creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804:21031- 200000339676

Thesis for the Degree of Master of Fisheries Science

Behavior analysis of sea urchin
Strongylocentrotus nudus and rock bream
Oplegnathus fasciatus for identifying chemical
cues eliciting attractant/repellant responses

by
Siriya Kankanamage Tilan Chamara Duminda
Department of Fisheries Biology

The Graduate School

Pukyoung National University

August 2020



Behavior analysis of sea urchin
Strongylocentrotus nudus and rock bream
Oplegnathus fasciatus for identifying chemical
cues eliciting attractant/repellant responses

S8 A Strongylocentrotus nudus F =& Oplegnathus

fasciatus 2| = 2M2 0|25t 91 4l 7|n| & EHM

*

Advisor : Prof. Jong-Myoung Kim

by
Siriya Kankanamage Tilan Chamara Duminda

A thesis submitted in partial fulfillment of the requirements for

the degree of Master of Fisheries Science

in the Department of Fisheries Biology, The Graduate School

Pukyoung National University

August 2020



Siriya Kankanamage Tilan Chamara Duminda 2]

P HAL SRS AZY

20209 84

4 Fagga 3w (W
44 Fagwd H 23 (8



Behavior analysis of sea urchin Strongylocentrotus nudus and
rock bream Oplegnathus fasciatus for identifying chemical cues

eliciting attractant/repellant responses

A dissertation

by
Siriya Kankanamage Tilan Chamara Duminda

Approved by:

(Chairman) Prof. Jeonghwan Park

\_T, /L I‘, y ,'.{ - A ~ ( A
{ i~ :-’ ol 5 % ~ —A 7)) - —

(Member) Prof. Youn-Hee Choi (Member) Prof. Jong-Myoung Kim
August 2020




Contents

ADSEFaCT. ... iii
Figure 16gends .........oiniiii v
INErOUCTION ..ot 1
Materials and methods.............cooiiiiiiiii i 5
1. Experimental animals.........cccoieiimeneeneiiiiiiii i 5
2. Experimentaltanks.................cooiii D
3. Preparation of testing materials..............c...coooiiii i, 7
4.  Behavioral analysis of sea urchin and rock bream ................... 10
4.1. Monitoring system for sea urchin movement ..................... 10
4.2. Rock bream movement analysis ..............coeeeeneiniinennnnn.. 10
5. Vision-based automated tracking software............................. 11
6. Statistical analysis..............ooiiiiiiiii 11
Resultsy, M . o o o A A 12
1. Video-based monitoring of sea urchin movements ................ 12
2. Identification of materials avoided by sea urchins .................... 14
3. Analysis of rock bream movements ..........cooooeiiiiiieii 20
3.1 Behavioral monitoring of rock bream movement .............. 20
3.2 ldentification of substances attracting rock bream ............. 25
DISCUSSION ..ottt e 35
1. Seaurchin behavioral reSponse ...............ccooveviiiiiiiiiiiiiiin, 35
2. Rock bream behavioral response .........c..cocvviiiiiiiiiiiiiinn.. 37
3. Olfaction and chemical stimulation in fish ......................... 47
4. Factors affecting behavioral response ..............c.cocviiiinnnnn 50
5. CONCIUSION ...ttt e 51



V.

VI.

Abstract (Korean)

RETEIENCES. .. o ———



Behavior analysis of sea urchin Strongylocentrotus nudus and rock
bream Oplegnathus fasciatus for identifying chemical cues eliciting
attractant/repellant responses

Siriya Kankanamage Tilan Chamara Duminda

Department of Fisheries Biology, The Graduate School,

Pukyoung National University

Abstract

Monitoring the movement of fish is important to understand various aspects of fish
physiology dealt with environmental changes. To explore the applicability of the
video tracking system for tracking aquatic animals, movement patterns of sea urchin
Strongylocentrotus nudus (invertebrate spp.) and rock bream Oplegnathus fasciatus
(vertebrate sp.) were recorded upon exposure to the materials eliciting the behavioral
response. Movement of sea urchins were examined upon exposure to materials
including seaweed, coffee waste, and starfish. Behavioral response was first analyzed
by direction of movement against the materials in a tank. While most of sea urchin
showed a clear preference toward a seaweed, an avoiding behavior from the tested
materials were observed for coffee bean waste and dried starfish. The results suggest
a potential way to efficiently recycle the industrial waste like coffee waste, and
harmful organism for restricting sea urchin distribution in the designated ocean area.
To test the applicability of the video tracking-based analysis for identifying a
chemical cue attracting the fish, behavioral monitoring was tested with rock bream

