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Abstract 
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At the start of a rowing race, the boat is ac- 
celerated and the force on the oars reaches between 1000 and 
1500N. During the race, the speed is maintained at a lower 
level with a peak rowing force of 500-700N for 210-230 
strokes for about 6.5 min. Rowers are adapted to this effort by 
a large muscle mass and high metabolic capacities. 

The muscles of successful rowers demon- 
strate 70%-85% slow-twitch fibers. Both slow- and fast- 
twitch fibers have increased oxidative enzyme activities re- 
flecting elevated number and density of mitochondria. Rowing 
force and boat velocity correlate to maximal oxygen uptake 

(V02) which reaches 6.0-6.6 1 .min-l (65-70 ml .min-l. 
kg-') and to the TO2 during a race. In turn, the TO2 during a 
race is related to slow-twitch fibers content of the muscles, 
also to the aerobic-anaerobic threshold (AAT) and inversely 
related to the maximal blood lactate level. The AAT is 80 %- 
85 % of maximal performance in highly trained rowers. 

In successful rowers training intensity is 70 % 
-90 % of the training time below the AAT. Training eliciting 
a blood lactate above 4.0mmol11, sprint training and athletics 
training complete the training schedule, which may reach 
1000 h, or 5000-7000 km per year. 
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Introduction 

The typical rowing competition takes place on 
a 2000-m course and lasts 6-7min. During the competition, 
anaerobic alactic and lactic as well as aerobic capacities are 
stressed to their maximum. A large body muscle mass is in- 
volved in rowing and the maximum oxygen uptake (V02max) 
of oarsmen is among the largest values recorded (7,10,16,18, 
26,28,52,61,63,71). 

Rowers are large and heavy because their body 
weight is supported while seated in the boat. Rowing involves 
approximately 70 % of the muscle mass because all extremities 

and the trunk participate in the propulsion of the boat. Rowing 
is a cyclic movement, where both legs and arms work synchro- 
nized. The body is moved on a sliding seat by the propulsion of 
the legs during the stroke, while pulling on one (sweep rowing) 
or two oars (sculling). 

During training 15-40 strokeslmin are used 
and from 32 to 38 strokeslmin during a race in the single scull 
corresponding to a stroke duration of 0.6-2.2s. In the coxed 
weight, the stroke rate may reach 48 strokeslmin at the start. In 
the starting phase, the peak force is 1000- 1500 N and the force 
levels off at 500-700N during the middle part of the race 
(Table 1). Between 210 and 230 strokes are performed during 

Table 1 Stroke rate, peak force, peak power, work and power per stroke and average power for stroke and recovery during a typical 
rowing race in the single scull. Results are compiled from biomechanical measurements and evaluations in the former department of 
biomechanics of the Humboldt-Universitat at East Berlin and the center of rowing research of the former East Germany (courtesy of 
P. Schwanitz and W. Roth). 

Time Stroke Peak Peak Peak Work per Power per Average 
rate force velocity power stroke stroke power 

(min, s) (Ilmin) (N) (m/s) 0 (Nm) (w) (w) 

Startspurt 0-10s 36-42 1000-1500 3.0-4.0 2500-3000 900-1100 800-1200 600-700 
Start phase 10-60 s 34-38 600- 800 2.2-3.5 1400-2800 800- 950 700-1000 450-600 
Race 1- 5min 30-36 500- 700 2.0-2.2 1000-1600 650- 800 600- 900 350-450 
Final spurt 5- 6 min 34-38 600- 700 2.2-2.8 1300-1800 700- 800 750-1000 400-500 
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