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Ballistic Calculations and Archer Fish
Spitting Water at Insects.

Teacher notes

This activity supports the Eaten Alive exhibit Death
at a Distance, which shows footage of an archer fish
spitting water at insects and grabbing the insect as
it falls into the water.

Archer fish perform this action in a fraction of

a second. Scientists think that archer fish may
perform simple ballistic calculations as they spit

at prey and judge where the prey will land in the
water. This judgement and simple calculation gives
them the ability to grab prey as soon as possible.

While archer fish are unlikely to consciously
calculate velocities, etc., at these levels, they do
seem to have a good judgement of the horizontal
velocity of falling insects, ranging from small flies to
large grasshoppers.

There are various online demonstrations and
physics experiments that can be used to show
ballistic calculations. Depending on the resources
available, you can choose to do online simulations
or set up experiments in ballistic calculations.
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This figure was taken from J. Exp. Biol.
http://jeb.biologists.org/cgi/content/full/205/21/
3321/FIG1

While many of the ballistic calculation experiments
and demonstrations described in the following
links use a .22 rifle, a suitable alternative ballistic
device you could use in your classroom would be a
lead sinker attached to a string to replace the bullet.

Simple ballistic calculations
http://www.tirofusil.com/balistica00.htm

Calculating projectile motion

http://www3.adnc.com/~topquark/fun/JAVA/
trajplot/trajplot.html

Calculating trajectory of falling bombs

http://www.saltspring.com/brochmann/math/
Ballistic/Ball-1.00.html

JBM Ballistics

http://www.eskimo.com/~jbm/ballistics/
ballistics.html

Archer fish outstanding in the outfield

http://jeb.biologists.org/cgi/reprint/205/21/2103/
ipdf

Predicting three-dimensional target motion: how
archer fish determine where to catch their dislodged
prey

http://jeb.biologists.org/cgi/reprint/205/21/
3321.pdf

Information on how the archer fish
spits at prey

Archer fish knock insects into the river by spitting
at them!

When they’re looking for insects above the water,
archer fish swim in an almost vertical position.

Once they have spotted an insect up to 50
centimetres away, the archer fish spits water
at the insect to try and knock it into the water.

Water distorts an archer fish’s view of insects,
because water bends light and makes objects appear
larger and in a different position (just as a drinking
straw in a glass of water appears bent and oddly
shaped).
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So the archer fish allows for this distortion by
shooting ‘off-target’.

They also calculate where the insect will fall into
the water and grab it in one tenth of a second.

The archer fish has a groove along the roof of their
mouth and a ridge-shaped tongue. When they press
their gills shut, they push their tongue against the
groove to shoot out jets of water.

As soon as the insect starts to fall off its ‘perch’” and
into the water, the archer fish turns and darts over
to the spot where the insect will land. If the archer
fish dawdles, other fish nearby will swoop in and
gobble up the insect.

The archer fish seems to calculate where their lunch
will land before the insect hits the water.

Because archer fish shoot prey of different sizes
which fall at different speeds, scientists think that
their calculations of where prey will land are quite
complex.

Humans track a falling ball (such as a cricket ball
hit high by a batsman) by watching, calculating and
moving to the spot where the ball is likely to land.

Unlike humans, archer fish cannot keep watching
their target (the falling insect) until it lands.

Instead, the archer fish seems to dislodge the insect,
calculate the landing spot (using a few simple
ballistic calculations within 100 milliseconds),
then swims over to the landing spot in a direct,
straight lined route.

Scientists tested this by sitting a dead fly (tethered
by a string) over a tank containing an archer fish.

They allowed the archer fish to spit at and dislodge
the fly from its perch.

Just after the fly started falling, scientists pulled
the fly up in mid-air and stopped the fly from
landing in the water. Even though the fly stopped
in mid-air, the archer fish continued to rush to the
predicted landing spot.

Scientists also placed the fly on a glass plate above
the tank and slid the fly horizontally over the tank.

Ballistic Calculations and Archer Fish
Spitting Water at Insects.

When the archer fish spat at and hit the fly, the fish
still swam to the position where the fly should have
landed if the fly was able to fall downwards into
the water.

From this, scientists believed that the archer fish
was calculating the fly’s height and initial velocity
rather than extrapolating where the fly would land.