upon exposure to different chemical cues including commercial feed, and materials



used as a bait for fishing. Pellets formulated with cellulose and cornflower powders
to contain the homogenized rock worm, bait worm, sea urchin tissue, krill, barley
seeds, or powdered fish feed, respectively, were tested as chemical cues. Preference
toward cues were calculated by duration and frequency of rock bream detected from
a discrete zone around the chemical cues in a tank as analyzed by using automated
video tracking software. The results showing a higher attraction toward a sea urchin
as compared to that of the rock worm provide a basis for its potential use as baits for
rock bream fishing. Behavior tracking tools used for analyzing sea urchin and fish
movement behaviors can be also developed for automated monitoring of aquaculture

facilities.



Figure legends

Figure 1. Photographs of (A) 2 x 2 m large tank with video camera and (B) Y-
shape tanks used for monitoring of sea urchin and rock bream behaviors.
Smaller tanks of 1 x 1 m sizes were used. (C) Dimension of Y-shape tank was
indicated.

Figure 2. (A)Diagrams shows location of zones (Z1 and Z2) where movements
of fishes around the spots surrounding an empty container (Z1) and a container
containing tested materials (Z2) were detected in a rectangular tank and Y-
shape tanks (B).

Figure 3. Preparation of hardened agars (A) containing test materials including
kelp, coffee waste, and starfish powder, from left to right, used for sea urchin
behavior analysis. (B) Pellets prepared for rock bream behavior analysis were
shown from cellulose pellets, cellulose pellts mixed with rock worm and sea
urchin inner tissue from left to right.

Figure 4. (A) Heat map analysis sea urchin (located at the right end) were
exposed to kelp and empty shell control as indicated. Heat map showed a
movement path of sea urchins. (B) Distribution of sea urchin analyzed upon
exposure to an agar containing starfish extract at the center of the tank.

Figure 5. Photograph showing a distribution of sea urchins upon exposure to
an agar containing coffee bean waste located at the center of the small size
tank (1 m x 1 m). Number of sea urchins found in the center (red square) and
the surrounding region (edge zone) were counted.

Figure 6. Number of sea urchins found in the center zone of tank and edge
zone of tank of the small tank upon exposure to agars containing seaweed (A),
coffee bean waste (B) and starfish crumb (C).



Figure 7. Photographs showing distribution of sea urchins upon exposure to
an agar containing coffee bean waste located at the center of the large tank (2
m x 2m). Number of sea urchins found in the designated areas were counted.

Figure 8. Number of sea urchin distributed along the large tank upon exposure
to agars containing seaweed (A & B), coffee bean waste (C & D), and starfish
crumb (E & F) for 1 day. Areas were designated as in Fig. 7 A and B,
respectively.

Figure 9. Rock bream searching the source of odourent pecking on ground and
awaiting around the container with material cue. Fish are showing innate food
searchin behaviours even in experimental tank and frequency of such habits
were inclease with chemicals.

Figure 10. Frequency and duration of rock bream detected in the zone 1 and
zone 2 in the control experiment carried out with an empty container at both
Zones.

Figure 11. Behavioral response of rock bream upon addition of pellets
containing tested materials. Zone preference was determined by preference to
the zones containing sea urchin (SU), rock worm (RW), commercial feed
(Feed), krill bait (Krill) and barley kernel (Barley).

