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The efficiency of a fishing system is determined by
its structural and operational characteristics, as well
as the biological characteristics of the targeted
species. Traps are extensively used, both in the
marine and inland waters and is widely regarded
as low energy and low impact fishing system (Chen
et al., 2012; Kopp et al., 2020). The catch composition
and retention efficacy of a trap is determined by
many parameters, including the physical character-
istics of the trap, the type of fishing methods applied
and also the behavioural characteristics of the
species being targeted (Furevik & Lokkeborg, 1994;
Li et al., 2006; Vadziutsina & Riera, 2020). There has
been a gradual decline in both the targeted and non-
targeted species that were traditionally caught in the
trap fisheries worldwide and new candidate species
are being tried as alternatives in trap fisheries
(Hawkins & Roberts, 2004; Bacheler & Smart, 2016).

Trap fisheries in India, is mostly concentrated in the
traditional sector and the designs being used now
have evolved over a period, based on the under-
standing of the behaviour of fishes and other
operational parameters. With significant reduction
in the traditionally caught species and new species
being targeted, the process of developing or
evolving a suitable design takes extended periods,
with concurrent high costs for field trials. Hence an
alternative is to setup in-situ experiments, in which
the efficiencies can be evaluated in relatively short
time and with reduced cost (Miller & Addison, 1995;
Gristina & Gagliano, 2004; Dupuch et al., 2011).
Studies have shown that the angle and position of
the entrance funnel is one of the most important
factors that affects the ingress and egress of fish
from the trap (Yamane, 1995; Sugimoto et al., 1996).
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Tilapia was introduced in India in 1952, to fill the
unoccupied niches of the freshwater ecosystems.
However, due to its prolific breeding nature, the
species spread all across the country and now
available in all the natural waterbodies including
estuaries. This species makes up between 3% and 7%
of the overall fish population in many of the major
Indian rivers (NFDB, 2015).

Taking the above factors into consideration, this
experiment was intended to find an angle of
elevation of the trap funnel, required to increase the
trapping efficacy for wild Tilapia (Oreochromis

mossambicus). Experiment was setup in the fish
behaviour laboratory of Veraval Research Centre of
ICAR-Central Institute of Fisheries Technology,
Veraval, Gujarat, India. Glass tanks with dimensions
of 120 x 30 x 45 cm (l x b x h) were used for the
experiments. All tanks were filled with freshwater
and aeration was provided throughout the experi-
ment. Tilapia (Oreochromis mossambicus) was col-
lected using cast net from the estuarine region of
rivers, Hiran and Kapila, Somnath District, Gujarat,
India, where freshwater influx was more.  From the
mixed catch, Tilapia fishes were sorted and trans-
ferred to aerated plastic barrels and transported to
the experimental station within 30 min. The fishes
were acclimatised, quarantined and transferred to
the respective tanks. Five fishes were stocked in a
tank (Average fish length and weight: 13.4 cm and
50 g). Six replicates were maintained for each
treatment.  Rectangular shaped GI frames (Fig. 1)
with a dimension of 42 x 26 cm were fabricated and
a circle shaped opening (13 cm Ø) was provided in
the middle of the frame for the attachment of funnel.
Flexible aluminium webbing panels were used for
the fabrication of funnel and were attached using
polyethylene twines at three different angles of
elevation to the vertical, viz., 40°, 60° and 90° to study
the fish response to different elevation angles.
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Fig. 1. Design details of trap entrance panel

The frame with the funnel attached was placed such
that it separated the tank into two unequal parts, ¾
of the aquarium was used for keeping the fish,
termed as active area (AA) and remaining ¼ of the
tank was set as the area for bait, baited area (BA).
The setup was used based on the assumption that,
baited area (feeding area) is the interior of the trap
and the remaining area is the open water where the
fishes swim freely (Fig. 2). A nutritionally balanced
feed was formulated as per the guidelines of ICAR-
CIBA (ICAR-CIBA, 2020) with readily available
ingredients, which contained approximately 20-25%
and 3-5% g of protein and lipids respectively.

