� � � � � �
 ��+
 ! � �* � 	 	 �
 � �* � ( �* � ��
 ( � � � �
� � � � ?� @�� ��� � � �
 ��	 � * � �� �	 �K� E�9� �E�FE�� � � �E�� � � 	 �
 �E
/ 0@�1� � )1� � %�1� � � E

� �H�) � E52



� � � 	 � � �� � �� 
 
 �� � �� � � � ���� �� � � 	 �� � ��� � � � � �� �

� � 
 � 
 �� 
 � � � � 	 � �
 ��� � � � �L	 � 
 �* �L	 � � �%�� � � � �� � �
 �� � * � �
� 
 #� * � � � �� � �� � � � 	 %�� � � � �" � �#� � 	 �� � �� * 	 � � � ! � * %�&� �� � � �� � ! 	 �



� � 
 � 
 	 �� )0��� 
 * �� ���� �%�, E�8. � � �! � #� �
 � * � � � �
 ��� 
 
 �� � �
� >� �� * � � �8 � � � � @DD
 
 
 E� 
 
 �� � � �	 � 
 � � E� � �D� >� �� * � � �E� �*

� �

� �

� �

� �

� �



. � � �� � ( �* � * �
 �� � * � � �. � � �� � ( �* � * �
 �� � * � � �
� 
 
 � � �� � ! ��� 	 �� � � �� 
 
 � � �� � ! ��� 	 �� � � �

� � 
 * �' +	 � �#� � �
 � 	 �
 � �� � � �� � �� �� � 
 * �' +	 � �#� � �
 � 	 �
 � �� � � �� � �� �
" � �#� � 	 �� � �� � � 
 %�- �� � � � �
 ��� � � �' �� * � �� �" � �#� � 	 �� � �� � � 
 %�- �� � � � �
 ��� � � �' �� * � �� �

� � � * � �
 � 	 � �� %�� � � �	 %�� 210� � � * � �
 � 	 � �� %�� � � �	 %�� 210

 � � ! � � 	 
 � %�� �� � ! � � � � � � ! %� E- E�� * � � �� � � �FE�� � � 	 �
 �
 � � E�=1%�1<0)1/ 1%�� 21�

 � �� � �@�� / � �� *
- � �� � �@�/ 1�?�

� � � 
 �� #� � � � � @



9	 ��* � � � ! �� ( � � � � � ��
 
 �?�� � >� �� � !
� � �� � � �� � �	 � � � ! �+� 	 � ! �
 � @

� E�, 
 � � �� � ���� � �* � � 	 � � � * � � � 	
1E�- 
 �?�
 � � � � � �
 � �� �� 
 
 �� �

* � � � �� �
5E�� 
 
 �� � �� � � 
 * � � � � �I ' 1

* � � 	 � � � * � � � 	 �A+� ��! �! �� 
 � �
� 
 �� 
 �* � ( B

9	 ��* � � � ! �� � �� ( � � � � � ��
 
 �?�� � >� �� � * � � � �

 ��; <�� � �
 � �� 	 D* �� �
 � �A� 	 	 � * �� � �1� 6 �
� ���� �� � � � B
5� �� � �
 � �� 	 D* �� �� � � � � � �� ( � � � ! �� � � � E

9>� � �	 �; �<�J�� � �D* �� �' 1 � 
 	 �

� 	 	 � * � ! �0�JD* �� �I ' 1 * � ( �� � ! �1�JD* �� �
� � � � � 
 +�� �� 
 � � � �+� � �
 � �! � � �� � �<�* �� �� � � � E�

. � � �� � � 
 * � � � � �
 ��� � � �! � � �� � ! �� 
 �+� �� � ! � 	 �� � � ! �� 
 �
� ��
 
 �� �>� � � � ���� � � �
 � �
 ��
 
 �?�� � ! �� 
 
 � �E



� 2=� 	 �� 2=� 	 � )) I 'I ' 1�1�* � ( �#	 �+
 � � �� �� � � * � � � �* � ( �#	 �+
 � � �� �� � � * � � � �
�� ��� � � � � � � �
 � � ��� � � � � � ��� ��� � � � � � � �
 � � ��� � � � � � �

� � 
 * �� � � � � � �& E�� 
 
 �� � E
� � � 	 �
 �
 � � �
 ��� � 
 � � 	 �
A� ! E�� � ��� � �� � �� �B
� � �1� 2)1/ <E



� 25�� * %�21�?� �<E15�JD* �� �I ' 1 � � � ��� � E���
� � +L� � � �� � � � � � ! �<E� �� 
 �<E0�JD* �� �! � � �� � �
� � � � � � � ! �� � 	 � �� � ��� �! ���� � � � � �+
 � � 	 E