Figure 12. Behavioral response of rock bream upon addition of pellets
containing tested materials. Zone preference was determined by frequency (%)
of rock bream detected in the zones with pellets containing sea urchin (SU),
rock worm (RW), commercial feed (Feed), krill bait (Krill) and barley kernel

Figure 13. Heat maps acquired from fish movement recording in 5 min
duration against different cues, 0.2g of freeze-dried materials/1g cellulose
pellets. Right side of the heat map is the zone containing the testing material
and left side is the control zone.

vi



Figure 14. Duration (A) and frequency (B) of fishes detected from the zones
around pellets containing rock worm (Z1) and sea urchin (Z2). Control
experiment was carried out with an empty container in both zones.

Figure 15: Heat maps acquired from fish movement in Y-maize test carried
out with 5 rock breams upon exposure of two materials as depicted. Position
of sea urchin located at one side of the arm is marked as a red circle and other
testing materials including feed (A), krill (B), rock worm (C), bait worm (D),
and (barley (E) were located at the end of the other arm.

Vii



Behavior analysis of sea urchin Strongylocentrotus
nudus and rock bream Oplegnathus fasciatus for
identifying chemical cues eliciting attractant/repellant

responses

. Introduction

Animals respond to their surroundings and find the best place for their living.
Behavior of living organism is directly reflecting the state of the environment,
and physiological and ecological relationship of organism to its environment
(Little and brewer, 2001). Behavioral response can be determined by
integration of avoidance or attraction (Kane et al. 2005), that may affect their
habitat distribution. Intense observation of animals provides a sound tool for
understanding the behavioral response against changes of cues of the
environment to understand their physiology and ecology (Xia, C. at el, 2018).
Comparing to amounts of information regarding chemical cues acting on
terrestrial animals, relatively less is known about behavioral response in
aquatic animals mainly due to little progress in application of automated

monitoring system of aquatic animals (Hay, M. E. 2009).

Marine aquatic environment is a fabulous field of study for monitoring
animals’ behavioral response through chemical mediated cues and signals.

Aquatic animals are living in the water media and water quality parameters



are highly affected their homeostasis maintenance and widely use physical and
chemical cues to detect various signals from the watery environment for their
survival. Behavioral endpoints in aquatic animals can be quantified by
movement parameters such as total distance moved, velocity, acceleration,
turning angles and frequency, meander, mobility (time spent for swimming),
horizontal and vertical distribution of organisms, path changing, space
utilization, distance from center point ministering to discern and these figures
assist to evaluate the effects of exposure to environmental stressors (Kane et
al. 2004, 2005).

Aguatic animals detect and distinguish myriad odor signals and elicit
important behaviors such as foraging, courtship, schooling, and assessing
threat (Firestein, S. et al. 2001; Kermen, F. et al. 2013) with the help of bio-
sensory system. For instance, amino acids induce appetitive swimming
behavior in zebrafish. Responses for those cues would be increased number of
turns and swimming speed (Lindsay and Vogt, 2004) whereas steroids and
prostaglandin F2a hormones produced in the gonads of fish shown to trigger
reproductive behaviors in a variety of teleosts (Hurk and Lambert,
1983; Stacey and Kyle, 1983). Compounds released from conspecific injured
skin communicate as an stereotyped alarm signal (von Frisch, K. 1941)
executing darting followed by slow swimming or freezing behaviors (Speedie
and Gerlai, 2008; Doving and Lastein, 2009).

Prey animals in nature under predation situation faced different challenges as
competing motivations due to hunger and fear for predation (Julia Mas-Mufioz

et al. 2011). Overall activity against such a situation may be determined as an
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avoiding or attracting behavioral response. These types of complex natural
phenomena possible to be explained by behavioral experiments through
comparing behavioral/movement response in the presence of different cues at
relevant stimulation levels with controls. In this movement behavioural study
rock bream (vertebrate) and sea urchin (invertebrate) are used as specimen

species due to importance in several aspects as follows.

Sea urchin is a marine invertebrate that is important for marine ecology, in
particular for their grazing habits for seaweeds and algal biomass (Lang C, et
al. 1976, Lawrence JM, 2007, C. Harrold, et al. 1987). Sea urchins are
imperative herbivores on coral reefs, and playing a critical role in maintaining
the balance between coral and algae. Therefore, distribution of sea urchin is
important to understand the natural disturbance on the ecology of seaweed-
dominated area mainly due to sea urchin’s grazing behaviour on kelps and

other macroalgae (Valentine and Heck, 1999).

