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1. Introduction  

 

Rantau Baru has a relatively large area of rivers, 
oxbows, and peat swamps (Nofrizal et al 2022). The water 
area also provides considerable fishery potential. There are 
at least 44 species that have economic value in these waters 
(Nakagawa et al 2021; Nofrizal et al 2022). Therefore, most 
of the Rantau Baru people, both men and women, work as 
fishers to meet their daily needs (Nofrizal et al 2022). 

The study of fish behavior plays an essential role in the 
management of fishery resources (Wardle 1993; Parrish 
1999; Winger et al 1999; Nofrizal and Ahmad 2015), 
especially in the development of fishing methods and 
techniques (Uyan et al 2006; Nofrizal 2009; Killen et al 2015), 
as well as in cultivation (Nofrizal and Arimoto 2011). The 
behavior and swimming performance of fish are also 
important information in managing aquatic resources for 
conservation purposes. Most studies on the swimming 
performance of fish focus on marine fish species (Breen et al 
2004; Clark et al 2005; Nofrizal et al 2020a). Meanwhile, the 
number of studies on freshwater fish is quite limited (Zeng et 
al 2009; Oufiero et al 2011; Kern et al 2018). Meanwhile, 

ecosystem management for fish habitat for conservation 
purposes requires considering specific fish behavior, such as 
fish swimming speed and endurance. 

Meanwhile, reciprocal relationships also occur in 
aquatic ecosystems, where habitat influences fish behavior, 
including the swimming performance of these species. 
Ecosystems can shape the characteristics of the habitat 
where each species lives. Habitat conditions affect the 
biology and physiology of fish living there, affecting their 
ability and swimming behavior (Larsson et al 2006). 
Therefore, this research must be conducted to add 
information about the swimming characteristics of fish. 
Based on the explanation above, research on the swimming 
performance and speed of fish in different habitats, namely 
rivers, oxbows, and swamps, must be carried out to enrich 
the information on these fish species' biology and ethology 
data. 

A little information about swimming behavior and 
performances, including fish speed and swimming 
endurance, which is one of the considerations in developing 
environmentally sound fishing technologies and methods, is 
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the main problem in this study. Meanwhile, information 
about fish speed and swimming performance is also the basis 
for consideration in managing fishery resources in inland 
waters, such as rivers, lakes, reservoirs, oxbows, and swamp 
waters which are also needed for conservation and 
cultivation purposes (Nofrizal and Arimoto 2011). This study 
aims to determine the swimming performance and behavior 
of fish living in river and swamp ecosystems, especially for T. 
pectoralis, B. schwanenfeldii, O. gouramy, and W. leeri. 
Meanwhile, the specific purpose is to determine these four 
species swimming abilities and speeds, including sustained, 
maximum sustained, prolonged swimming speed, and burst 
speed. Information regarding these four categories of 
swimming speed is urgently needed in the utilization and 
management of fishery resources. 

 

2. Materials and Methods 
 

A series of observations and experimental methods 
were carried out to observe and identify the four species of 
fish that were the object of research based on their living 
habitat, divided into three places: rivers, oxbows, and 
swamps. In contrast, the experimental method is used to 
measure and test the swimming speed of fish in the flume 
tank (Figure 1). 

Swimming speed and endurance were observed at the 
Laboratory of Fishing Gear, Department of Aquatic Resources 
Utilization, Faculty of Fisheries and Marine Science, Riau 
University. Observation of fish swimming speed and 
endurance was carried out in the laboratory so that 
environmental parameters can be controlled and regulated 
according to the desired conditions and by the natural 
conditions in which the test fish habitat lives, such as 
parameters of water temperature and light intensity when 
swimming. Experimentation and testing are underway 
 

2.1. The current velocity in a swimming channel of the flume 
tank 
 

The velocity of the current in the swimming channel 
has a positive correlation with the rotation of the propellers 
of the current tank (Figure 2). The faster the impeller rotates, 
the faster the current speed in the swimming channel; this 
was indicated by the high coefficient of determination (R2 = 
0.8). Each position of the current speed measurement shows 
a varying speed. Therefore, the analysis of the swimming 
speed of fish in this swimming channel uses a linear 
regression coefficient. 