The quantity of feed was determined based on the
body weight of the fishes in the tank and the feed
was dispersed in five equal parts.  Once the feed was
added to the respective feeding area, number of
fishes getting inside and escaping back to the active
area was noted. After 60 min of observations, the
entire experimental setup was brought back to initial
form and the experiments were repeated four times
in a day. All the experimental setup was maintained
for 11 days and a total of 44 observations were
recorded.

was exactly parallel to the base of the trap, and it
was observed that fish could easily move inward
and backwards in the two areas, which reduced
retention rate. Fishes entered the trap with 600de-
gree angled funnels showed similar behaviour as in
traps with 900 elevation. The trap with an angle of
elevation of 400 angle reduced the backward
movement of fishes and hence had the highest
retention ratio. The results are in line with reports
of other similar studies (Munro, 1974; Luckhurst &
Ward, 1987). The observation that attractiveness of
feed decreasing with time as reported by Whitelaw
et al. (1991), was also noticed during the experi-
ments. The fish in traps with straight funnels found
escapement easier and thus their numbers decreased
over time. Arunjenish et al. (2017) also reported
similar observations from a field trail conducted
along coastal fishing ground off Mandapam in Tamil
Nadu, South-West coast of India.

The differences in the retention efficiency of the
three traps were statistically tested using one way
ANOVA and the results showed that there was no
significant difference in the proportion of retention,
between the angles 40 (retention: 0.62) and 60°
(retention: 0.61) funnels, however the retention
probability (0.51) for the 90° angled trap was
significantly lower (p<0.01) than the retention/
capture probabilities for the other two funnel angles
(40 and 60). The lower retention probability of the
90° angled trap, can be due to the easy visibility of
the escape opening, both from outside and inside,
unlike the case of 40° and 60° angled trap designs.
For an effective trap mouth design, the opening of
the mouth is very critical, and influences retention.
The funnel angles with 90° and 60° facilitated the
free movement of fish. Whereas the lower angled
funnel provided a capturing area which made the
fishes to stay in a confined position. Which supports
the sheltering behaviour of prey fishes like Tilapia
(Dupuch et al., 2011).

In the experimental tanks, the fishes showed
schooling, free-swimming as well as fighting
behaviour.  As fishes were acclimatized from the
wild, during the initial days of experiment they
responded to the feed with hunger as stimuli. Later
on, the fishes got acclimatized to the experimental
condition and moved throughout the experimental
tanks (free movement). After feeding, some fishes
moved inside the trap through the funnel and swam
back to the open area. This reveals that fishes
entered inside the trap not only for feeding, but also

Fig. 2. Pictorial representation of experimental deign

This experimental set up with trap entrance
facilitated free and easy movement of the fishes and
helped in observing the behavioural and swimming
response. In the case of 900 angled mouth, the funnel
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as a foraging or for a comfortable hiding place. High
& Ellis, (1973) opined that in natural environment,
fishes enter to the trap because of various reasons,
like for curiosity, following the action of fellow
individuals and for feeding (Predatory fishes).
Tilapia fishes show schooling behaviour in natural
environment and serves as a prey for several species
in wild (Fagbenro, 1989; Fagbenro & Sydenham,
1990). There is evidence that prey fishes show more
affinity to traps as it provides a physical structure
in the natural environment (Layman & Smith, 2001).

There are many behavioural changes in domesti-
cated and natural behaviour of animals. Domestica-
tion gives new environmental conditions to animals.
In in- situ experiments one of the major drawbacks
observed was the classic conditioning behaviour of
fishes. After few days of experiment, fishes actively
respond to the feed (first stimuli), and they also
respond to the sound, movement or any other
external physical stimulus. So, periodic changes in
the surrounding or experimental setup is required
to minimize bias in the results.

Li et al. (2006) studied the effect of various angles
of elevation viz., 46, 37, 27 and zero degree, but the
higher angles were not evaluated. Sheaves (1995)
observed higher catch from the trap with straight
funnel deployed for short duration compared to the
trap with bend angle (horse head shape). The
correlation between size of the fishes and the angle
of trap opening could be an important factor, but
this was not considered in this study.

In general, confined experimental condition are
simple and less complex when compared to the
natural ecosystems.  The behavioural response of
fishes in the wild and experimental conditions differ
slightly and acclimatization to the surroundings is
an issue (Pasquet, 2018). This in-situ trial was to
optimise the angle of elevation over a wide angle
and therefore further trials and refinement with
smaller angle of elevations between 30 – 40 degrees
and less than 30-degree angle is required before an
actual prototype can be developed and employed
for field trials.
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