Understanding the threat as a harmful organism due to largely foraging impact
on the other fauna, and flora species, sea urchin distribution altering seems to
be a crucial activity for implementing a sustainable control strategy by means
of biological and industrial approaches. Sea urchin Strongylocentrotus nudus
(Agassiz, 1864) is a dominant species in the northwest Pacific seas and found
on intertidal and subtidal sea bottom (Yukio A., 2007) and in shallow waters
in Korea. The gonads of this sea urchin are halfmoon shaped with a distinctive
aroma and good taste (Silvia et al., 2016, Qin, L. et al. 2011). The sea urchin
gonads of yellow-orange color deliver a striking sea food delicacy. Further,

this species gonad has long been used as a food nutraceutical (Zhao et al.,
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2018). In account of above values, it is important to manage sea urchin
resources to optimize their economic aspects as well as the environmental
sustainability. High density population of sea urchin overgrazing implanted
sea weeds is most destructive for sea weed developing grounds, and for fish
breeding grounds. Therefore, it is important to prevent the accumulation of sea

urchin population to protect the reinforced marine forest.

In order to reinforce the biological contribution of seaweeds to the marine
production, and the biodiversity, seaweed being implanted by marine
authorities of the South Korea. Controlling of sea urchin number invading
implanted seaweeds is one of the main challenges faced to protect the alga
environment. Peoples are trying to remove physically these sea urchins in
order to control their higher population, and their harmful impact on implanted
seaweed, and these operations are bound with high risk, time consuming and
costly operations. Therefore, it would be an innovative solution if it is possible
to introduce a method to repel these invading sea urchins from that implanted
areas by using chemical cues meanwhile introducing a novel option to increase
sea urchin consumption on industrial basis by using sea urchin for bait
production to catch rock beam. For this, a video tracking system was applied
for monitoring the movements of sea urchin together with rock bream, one of
the main aquaculture fish species to find chemical cues attracting or repelling

the target organisms.



II. Materials and methods

1. Experimental animals

Sea urchin ware obtained from East coastal area of Korea with the help of
Korea Fisheries Resources Agency (FIRA). Sea urchins were dissected and
freeze dried or kept live in tanks with sea water (33ppt) at 16 +2°C. Sea urchins
were fed with sea weeds and allowed several days to starve before the
experiments. Rock breams of 10-50 g in weights were obtained from
National Fisheries Research and Development Institute (Geoje, Korea). Fish
were reared basically in 2 x 2 x 1 m tank with 33 +2 ppt recirculating sea
water at 20 £2°C and fed with 3% commercial fish feed. While large size rock
bream up to 50 g in weights were used for tracking in rectangular tank,
smaller size of 5-10 g in weights juvenile rock bream were used for tracking
in Y-shape tank. Rock worms (Marphysa victori) were received from Goseong
Fishery Technology Center, PKNU, Korea, and live bait worm and dried krill
(baits grade) were purchased from a bait selling market in Busan.
Experimental handling and treatment of experimental animals were conducted

in accordance with the government regulations and relevant standards.

2. Experimental tanks

Water tanks of different shapes and sizes (rectangular, square: 1 x 1 x 1 m, 2
X 2 x 1 m, Y-shape) were used for this study. Sizes of an arm of the large Y
tank was 48 cm x 33 cm x 28 cm. Video camera were fixed on top of the
illuminated experimental tank and connected with the computer in which the

tracking software is installed (Figure 1).
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Figure 1. Photographs of (A) 2 x 2 m large tank with video camera and (B) Y-
shape tanks used for monitoring of sea urchin and rock bream behaviors.
Smaller tanks of 1 x 1 m sizes were used. (C) Dimension of Y-shape tank was

indicated.



Rock bream movements mainly tracked in 105 cm x 60 cm x 55 cm
rectangular tank. Further monitoring of the movements of rock breams were
repeated in Y shape tank (size of a single arm- 48 cm x 33 cm x 28 cm) as a
Y maize choice test to compare the attraction of rock bream for different
cues (Figure 2).