 

 
Figure 1 Schematic of observation and testing of fish swimming speed and endurance in a flume tank. 

 
The use of the regression coefficient in observing and 

determining swimming speed was based on the fact that the 
swimming position of fish when swimming for 12000 seconds 
was not in a fixed position in the swimming channel (Nofrizal 
2009). So by calculating the regression coefficient, it was 
expected that swimming speed data analysis would have a 
relatively high level of accuracy. 
 

2.2. Sample size determination 
 

Sampling was conducted in nature in rivers 
(mainstream), hoof lakes (oxbows), and swamps around 
Rantau Baru Village. Fish samples taken were B. 
schwanenfeldii, T. pectoralis, O. gouramy, and W. leeri. As far 
as possible, the sample size was taken from a relatively same 
size with the slightest possible standard deviation. Fish of the 
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same size are more likely to come from the same age group. 
Samples were collected from fishers, then stored for 
transportation to the Fishing Materials and Equipment 
Laboratory, Faculty of Fisheries and Marine Science, Riau 
University in an aquarium measuring 100 x 50 x 50 cm. which 
is equipped with a portable aerator so that the condition of 
the dissolved oxygen content in the water in the storage well 
maintained. 

Body length measurements of the four species were 
taken as Body Length (BL), measured from the tip of the fish 
mouth to the base of the tail or the tip of the tailbone of the 
fish. It is because the four species of fish tested for swimming 
speed and endurance have different tail shapes. The standard 
length will make it easier to standardize the sizes of the four 

fish species. Data on fish speed and swimming endurance 
were taken from a swimming endurance exercise in a flume 
tank in seconds. This data is taken from experiments with 
different current speeds for each species and each individual. 
The swimming channel of the flume tank will be given black 
square lines (Figure 1) to maintain their position due to the 
fish optomotor response when the current was given 
(Nofrizal et al 2009; Nofrizal and Arimoto 2011; Nofrizal et al 
2012; Nofrizal 2015; Nofrizal et al 2015; Nofrizal and Ahmad 
2015; Nofrizal et al 2020b). Under these conditions, the 
swimming speed of the fish will be the same as the current 
speed of the flume tank. Meanwhile, the swimming behavior 
of the fish was observed and recorded using a high-speed 
video camera.

 

 
Figure 2 Relationship between impeller rotation and the current speed in the swimming channel of the current tank, which is regulated by 
the inverter. 

 
 Fish swimming speed will be grouped into four 

categories (Webb 1975), i.e., sustained speed, defined as 
when fish can survive swimming for more than 200 minutes. 
The maximum sustained speed is the swimming speed of the 
fish that exceeds the sustained speed, where the red and 
white muscles work when swimming. At this speed, 
swimming endurance decreases drastically because the fish 
are exhausted (Nofrizal et al 2009; Nofrizal and Arimoto 
2011; Nofrizal and Ahmad 2015; Nofrizal et al 2020a). The 
next is prolonged speed, a faster swimming speed where the 
fish swim for more than 15 seconds and less than 200 
minutes due to fatigue. And the last is the maximum 
swimming speed (Burst Speed) in which fish can only swim 
for less than 15 seconds (Nofrizal et al 2009; Nofrizal and 
Arimoto 2011; Nofrizal et al 2012; Nofrizal 2015).  

 

2.3. Data collection  
 

Data on the speed and swimming endurance were 
obtained from the following research procedures. First, all 
fish samples were acclimated in a 100 x 50 x 50 cm aquarium 
to relieve stress during transport from the fishing area to the 
laboratory for one week. Both experiments started by 
adapting the fish in the swimming channel for 10 minutes 

without current. Continue adaptation with low current speed 
(2-3 cm/s) for 30 minutes. Third, each individual is tested for 
swimming endurance at different speeds for 200 minutes. 
Observations were stopped when the fish was tired and 
stopped swimming before 200 minutes. Fourth, fish 
swimming activity was recorded at different speeds using a 
video camera, recorder, and timer to obtain tail beat 
frequency data at different speeds moreover, fifth, 
swimming speed and endurance data for each of the four 
types. Individual fish were recorded and then analyzed. 
 

