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Summary: Aim of this study was to compare relation between maximal anaerobic power output and 

2,000 m test on rowing ergometer and relation between 6,000 m test and 2,000 m on rowing 

ergometer. It can be assumed that 2,000 m performance on rowing ergometer will significantly 

correlate with maximal anaerobic power output and 6,000 m performance.  A group of 9 well-

trained rowers (age: 18.3 years ± 2.8 years, sport age: 4.9 years ± 3.7 years, weight: 78.9 kg ± 12.2 

kg, height: 182.3 cm ± 7.6 cm) performed three tests in 1 week to determine maximal anaerobic 

power, 6,000 m and 2,000 m performance on Concept 2 model D rowing ergometer. A value of 

simple maximal stroke out of 10-second all-out test with drag factor set to 200 was taken as a 

measure of maximal anaerobic power. Drag factor for 6,000 m and 2,000 m test was set 

individually. Average power during these tests was record. Research showed that both maximal 

anaerobic power and 6,000 m test correlated with 2,000 m test on rowing ergometer significantly 

(rmap = 0.93 p < 0.01, r6k = 0.95 p < 0.01). Maximal anaerobic power and 6,000 m tests seem to be 

good predictors for 2,000 m score on rowing ergometer. However, maximal anaerobic power test 

can be used to monitor rowing performance during specific training cycle instead of longer and 

more demanding 6,000 m test. 
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  Introduction 

Rowing is a strength endurance sport which is performed by cyclic form of 

movement. Rowing competitions are held mostly on 2000-meter racecourse which is also 

length of Olympic race. In average, boat speed can reach 5.5 m.s-1 depending on boat class. 

Duration of race is from 5 min 40 s to 9 min with 200 – 250 total strokes depending on 

category. Stroke rate is individual, relates to maturity and performance level of crews and 

is from 30 to 48 strokes per minute (Schickhofer 2010). According to Steinacker (1993) 

power per stroke in an elite men’s eight averages 450 to 550 W, but can be as high as 

1,200 W.  

Energy for moving the boat during the race comes from aerobic and anaerobic 

energy systems. Many studies on elite male rowers suggest that average 2,000 m race is 

covered to 80 – 85 % by aerobic and   20 – 15 % by anaerobic energy. Maximal aerobic 

power (VO2max) is one of the most commonly measured physiological variables. It is the 

best measure of the functional limits of the cardiorespiratory system and is often used as 

measure of physical fitness. VO2max is the variable most often correlated to rowing 

performance (Ingham et al. 2002; Reichman et al. 2002). Maximal aerobic power can be 

estimated as the average power output from a 6,000 m test because of its duration 

(approximately 20 minutes). Anaerobic capabilities are particularly important off the start 

and in the final 250 m of the race. A single parameter of anaerobic ability is maximal 

anaerobic power. It can be measured as the maximum power of a single maximal stroke 

out of 10-second all-out test with the ergometer set to drag factor 200. Maximal anaerobic 

power has started to emerge as a strong predictor of rowing performance. Nolte (2011) 

showed that even though power at VO2max was considered the best predictor of rowing 

performance, maximal anaerobic power on a rowing ergometer was highly correlated to on 

water rowing performance than VO2max measured on a rowing ergometer. Similar results 

have been demonstrated on a group of female rowers where maximal anaerobic power 

correlated with 2 km ergometer time (r = 0.87). Also changes in maximal anaerobic power 

were significantly correlated to changes in 2 km ergometer performance (Reichman et al. 

2002). 