3. Preparation of testing materials

To prepare materials for behavioral analysis of sea urchin, dried seaweed
powder, coffee bean waste powder, and dried starfish crumbs were
resuspended in water containing 1.5% agar. Mixtures were autoclaved for 15
min, and hardened on top of the trays (Figure 3, tray sizes, 27.5 x 27.5 cm and
30 x 40 cm). Materials used for rock bream behavioral analysis were
prepared as a cellulose-based pellet. Cellulose pellet (10% corn flour in 90%
cellulose) was prepared from 25.2 g of cellulose with 2.8 g of corn flour
resuspended in 65 g of water, passed through 10 ml disposable syringe, cut
into 1 cm in length and then air-dried. Sea urchin internal tissues, rock
worms, commercial bait worms and krill were homogenized followed by
freeze-drying. Dried materials (0.2 g) resuspended in 1 ml of water and
adsorbed onto 1 g of cellulose pellet as prepared above followed by air
drying. Known amounts of pellets containing the tested materials were
inserted into an empty tea bag for testing. A plastic container (11 cm x 8 cm
X 4 cm) with penetrating slits over the top surface of the lid were used for
hiding materials enclosed to empty tea bags during chemical cue tests to
prevent from visual affect and feeding by fish (Figure 3).



(A) (B)

Figure 2. (A) Diagrams shows location of zones (Z1 and Z2) where
movements of fishes around the spots surrounding an empty container (Z1)
and a container containing tested materials (Z2) were detected in a rectangular

tank and Y-shape tanks (B).



Figure 3. (A) Preparation of hardened agars containing test materials including
kelp, coffee waste, and starfish powder, from left to right, used for sea urchin
behavior analysis. (B) Pellets prepared for rock bream behavior analysis were
shown from cellulose pellets, cellulose pellts mixed with rock worm and sea
urchin inner tissue from left to right.



4. Behavioural analysis of sea urchin and rock bream

4.1. Monitoring system for sea urchin movement

The experiment trials were carried out at least in two different tanks with a
camera fixed on the top of the tank. Small tank experiment was carried out
with 10 sea urchins in 1 X 1 m tank filled with 15 cm height of sea water (33
+2 ppt and 16 + 2 °C) aerated with air stones. Sea urchins acclimated for one
day were exposed to an agar plate containing tested cues placed in the middle
of tank. Sea urchin movements were recorded for one hour and movement
tracking were analyzed by heat map generated by EthoVision XT 10 software
(Noldus). Large scale experiment was carried out with 40 sea urchins in a tank
(2 m X 2 m) with an agar plate containing tested cues. Materials such as
seaweed, coffee bean waste and starfish crumbs hardened on a tray was used.

Distribution of sea urchins were recorded 1 day after the exposure.

4.2. Rock bream movement analysis

Behavioural response of rock bream was analysed in rectangular tanks of
105 cm x 60 cm x 55 cm size and Y-shape tank with arm size of 48 cm x 33
cm x 28 cm for comparison of movement parameters. Fish were randomly
divided into two groups and transferred to identical size aquaria and fed
with commercial feed (2% of body weight). Fish feeding were reduced from
one day before the experiment to increase their appetite to keep their normal
food up taking process during the experiment. Tank was aerated about 10
min time period in between control trial and treatment trial to provide

similar oxygen condition but air stones were removed during video
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recording. Experiment in a rectangular tank was carried out with randomly
selected 3 fishes acclimated in a tracking tank for 15 minutes. Movement of
fish was recorded for 15 minutes with control and treatment trials. Rock
bream movements were also tested in Y shape tank with smaller size juveniles.
Fish (5 fishes per group) were firstly held in acclimation zone separating from
other 2 arms harboring a cage containing testing materials, respectively. Upon

removing the blocking shield, movements were recorded for 15 minutes.

5. Vision-based automated tracking software

Behavioral responses of sea urchin and rock bream recorded by a camera fixed
on top of the tank were analyzed by EthoVision video tracking software. For
this, analog video signal captured by the camera was digitized by a frame
grabber and fed into the computer for automated analysis. Movement patterns
were analyzed by using heat maps, movement parameters including the
distance moved, duration and frequency detected in the designated zones

around the materials.