2.4. Data analysis 
 

The relationship between fish swimming speed and 
tail beat frequency was analyzed by linear regression, as 
follows U = a + b (Hz), where U is swimming speed, a is the 
slope, b is intercepted, and Hz is a tail flick (tail beat 
frequency). The swimming endurance data of fish were 
analyzed to obtain the swimming curve of fish at different 
speeds using the following equation, Te = Lon (a+b.U), where 
Te is the swimming endurance of fish. Estimated maximum 
sustained and burst speeds were analyzed by substituting the 
linear regression equation of the relationship between 
swimming speed (U) and fish swimming endurance (Te) with 

Current speed (cm/s)= 0.9532 (HZ) + 7.803
R² = 0.8183
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the following equation, U max. sustained/burst = (LonE-b)/a, 
where, E = fish endurance time in seconds. 

Tail beat frequency analysis was critical in this 
research. The tail beat plays an important role in fish 
swimming speed. In addition, it also determines the 
swimming endurance of fish which can determine the 
boundary between maximum sustained, prolonged 
swimming speed and maximum (burst) swimming speed. The 
tail beat analysis was conducted by calculating one-period 
frequency (seconds) (Figure 3). Then proceed by using linear 
analysis, in which the equation is as follows. Y = a+bx, Where 
Y is the swimming speed of the fish, a slope, b is the intercept, 
and x is the swimming speed of the fish in seconds.  

 

 
Figure 3 Calculation of tail beat frequency performed using a high-
speed camera video camera. 
 

3. Results 
 

The swimming speed of the fish examined is the same 
as the current swimming speed in the swimming channel of 
the flume tank, so the swimming endurance of the fish is 

based on the swimming speed, which is regulated by the 
current speed in the swimming channel can be adjusted using 
the inverter found in the flume tank. From the swimming 
speed and endurance of the four species observed, some 
differences will be described in this research report in detail. 

 

3.1. Endurance and swimming speed 
 

Figure 4 shows the same swimming speed relationship 
trend between the four species tested for endurance and 
swimming speed. The faster the swimming speed of the four 
species, the lower their swimming endurance. The four 
species tested showed that the B. schwanenfeldii had good 
swimming ability, with high swimming speed and endurance. 
Meanwhile, W. leeri is a fish with the lowest endurance and 
speed compared to T. pectoralis. 

From the regression equation for the relationship 
between swimming speed and swimming endurance of the 
fish, it can be estimated that the maximum sustained 
swimming speed and the burst can be estimated. The 
estimated maximum sustained swimming speed of B. 
schwanenfeldii has the highest swimming speed of T. 
pectoralis, O. gouramy, and W. leeri, which is 5.1 BL/sec, and 
the highest burst speed is 14.2 BL/s. Meanwhile, the 
maximum sustained swimming speed of O. gouramy was 1.6 
BL/s, and the maximum swimming speed was 7.2 BL/s. The 
maximum sustained swimming speed of the T. pectoralis is 
higher than that of W. leeri, which is 1.2 BL/s, and a burst 
speed of 5.7 BL/s. These four species lowest swimming speed 
and endurance is the W. leeri, which is 0.5 BL/s for maximum 
sustained swimming speed and 2.4 BL/s for burst speed 
(Figure 4).

 
Figure 4 Relationship between endurance and swimming speed of O. gouramy, T. pectoralis, B. schwanenfeldii, and W. leeri. Solid line is O. 
gouramy, a broken line is T. pectoralis, a dot line is B. schwanenfeldii, and the combination between the broken line and dot line is W. leeri. 
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The sustained swimming performance of fish is the 
range of fish swimming speed that does not affect the 
physiological conditions of fish for a long time to swim. The 
swimming curve in Figure 5 illustrates the swimming 
performance from the aspect of speed and endurance, 
indicating a range of sustained swimming speeds. B. 
schwanenfeldii has a range of sustained swimming speeds 
higher than O. gouramy, T. pectoralis, and W. leeri, which is ≤ 
5.1 BL/s. O. gouramy had a sustained swimming speed range 
of ≤ 1.6 BL/s, T. pectoralis ≤ 1.2 BL/s, and W. leeri ≤ 0.5 BL/s. 
The swimming curve above shows that B. schwanenfeldii's 
swimming performance and endurance are faster and longer 
than O. gouramy, T. pectoralis, and W. leeri (Figure 5). 

