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Abstract 

The Archer fish (Toxotes jaculatrix) demonstrates a remarkable ability to accurately 

capture aerial prey despite distortions caused by light refraction at the air-water interface. 

This study applies Snell’s law to quantify the discrepancy between the apparent and 

actual positions of prey, revealing how the fish instinctively adjust their aiming strategy. 

Observations show that Archer fish maintain high targeting accuracy across varying prey 

heights and distances, employing rapid adjustments in shooting angle and water jet 

dynamics. These behaviors reflect sophisticated sensory-motor integration, enabling 

precise compensation for optical distortions. The findings provide insight into the 

adaptive evolution of predatory strategies in aquatic environments and suggest potential 

applications in bio-inspired optical and robotic targeting systems. 
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Introduction 

Studies of prey capture technique in 

lower vertebrates like certain finfish 

groups, typically focus on organisms 

that feed completely in either aquatic or 

terrestrial environments throughout their 

living-things. A such flexibility in 

feeding behaviour can exist concurrently 

with discrete metamorphic stages 

(Reilly, 1996). According to Willobrord 

Snell has established and discovered a 

law of refraction in 1621. The light 

travels from one medium to another, in 

generally bends called as refracts. An 

understanding of refraction has been 

necessary for our future forthcoming 

discussion of lenses and their 

applications.  The Archer fish is a 

distinguished predator known for its 

ability to shoot water surface to get aerial 

prey for food. Archer fish have 

established the role of refraction 

correction in the fish accuracy. The 

present studies showed that the fortify an 

importance of multi-disciplinary 

methods, combining to-gather physics 

and biology to composite animal 

behaviours. Freshwater bony fish of 

Arowanas viz., African arowana and 

Silver arowana fish have confirmed that 

the same the role of light refraction and 

Snell’s law of application with fish 

leaping behaviour. According to Verwey 

(1928), Rossel et al. (2002), and 

Timmermans (2001) and Souren (2004) 

have reviewed that the archer fish, 

Toxotes jaculatrix and T. chatareus, 

obtains prey by projecting a stream of 

water and aquarium habitats from its 

mouth to dislodge insects from low-

hanging branches, in addition to 

capturing prey by leaping behaviour. 

Aronson (1971) has suggested that the 

prey capture via leaping behaviour 

method to allows Osteoglossum 

bicirrhosum to exploit an arboreal and 

terrestrial prey base comprised of 

insects, spiders, and a variety of small 

vertebrates during both the high and low 

water seasons and along with water 

medium and public aquarium. Arawana 

fish of Osteoglossuum bicirrhosum have 

prey target with an accuracy at height 

above water and horizontal distance 

from fish. Leaping behaviour is fishes is 

explained using multiple hypotheses: 

1. Traversing migration obstacles 

(Aronson, 1971; Warburton, 1990;  

Lauritzen et al.,  2010) 

2. respiration (Hoese, 1985; Moyle et al., 

1986) 

3. predation (Lowry et al., 2005; Shih 

and Techet 2010; Soares and Bieman, 

2013) 

4. Communication (Sulak et al., 2002) 

5. parasite shedding (Cochran et al., 

2003; Brunnshweiler, 2006) 

6. predator escape (Saidel et al., 2004; 

Gibb et al., 2011; Soares and Beirman, 

2013; Parsons et al., 2016) 

  

Methodology 

To examine the optical and physical 

mechanisms enabling Archer fish to 

accurately target prey despite light 

reflection of Toxotes jaculatrix. As in 

reflection, measure the angels from the 

normal to the surface, at the point of 

contact. The constants n are the indices 

of refraction for the corresponding 

media.  
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Results and discussion 

According to Holway and Suarez (1999) 

had reviewed that the fish physiological 

and ecological studies on fish are 

common, hence, behavioural studies 

have only recently been implemented to 

address fish performance capabilities.  

The refractive index an average was 

calculated 1.33, consistent with 

freshwater values. Toxotes jaculatrix 

(Fig. 2) fish consistently corrected for 

the discrepancy, achieving hit accuracy 

rates and depending on target height. 

Findings showed that the confirm that 

Archer fish instinctively apply a 

correction factor that aligns with 

predictions from Snell’s Law. 

Environmental factors such as water 

surface disturbance and ambient light 

levels had influence accuracy and 

applied. The integration of optical 

physics into behavioural ecology offers 

a comprehensive understanding of this 

predatory strategy. The present studies 

showed that the compensates for light 

reflection through instinctive 

behavioural adjustments, achieving 

remarkable accuracy in aerial prey 

capture.  

 

Snell’s law formula (Fig. 1) - Snell’s 

Law (Refraction while hunting prey at 

surface)  

When the Arowana hunts insects above 

the water, light bends at the water–air 

boundary. The fish sees a shifted prey 

position. 