6. Statistical analysis

The experimental data were noted as mean £SD and statistical analysis was
performed using PASW statistical program ver.18 (IBM Co, USA), and the

statistical significance between experimental groups (P<0.05) was
examined using one-way ANOVA, Paired t-test, and percentage values.
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I11l. Results

1. Video-based monitoring of sea urchin movements

To develop a repellant-based strategy for reducing sea urchin population in
marine forest, it is critical to establish a behavioral monitoring system to
identify materials that can repel or attract sea urchin. Vision-based monitoring
system was tested for its applicability for monitoring the movement of marine
animals using sea urchin and rock bream as a model system. To examine the
behavioral response of sea urchins, experimental tanks of square and Y-shape
tanks of different sizes were used. Two sizes of square shape tanks of 1 m x
Im and 2 m x 2m were employed for finding time duration (one hour to
overnight) and number of sea urchins (10 to 40). The larger tank was employed
to confirm a sound diffusion effect on the distribution over the tank as per the
attractive/ repulsion behaviors. Y-shape tank also was used to compare the
difference in attraction/repelling efficacies between materials (Figure 1 and

Figure 4).

To examine whether the condition employed in this study is good enough to
distinguish chemicals with different attraction efficacy, preliminary trials were
done with chemical cues such as sea weeds (Sea Mustard/ Kelp). Testing
materials were also incorporated into agar with the aim of a constant gradient
dispersion for a longer period allowing sea urchin to respond. Control
experiments showed a clear direction of attracting response toward the kelp
(Figure 4).
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Kelp

control

Figure 4. (A) Heat map analysis sea urchin (located at the right end) were
exposed to kelp and empty shell control as indicated. Heat map showed a
movement path of sea urchins. (B) Distribution of sea urchin analyzed upon
exposure to an agar containing starfish extract at the center of the tank.
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This together with an evading behavior of sea urchin from coffee waste and
starfish indicated that our method could be applicable for examining an
attraction/repellant activity of the chemicals. The results from indicate that 1
hr is enough to distinguish repellant/attracting activities indicated in a small
tank.

2. ldentification of materials avoided by sea urchins

To find chemicals with a repelling efficacy toward sea urchin, various
materials that are easily obtained from natural resources with a lower cost and
less harmful were tested. These include coffee been waste that is almost freely
available and can be recycled. Starfish is another candidate destructing marine
forest regarded as a target for removal. There has been concerned about a
strategy for recycling many starfish collected from their relief project. A
possible use of starfish was tested for its repelling activity toward sea urchins

were tested in this study.

Behavioral response of sea urchin against diverse materials were carried out
consecutively with small and large size tanks and Y-shape tanks. For
quantitative comparison, distribution of sea urchins upon exposure to
respective cues in small were analyzed for counting number of sea urchins
distributing in 2 zones including a center (inner area) zone around the chemical
cues and distant the surrounding zone (edge area) as shown in Figure 5. Small
tank experiments were carried out with 10 sea urchins and repeated at least
five times. Out of 5 replicate trials with 10 sea urchin for each experiment,
while almost no sea urchins (only average value 0.02 out of 50 sea urchins)

were found in the center regions upon exposure to agars containing coffee
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- Center zone

~ Edge zone

Figure 5: Photograph showing a distribution of sea urchins upon exposure to
an agar containing coffee bean waste located at the center of the small size
tank (1 m x 1 m). Number of sea urchins found in the center (red square) and

the surrounding region (edge zone) were counted.
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been waste and starfish crumb, respectively, but most of them were found at
the edges which are distant from the testing materials (Figure 6). In contrast,
a higher proportion of sea urchins were found from the center around an agar
containing seaweed. The results showing an attraction toward a sea weed but
repelling from coffee been waste and starfish supports a hypothesis that coffee
bean waste and starfish crumb could be acted as undesirable cues for sea

urchin.