 

3.2. Tail beat and swimming speed 
 

The swimming speed of the fish is closely related to 
the beat of the fishtail; the faster the beating of the fish tail, 

the higher the swimming speed (Figure 3). The tail beat 
activity of the four species observed for their swimming 
performance in this study positively correlated with their 
swimming speed. The higher the tail beat activity, the faster 
the swimming speed. B. schwanenfeldii's has a more active 
tail beat activity when compared to O. gouramy, T. pectoralis, 
and W. leeri (Figure 6). 

The amplitude of the fish's tail beat was the height of 
the tail fin waving when the fish is swimming. The amplitude 
of the fishtail waving was positively correlated with the 
swimming speed of the four species observed. A high 
swimming speed requires a high amplitude (Figure 7). The tail 
waving amplitude has a close relationship with the swimming 
speed of the fish; the higher the tail waving amplitude, the 
higher the swimming speed of the fish (Figure 7).

 

 
Figure 5 Swimming curves of O. gouramy, T. pectoralis, B. schwanenfeldii, and W. leeri. Solid line is O. gouramy, a broken line is T. pectoralis, 
a dot line is B. schwanenfeldii, and the combination between the broken line and dot line is W. leeri.  

 
 

 
Figure 6 Relationship between tail beat and swimming speed. A solid line is O. gouramy, a broken line is T. pectoralis, a dotted line is B. 
schwanenfeldii, and the combination between the broken line and the dotted line is W. leeri.  
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Figure 7 Relationship between tail beat amplitude and swimming speed. A solid line is O. gouramy, a broken line is T. pectoralis, a dotted line 
is B. schwanenfeldii, and a combination between the broken line and the dotted line is W. leeri.  

 
Figure 7 shows that the tail beat activity of the four 

fish species observed was closely related to their swimming 
performance, which includes swimming speed and 
endurance (Figures 4 and 5). B. schwanenfeldii had higher tail 
beat activity than O. gouramy, T. pectoralis, and W. leeri. W. 
leeri had the lowest tail beat activity of the three species 
observed for its swimming performance.  

 

3.3. Tail wagging amplitude and swimming speed 
 

Figure 7 shows that the tail beat amplitude of O. 
gouramy is the highest of the other four species, reaching a 
maximum of 1.6 cm for a swimming speed of 8.6 BL/s. The 
maximum tail beat amplitude of B. schwanenfeldii and T. 
pectoralis reached 1.0 cm to obtain a maximum swimming 
speed of 7.3 BL/s for T. pectoralis and 13.3 BL/s for B. 
schwanenfeldii. Meanwhile, the maximum amplitude 
generated by W. leeri's tail waving was 0.2 cm, producing a 

swimming speed of 2.4 BL/s as the maximum swimming 
speed observed in a swimming channel. 

 

3.4. Tail beat amplitude and tail beat frequency activity 
 

The fishtail beat activity determines the swimming 
speed while producing the fishtail beat rhythm is influenced 
by the high amplitude of the fishtail waving. Figure 8 shows 
that the higher the amplitude of the fishtail waving, the faster 
the fishtail waving rhythm. Although O. gouramy was not the 
fastest swimming fish out of the four fish species tested, the 
tail beat amplitude of O. gouramy was the highest, 1.6 cm, 
which can produce a tail beat of as much as 11.5 Hz. The 
maximum tail beat amplitude of B. schwanenfeldii can reach 
1.0 cm to produce a maximum tail beat rhythm of 10 Hz. 
Meanwhile, O. gouramy has a maximum tail beat amplitude 
of 0.2 cm to produce a maximum tail beat rhythm of 5 Hz 
(Figure 8).

 
 

 
Figure 8 Relationship between tail beat amplitude and tail beat frequency activity. The solid line is O. gouramy, the broken line is T. pectoralis, 
the dotted line is B. schwanenfeldii, and the combination between the broken line and the dotted line is W. leeri. 
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4. Discussion 

 

Swimming performance data is required to develop 
fishing methods and techniques (Nofrizal 2009; Nofrizal and 
Arimoto 2011; Nofrizal et al 2012; Nofrizal 2014; Nofrizal 
2015; Nofrizal and Ahmad 2015). The swimming performance 
of fish determines the drag speed of fishing gear which is 
efficient and effective in the fishing process. Meanwhile, for 
the survival of fish and other aquatic animals, the ability to 
swim determines their survival in their habitat (Burgess et al 
2006; Tudorache et al 2008). Fish swimming speed is 
influenced by body shape (Webb 1984a; Webb 1984b; 
Walker 2000; Boily 2002), caudal fin morphology (Webb 
1984a; Nicoletto 1991; Videler 1993; Plaut 2000; Fulton et al 
2005), and the environment or habitat where the fish lives 
(Campos et al 2018). 