Snell’s Law: n1 sin θ1 = n2 sin θ2  

Where, n1 : Refractive index of the first 

medium (water=1.33), n2 : Refractive 

index of the second medium (air=1.00), 

θ1 : Incident angle of light in water, θ2 : 

Refracted angle of light in air 

Leap trajectory (projectile motion) 

When the Arowana jumps out of water 

to catch prey, its motion follows a 

parabola: 

y= xtanθ−gx2/2v2cos2θ 

Where, x=horizontal distance; 

y=vertical height, θ=launch angle, 

v=initial velocity, g= gravity (9.8 m/s²) 

 

 
Figure 1: Diagram showing a Snell’s Law is 

given in the following formula. 

 

 
Figure 2: Archer fish Toxotes jaculatrix. 

 

References 

Aronson, L.R., 1971. Further studies on 

orientation and jumping behavior in 

 [
 D

O
I:

 1
0.

22
03

4.
12

.3
.6

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 o

rn
am

en
ta

la
qu

at
ic

s.
ir

 o
n 

20
25

-0
9-

08
 ]

 

                               3 / 5

http://dx.doi.org/10.22034.12.3.67
http://ornamentalaquatics.ir/article-1-396-en.html


70 Thiruvengadam et al., Application of snell’s law and ligth refractive method of hunting behaviour ... 

the gobiid fish, Bathygobius 

soporator. Annals of the New York 

Academy of Sciences, 188, 378-392. 

DOI:10.1111/j.1749-

6632.1971.tb13110.x. 

Brunnschweiler, J.M., 2006. 

Sharksucker-shark interaction in two 

carcharhinid species. Marine 

Ecology, 27(1), 89–94. 

DOI:10.1111/j.1439-

0485.2005.00052.x 

Cochran, P.A., Lyons, J., Gehl, M.R., 

2003. Parasitic attachments by 

overwintering silver lampreys, 

Icthyomyzon unicuspis, and chestnut 

lampreys, Ichthyomyzon castaneus. 

Environmental Biology of Fishes, 

68(1), 65-71. 

DOI:10.1023/A:1026008400049 

Gibb, A.C., Ashley-Ross, M.A., Pace, 

C.M. and Long, J.H., 2011. Fish out 

of water: Terrestrial jumping by fully 

aquatic fishes. Journal of 

Experimental Zoology Part A: 

Ecological Genetics and Physiology, 

315A(10), 649–653. 

DOI:10.1002/jez.711 

Hoese, H.D., 1985. Jumping mullet-the 

internal diving bell hypothesis. 

Environmental Biology of Fishes, 

13(4), 309-314. 

DOI:10.1007/BF00002915 

Holway, D.A. and Suarez, A.V., 

1999. Animal behavior: an essential 

component of invasion 

biology. Trends in Ecology and 

Evolution, 14, 328–330. 

DOI:10.1016/S0169-

5347(99)01636-5 

Lauritzen, D.V., Hertel, F.S., Jordan, 

L.K. and Gordon, M.S., 2010. 

Salmon jumping: behavior, 

kinematics and optimal conditions, 

with possible implications for fish 

passageway design. ioinspiration & 

Biomimetics 5(3), 1-11. 

DOI:10.1088/1748-3182/5/3/035006 

Lowry, D, Wintzer, A.P., Matott, M.P., 

Whitenack, L.B. and Huber, D.R., 

2005. Aerial and aquatic feeding in 

the silver arawana, Osteoglossum 

bicirrhosum. Environmental Biology 

of Fishes, 73, 453–462. 

DOI:10.1007/s10641-005-3214-4 

Moyle, P.B., Li, H.W. and Barton, B.A., 

1986. The Frankenstein effect: 

impact of introduced  fishes on native 

fishes in North America. 415-426 

Parsons, G.R., Stell, E. and Hoover, 

J.J.,  2016. Estimating burst swim 

speeds and jumping characteristics of 

Silver Carp (Hypophthalmichthys 

molitrix) using video analysis and 

principles of projectile physics. 

ANSRP Technical Notes Collection. 

ERDC/TN ANSRP-16-2. Vicksburg, 

MS: U.S. Army Engineer Research 

and Development Center. 

DOI:10.13140/RG.2.1.3948.2641 

Reilly, S.M., 1996. The metamorphosis 

of feeding kinematics in Salamandra 

salamandra and the evolution of 

terrestrial feeding behavior. Journal 

of Experimental Biology, 199, 1219–

1227. DOI:10.1242/jeb.199.5.1219. 

Rossel, S., Corlija, J. and Schuster, S., 

2002. Predicting three-dimensional 

target motion: How archer fish 

determine where to catch their 

dislodged prey. Journal of 

Experimental Biology, 205, 3321–

3326. DOI:10.1242/jeb.205.21.3321 

 [
 D

O
I:

 1
0.