The results were further confirmed from the similar set of experiment in a
large tank carried out with 40 sea urchins. The results were further analyzed
by more detailed dissection of their distribution patterns (Figure 7) as
determined by an attraction towards materials toward a center zone with cues
and a repelling activity toward outer zone quite distance from cues as defined.
Results are shown in 2D graph in account with 2 designated zones and 3D
graph bars (Figure 8) further elaborated distribution pattern in the tank in
different hypothetical cells. Out of 40 sea urchins, an attraction response was
identified by 16 sea urchins reaching to agar containing sea weed as depicted
at zone ‘A’ of Figure 8 A and zone ‘3C” of Figure 8 B.

Sea urchin showed an evading response against coffee waste as per the bar ‘E’
in Figure 8 C indicating almost 38 sea urchin out of 40 sea urchin were stayed
away from tank middle zone as a negative chemotaxis response towards cues.
It was also noticed that only three sea urchins out of 40 sea urchin were found
in the middle region against starfish. Then, about 37 sea urchins were found
from the corners which is away from the stimulant. A much higher proportion

of sea urchins was found from the center directly exposed to an agar containing
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(A)

Sea urchin number

center

Tank site

(B)

Sea urchin number

center edge

Tank site

©

Sea urchin number

center

Tank site

Figure 6: Number of sea urchins found in the center zone of tank and edge
zone of tank of the small tank upon exposure to agars containing seaweed (A),
coffee bean waste (B) and starfish crumb (C).
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Inner zone with
cues

N

w

»

N
Outer zones

Figure 7 Photographs showing distribution of sea urchins upon exposure to an
agar containing coffee bean waste located at the center of the large tank (2 m
x 2m). Number of sea urchins found in the designated areas were counted.

-18 -



(A) (B)

4

BAF

Figure 8: Number of sea urchin distributed along the large tank upon exposure
to agars containing seaweed (A & B), coffee bean waste (C & D), and starfish
crumb (E & F) for 1 day. Areas were designated as in Fig. 7 A and B,
respectively.
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kelp but not for agars containing starfish and coffee been waste. The results
further confirmed an attracting activity of seaweed but repelling activity of

coffee bean waste and starfish against sea urchin.

3. Analysis of rock bream movements

3.1 Behavioral monitoring system of rock bream movement

Video-based tracking system was also tested for its applicability for
monitoring the movement of fish. This was tested with rock bream, one of the
main aquaculture species in Korea, in different, rectangular and Y-shapes of
tanks. Rock breams were starved for 24 hours before the behavioural
analysis and therefore, one tank out of two stock tanks fed every next day
in order to make ensure providing starved fish every day (24 hr lagging
period). Air stones were removed during video recording and tank was
aerated about 10 min time period in between control trial and treatment trial
to provide similar oxygen condition. Experiment conditions were
maintained more or less similarly in all of the trials to avoid any possible

discrepancy or biasness.

[llumination on the experimental tank was optimized considering two factors.
First, considered the fish not to be being stressed or over stimulated by light.
Accordingly, fish were already acclimatized with a similar light condition and
light intensity were optimally reduced by increasing the sensitivity of camera
and using EthoVision software adjustments. LED (light emitting diode) light
were compatible with the camera and fluorescent light was suggested that not
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suitable due to its blinking nature. Even though the software was capable of
supporting with detection of fish from various backgrounds white colour was
used for tank inside to satisfy with a low light intensity requirement enabling
detection of rock bream fish easily because they have dark stripes on whitish
to greyish body. The tank wall height over the 15 inches of water column of
the rectangular tank mostly was useful to blocking the visual interaction with
the external environment of the tank by fish. The tank was kept in a separated
room to minimize undesirable sounds, visual or light disturbances that can

directly affect fish behavioural movements.