Muscle fibres can be divided into two categories. Slow-twitch (ST) fibres and fast-

twitch fibres, which can be subdivided into three categories - fast-twitch glycolytic (FT), 

fast-twitch oxidative glycolytic (FOG) and undifferentiated fast-twitch fibres (FTc) (Nolte 

2011). Fibre-type studies have shown that rowers’ muscles are composed of 70 – 85 % ST 
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fibres. In addition elite rowers ST fibres are hypertrophied and there is no significant 

difference between the cross-sectional areas of FT and ST fibres (Hagerman & Staron 

1983; Larsson & Forsberg 1980; Roth et al. 1993; Steinacker 1993). This is something that 

is unique to rowers. Generally FT fibres are larger than ST fibres. Typical of many rowing 

programs is high volume of low- to moderate-rate rowing which can cause hypertrophy of 

ST fibres of rowers. Only 4 – 9 % of the fibres are of the FT type in both international and 

national level rowers. The skeletal muscle of rowers is composed largely of ST and FOG 

muscle fibres (Nolte 2011).   Low ratio of FT type fibres which was observed in successful 

rowers by more authors (Hagerman & Staron 1983; Larsson & Forsberg 1980; Roth et al. 

1993; Steinacker 1993) might be affected by duration of active rowing career. 

Nevertheless, the knowledge of physiology, it is known that long-term preparation is not 

affecting the ratio of muscle fibres. This means that successful rowers are limited by 

genetic proportion of muscle fibres.  

Theoretically, there would be difference in maximal power output between two 

rowers with same 2,000 m score but different sport age. It can be assumed that rower with 

less experience would have higher maximal anaerobic power output because it depends on 

number of FT type fibres. 

Rowing represents unique sport requiring high levels of both strength and aerobic 

power. According to Nolte (2011) typical maximal anaerobic power scores for 

heavyweight men – 900 to 1,100 W and lightweight men – 650 to 800 W. Average power 

output during 2,000 m test should be 40 to 45 % of peak power. According to Steinacker 

(1993) forces of 1,000 – 1,500 N are needed in the start of the race, 600 – 800 N in the start 

phase, 500 – 700 N during the race, and 600 – 700 N for the finish (Figure 1). These data 

indicate that rowers need a high level of maximal strength and strength endurance.  
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Figure 1 
Peak force and stroke rate during 2,000 m race (Steinacker, 1993) 

 

According to Hagerman & Staron (1983) and Larsson & Forsberg (1980) force 

production of rowers is pronounced namely at low velocities. This may be due to the large 

percentage of slow-twitch fibres found in competitive rowers. Earlier studies by Hagerman 

et al. (1978) and Roth et al. (1983) have shown lower reliance on aerobic metabolism 

during racing. Aerobic demand was about 67 – 70 % of the typical 2,000 m race. However, 

VO2max in rowers increased by 12 % since 1980 and the amount of training dedicated to 

anaerobic exercise decreased from 23 to 7 hours per month (Fikerstrand & Seiler 2004). 

Nevertheless, many coaches still rely on endless hours of aerobic training. They forget the 

importance of higher intensity anaerobic training, which can make the difference between 

winning and losing race. Therefore, the aim of this study was to elucidate relation between 

maximal anaerobic power output, 6,000 m and 2,000 m rowing performance on a group of 

well-trained rowers.  

  

Aim  

 Aim of this study was to compare relation between maximal anaerobic power output 

and 2,000 m test on rowing ergometer and relation between 6,000 m test and 2,000 m on 

rowing ergometer.  

 

  Methods 

A group of 9 well-trained rowers (age: 18.3 years ± 2.8 years, sport age: 4.9 years ± 

3.7 years, weight: 78.9 kg ± 12.2 kg, height: 182.3 cm ± 7.6 cm) performed three tests on 

rowing ergometer Concept 2 model D to determine maximum anaerobic power (10-second 

all-out test), average power at 6.000 meter performance and average power at 2,000 meter 

performance. 

Maximum anaerobic power was measured by means of a 10-second all-out 

ergometer test. On a Concept II model D, rowers did warm-up by rowing easy for 10 

minutes (intensity 40 % VO2max) (normal drag factor). At the end of warm up rowers 

came to a full stop, let the fly wheel stop and set the drag factor to 200. High drag factor is 

necessary to provide adequate resistance so that rowers can produce a true maximal 

anaerobic power. Lower drag factors do not exert enough resistance and rowers generate 

lower power. From a stopped flywheel rowers started to row as hard and as fast as possible 
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for 10 seconds. A value of single maximal stroke out of 10-second all-out test was taken as 

a measure of maximal anaerobic power. Rowers did not use race start, but from first stroke 

they rode full slide. Then rested for 5 minutes with easy rowing (intensity 40 % VO2max) 

and repeated 10-second test again. The best attempt of two was recorded. In all group it 

was second attempt, because of learning effect, which described McNeely (2009). 