B. schwanenfeldii spends most of its life in mainstream 
waters with faster currents and better swimming speed and 
endurance than O. gouramy, T. pectoralis, and W. leeri. Fish 
body shape affects the locomotor of each fish species. 
According to Fulton et al (2001), locomotor morphology is a 
good predictor of inter-habitat and micro-habitat utilization. 
The morphology of the caudal fin of B. schwanenfeldii is more 
effective in making water propulsion higher so that its 
swimming speed will be faster and longer. The fin 
morphology of B. schwanenfeldii has a lot of stiff and weak 
hardened bones, so the tail beat is more effective in 
producing high swimming speeds. The movement of the fish's 
tail fin plays a vital role in determining the fish's swimming 
ability. The fishtail movement is also related to fish energy 
consumption and fish body metabolism. Steinhausen et al 
(2007) stated that the propulsion of fishtail waving is related 
to swimming speed and oxygen consumption to maintain 
aerobic metabolic needs while fish are swimming.  

 Fulton et al (2005) stated the general functional 
relationship between fin morphology and swimming 
performance. Fin morphology correlates highly with 
swimming speed, suggesting a highly harmonious 
relationship between fin morphology and wave-induced 
water movement. O. gouramy and T. pectoralis have a 
rounded caudal fin shape with less stiff and weak hardened 
coccyx bones, making their swimming ability slower than B. 
schwanenfeldii. Meanwhile, the habitats of O. gouramy and 
T. pectoralis tend to prefer places to live in calmer waters in 
rivers and swamps, making their swimming performance 
adaptation lower than B. schwanenfeldii. 

Meanwhile, the W. leeri had lower swimming ability 
when compared to B. schwanenfeldii, O. gouramy, and T. 
pectoralis due to the small shape and size of the caudal fin, 
so it was not very effective in swimming activities. The living 
habitat of W. Leeri, which tends to choose calm deep waters 
to stalk their prey, adapts to their swimming movements 
slower than B. schwanenfeldii, O. gouramy, and T. pectoralis. 
The tail beat amplitude of B. schwanenfeldii is higher because 
the morphology of W. leeri's tail is more elongated and 
narrows towards the tip of the tail, so that body stride when 

swimming at high speed causes the amplitude of each tail 
waving movement to be higher. 

The body shape and body length (Cano-Barbacil 2020) 
of fish affect the hydrodynamics of fish when swimming; the 
body shape of streamlined and slender fish produces better 
hydrodynamics when swimming, resulting in high swimming 
speeds. Yan et al (2013) said that swimming ability is higher 
with a slimmer body shape and high speed. Although the 
body shape of B. schwanenfeldii, O. gouramy, and T. 
pectoralis are the same, the caudal fin morphology and 
habitat are different. The morphology of the forked fins of 
the B. schwanenfeldii and the structure of the fins with hard 
and weakly hardened bones make the tail beat of B. 
schwanenfeldii more effective and efficient in producing 
thrust propulsion in the water for swimming. 
 

5. Conclusions 
 

Habitat and ecosystem affect the ability and behavior 
of fish. Fish in flowing water habitats have better swimming 
abilities with high speed and endurance, such as B. 
schwanenfeldii. The body shape and caudal fin morphology 
also affect the fish's swimming ability. The tail shape of B. 
schwanenfeldii, which is forked and has hard fin bones, is 
more effective in producing good swimming movements. The 
activity of B. schwanenfeldii's tail beating frequency was 
more active and faster at each swimming speed level than O. 
gouramy, T. pectoralis, and W. leeri. The tail beat amplitude 
of B. schwanenfeldii at each swimming speed level was also 
higher than the other three species in this study. 
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