22
03

4.
12

.3
.6

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 o

rn
am

en
ta

la
qu

at
ic

s.
ir

 o
n 

20
25

-0
9-

08
 ]

 

                               4 / 5

http://dx.doi.org/10.1111/j.1439-0485.2005.00052.x
http://dx.doi.org/10.1111/j.1439-0485.2005.00052.x
http://dx.doi.org/10.1023/A:1026008400049
http://dx.doi.org/10.1002/jez.711
https://doi.org/10.1007/BF00002915
http://dx.doi.org/10.1016/S0169-5347\(99\)01636-5
http://dx.doi.org/10.1016/S0169-5347\(99\)01636-5
http://dx.doi.org/10.13140/RG.2.1.3948.2641
http://dx.doi.org/10.22034.12.3.67
http://ornamentalaquatics.ir/article-1-396-en.html


Iranian of Ornamental Aquatics 12(3)  2025                                                71 

Saidel, W.M., Strain, G.F. and 

Fornari, S.K., 2004. Characterization 

of the aerial escape response of the 

African butterfly fish, Pantodon 

buchholzi Peters. Environmental 

Biology of Fishes, 71(1), 63–

72.  DOI:10.1023/B:EBFI.00000431

53.38418.cd 

Shih, A.M. and Techet, A.H.,  2010. 

Characterization of the jumping 

behavior of archer fish, Toxotes 

microlepis. 6th World Congress of 

Biomechanics, 31, 48-51 

Snellius, W., (1580-1626). A humanist 

reshaping the mathematical sciences, 

Utrecht University. 381P. 

Soares, D. and Bierman, H.S., 2013. 

Aerial Jumping in the Trinidadian 

Guppy (Poecilia reticulata). PLoS 

ONE, 8(4), 4–10. 

https://doi.org/10.1371/journal.pone.

0061617 

Souren, P.M., 2004. Prey catching in 

archer fish: The role of posture and 

morphology in aiming behavior. 

Physiology & Behavior, 81, 101–110. 

DOI:10.1016/j.physbeh.2004.01.010 

Sulak, K., Edwards, R.E., Hill, G.W. 

and Randall, M., 2002. Why do 

sturgeons jump? Insights from 

acoustic investigations of the Gulf 

sturgeon in the Suwannee River, 

Florida, USA. Journal of Applied 

Ichthyology, 18(4-6), 617-620. 

DOI:10.1046/j.1439-

0426.2002.00401.x 

Timmermans, P.J.A., 2001. Prey 

catching in the archer fish: Angles 

and probability of hitting an aerial 

target. Behav. Processes, 55, 93–105. 

https://doi.org/10.1016/S03766357(01) 

00172-3 

Verwey, J., 1928. Iets over de 

voedingswijze van Toxotes jaculator. 

De Tropische Natuur, 17, 62–166. 

DOI:10.1016/S0376-

6357(01)00172-3 

Warburton, K., 1990. The use of local 

landmarks by foraging goldfish. 

Animal Behaviour,  40(3), 500-505. 

https://doi.org/10.1016/S0003-

3472(05)80530-5 

 [
 D

O
I:

 1
0.

22
03

4.
12

.3
.6

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 o

rn
am

en
ta

la
qu

at
ic

s.
ir

 o
n 

20
25

-0
9-

08
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               5 / 5

https://ui.adsabs.harvard.edu/link_gateway/2004EnvBF..71...63S/doi:10.1023/B:EBFI.0000043153.38418.cd
https://ui.adsabs.harvard.edu/link_gateway/2004EnvBF..71...63S/doi:10.1023/B:EBFI.0000043153.38418.cd
https://doi.org/10.1371/journal.pone.0061617
https://doi.org/10.1371/journal.pone.0061617
http://dx.doi.org/10.1016/j.physbeh.2004.01.010
http://dx.doi.org/10.1046/j.1439-0426.2002.00401.x
http://dx.doi.org/10.1046/j.1439-0426.2002.00401.x
https://doi.org/10.1016/S03766357\(01\)%2000172-3
https://doi.org/10.1016/S03766357\(01\)%2000172-3
http://dx.doi.org/10.1016/S0376-6357\(01\)00172-3
http://dx.doi.org/10.1016/S0376-6357\(01\)00172-3
https://doi.org/10.1016/S0003-3472\(05\)80530-5
https://doi.org/10.1016/S0003-3472\(05\)80530-5
http://dx.doi.org/10.22034.12.3.67
http://ornamentalaquatics.ir/article-1-396-en.html
http://www.tcpdf.org