F� � ?	 
 � %�� E� E�� � ! �&E� E�� � � � � �E
. � � �� � � 
 +�� �! � * � � ! 	 �
 ��� 
 
 �� � ���
� 
 
 �' �� * � �� �� 
 
 � � 	 E��� � ! E�� � �E�
� � 
 � � 	 �9( � � � E��/ A5B@�� </ )� =� %�� 2=<E



� � � 
 +�� �� � � � � �� � �� � #� �
 � * � � � 	 �7� � � 
 +�� �� � � � � �� � �� � #� �
 � * � � � 	 �7

� �E�� � � ! � � � � � * � �

�

3

3,5

4

4,5

5

5,5

6

6,5

7

1860 1910 1960 2010

Year

V
O

2 
m

ax
 (

L
/m

in
)

7 7

� � � � � � 

' � �
 �" � �#� � 	 �� �

7



<E5�JD* �� %�=� �?� %
/ � �* �D?� D* ��
1=� �* �D?� � E=5D* ��

8. � � �� � ��- 
 � �! �� �� 	 	 8
M� �	 ?�� � 	

=E� �JD* �� %�2� ?� %�A� 
 � �* � � 	 � � � ! B�
=2�* �D?� D* �� %
1=� �* �D?� � E=5D* ��

� ��
 * � � � �� � ��� �� >� �#� �� � � �� 
 
 � �7

7



 
 
 �* � � � �
 ��� � � �
 � * � � � � ��* � � 
 #� * � � � ��	 � 
 
 �* � � � �
 ��� � � �
 � * � � � � ��* � � 
 #� * � � � ��	 �
� � � � �+� � � +�� �� 
 ��� � � � � 	 � ! �� � � 	 �� � ��! �* � � 	 �
 � 	 7� � � � �+� � � +�� �� 
 ��� � � � � 	 � ! �� � � 	 �� � ��! �* � � 	 �
 � 	 7

16

06 �

0

1

2

3

4

5

6

Lightweight Heavyweight 

V
el

oc
ity

 (
m

/s
) 

 

Males
Females

! � � 
 " �# �$ �%&' �( 
 � &�� �
)(#� �� &� 
 (  
 �#* 
 (+

: � �, 
 � ( �
: � �- #� � �� , ' 
 �
: � � � �� �' �� � 
 �



� �	 � �� � �=�� E* @�� � � �� � � )1� �
� � � ! 	 �� 	 ��� 	 � �� 	 �� 
 	 	 �+��

� +
 � � �� @5� @��� � � � � ��
 � �� � � �� �#� � �� � ! �� 
 

�
 � �� � � �	 � � � � �� � �� 
 	 � �� � ! �+� � ?

� � � ?
 � �� � �� �� � ���� � �� 
 � � ��� �� 
 
 �� � �� 
 �� � !
� � ���� � �� 
 � � ��� 
 * ��� � � �	 � � � � �� � �� 
 �� �%�� � ! ��
>� � � � � � �
 ��� � ��� 
 � � ��
 � �� � � �* 
 � � �� � �� � � ) �� �� ��%
	 � � %�
 � � �� � ! �� �>� � � � � � �� 
 � � 	 E



" � �&� � �
 � � ��" � �&� � �
 � � ��
. � � * �� � � �� �� �. � � * �� � � �� �� �
! � � �� � �� � � ?�! � � �� � �� � � ?�
�
 � ! �� � �� � � �
 !�
 � ! �� � �� � � �
 !

5�	 � 	 	 �
 � 	 D! � �
5� C�� �D
 ?

� � 
 * �" � �- 
 * � � 4	
� � � �
 � � ��� � � * �
� 22<

Mon 8:00 Weights 120 min

10:00 Row 70 min Steady state in pairs HR 144-148

4:00 Row 100 min Steady state in pairs HR 140-144

Tues 8:00 Row 2 x 5x5 min ON/1 min OFF in 
pairs

HR 180-185

10:30 Erg 12 kilometers HR 150

4:00 Row 100min Steady state in eight

Wed 8:00 Weights 120 min

10:00 Run 3 x 10 laps 160-175

4:00 Row 100min steady in eight 140-148

Thurs 8:00 Row 2 sets 12 x 20 power strokes in 
eight

10:30 Erg 75 min (about 17500m) 140-148

4:00 Erg 3 x 20 min 140-148

Fri 8:00 Weights 120 min

10:30 Erg 15 km 140-160

3:30 Row 90 min steady state in eight 144-170

Sat 9:00 Row 90 min steady state in eight 140-160

3:00 Row 90 min steady state in four 144-170

Sun 9:00 Row 3 sets 4 x 4 min ON/1 min OFF 
in pairs

180-190
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