Group of rowers did this maximum anaerobic power test in warm up before 

competition in 2,000 meters. Like normally, rowers set their drag factor individually. It is 

not necessary to put high drag factor, because strokes cannot be so strong, because of 

lasting of tests. It is not possible to produce so high strength strokes for more than 6 

minutes, what is normally time for 2,000 meter test. Mean power of 2,000 meter was 

captured. 

6,000 m test was performed one week after maximal anaerobic test and 2,000 m test 

as part of Slovak National Rowing Federation winter trials. Drag factor was set 

individually as in 2,000 m test. Mean power of 6,000 m was captured. 

Statistical analysis 

To estimate relationship between maximum anaerobic power output and 2,000 m 

test and between 6,000 m test and 2,000 m test on rowing ergometer was applied 

nonparametric Spearman’s rank correlation. The significance level was set to p < 0.01. 

 

Results and discussion 

 Data obtained (Figure 2) demonstrated significant correlation (r = 0.93 p < 0.01) 

between maximal anaerobic power output and mean power output at 2,000 m simulated 

race (Figure 3). There was significant correlation (r = 0.95 p < 0.01) also between mean 

power output at 6,000 m and 2,000 m simulated race (Figure 4).  
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Figure 2 
Data obtained by the measurements 

These results are in accordance with interpretation of maximal anaerobic power test 

as predictor for 2,000 m result (Bourdin et al. 2004). However, they demonstrated in study 

of 54 highly trained rowers that maximal anaerobic power test (r = 0.92) is better predictor 

than VO₂max (r = 0.84). We found similar correlation (r = 0.93) between maximal 

anaerobic power output and 2,000 m test but a little higher correlation (r = 0.95) between 

6,000 m and 2,000 m tests. Nevertheless, our study might be limited by number of 

participants. Traditionally, many coaches use longer and more exhaustive tests to predict 

improvement in rowing performance such as 5,000 m test and 6,000 m test which represent 

VO2max level. Anyway, these results show that anaerobic part of performance is as 

important as aerobic part and it can be anaerobic part that makes the difference in rowers 

and crews whose aerobic fitness level is equal (Nolte 2011).  

The case may be the role of individuality, when one proband may achieve high 

performance in maximal anaerobic test and low performance in 6,000 m and the other way 

round. In future, it would be interesting to see the impact of power or endurance training 

on one or the other type of rowers.  

 It would be interesting if further research would contain larger group of rowers to 

get more accurate results. This would provide better comparison of tests with same 

research sample and same equipment. Other research could observe correlation between 

2,000-meter test and maximal power output through year-long training cycle because there 

is difference in volume of strength training during single periods of training cycle.  

p.p. a.d. b.s. a.s. d.p. r.v m.s o.k. l.j.

maximal anaerobic power (W) 599 585 724 846 925 852 897 1005 1024

2000 m avarage (W) 251 266 312 355 355 381 386 399 435

6000 m avarage (W) 205 237 253 287 289 296 314 293 350
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 We don’t recommend to use maximal anaerobic power test as predictor of 2,000 m 

performance or adaptation to specific training cycle for beginners. The hypertrophy of ST 

type fibres and lower adaptability of FT type fibres can occur because of adaptation to 

rowing training which can distort results of maximal anaerobic power test. 

 

 

Figure 3  
Correlation between 2,000 m test and maximal anaerobic 10 s all-out test 

 

 

Figure 4 
Correlation between 6,000 m test and 2,000 m test 

 

Conclusion 

There was highly significant correlation between maximal anaerobic power test and 

2,000 m test (r = 0.93; p < 0.01) and between 6,000 m test and 2,000 m test (r = 0.95 p < 

0.01). High correlation in both cases confirmed use of both tests as predictors of 2,000 m 
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rowing ergometer performance. However, we recommend to use maximal anaerobic power 

output test because of its shorter duration and lower energy demands.  
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