Tested materials were prepared as a pellet by using a mixture of cellulose and
corn flour. Upon testing the ability to form a pellet, 1:9 ratio of corn flour:
cellulose was seemed to be the best in forming a pellet that is strong enough
to form a pellet and not freely dissolved in water system. Therefore, all the
material was prepared by absorbing the water containing the tested material
onto a cellulose mixture pellet. To find an optimum amount of the tested
materials, pellets containing various amounts of tested materials of 0.02 g, 0.2
g, and 2 g were prepared. Behavioural response of fish was first tested in a
rectangular tank where the cellulose pellet was incorporated into a container
with testing materials. A plastic container with penetrating slits over the top
surface of the lid were employed to detect the signalling from the olfactory
but not from visual signalling. Thus, in order to provide gradual diffusion of

chemical cues for extended duration of time, cellulose pellets were visually
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concealed by placing in a container. Further enclosing the material in tea bags

was helpful to detect the response against chemical cues.

Preference to the materials were analysed to examine whether there is any
bias to the zone in a tank, control experiment was carried out with an empty
container or with a container with a similar amount of cellulose pellet free
of materials. Treated zone (hypothetical zone) was designed to place
containers with materials which are incorporated to cellulose pellets, and
opposite zone (distance between two containers ~80 cm) was used to place a

container with cellulose pellet without any material.

To test the applicability of the system for identifying a degree of positive or
negative attraction for chemical cues, randomly selected 3 individual fish
were acclimatized for 15 min in a rectangular tank (Figure 9). Each
experimental trial was recorded for 15 min just after the control experiment
done with empty containers in both zones followed by another recording for
15 min upon addition of the testing materials (Figure 3). From the 15 min
duration of videos which were taken upon exposure to chemicals in
rectangular tank 5 min (3" to 8" min) of period was selected for determining
the degree of zones preference in the presence of cues in one or two
designated zone on the tank. Response for the materials were analysed by
tracking movement during the initial 2-3 min time slot just after exposure to
cues as fishes showing frequent moving between containers kept in the two

zones (control zone and treatment zone). Therefore, duration and frequency of
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Figure 9: Rock bream searching the source of odourent pecking on ground
and awaiting around the container with material cue. Fish are showing innate
food searchin behaviours even in experimental tank and frequency of such
habits were inclease with chemicals.
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fish detected in the designated zones during 5 min was selected for comparing

differences in preference.

The results from the control experiment showed little bias (Figure 10)
toward a specific zone as defined in Figure 2 from the control trial. Each
material was tested alone and together in combination for comparing the
level of attraction. For experiments carried out with Y-shape tank, all trials
were done with two cues at a time in the absence of control trial and one
trial were done with rotating 2 cues position to understand the attraction
degree and zone bias effects etc. Preference toward chemicals were analysed
by duration and frequency of fish detected from the zones (Figure 2) around
the chemicals. Difference in response of the fish for different cues was also
recognized by means of activity parameters including its velocity, and distance

moved using a video tracking system.

Y-shape tank experiment result was also recorded for 15 minutes and
captured images were analysed for their preference toward different
chemical cues in two different structurally designed tank arms of the tank.
Preference for chemical cues and degree of preference were suggest to be
interpreted by using heat map, duration, frequency and other quantitative
and qualitative fish movement behaviour parameters. Qualitative
behaviours such as quick rotations and pecking on grounds and corners
frequently and spatial food search movements were observed by observer
just for understanding the activities with the exposure to different chemical

cues using video clips.
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3.2 ldentification of substances attracting rock breams

To compare the degree of attraction towards materials from different bait
candidates such as rock worms, commercial bait worms, Kill were tested with
sea urchin internal tissues. Fish feed and powdered barley were used as
positive and negative controls respectively. It was also tested to identify
whether sea urchin tissues have the bait properties as rock bream. Preference
toward the chemicals were analyzed by frequency and duration data acquired
by tracking rock bream movement by EthoVision video tracking software.
Preference to various chemical cues were analyzed by their duration and
frequency of rock bream found around the zone containing the materials. Out
of materials tested including sea urchin, rock worm, bait worms, feed, krill,
and barley, commercial feed showed a significant difference from its
preference to barley kernel (Figures 11 and 12). Further preference in duration
zone (%) and preference in frequency (%) of krill and sea urchin are higher
than the rock worm in this trial. Heat maps were generated for tracing the
movements patterns responding to different materials cues as shown in Figure
13. In each heat map zone two (Z2) is considered to be the zone the given
treatment in the treatment trial and z2 of the fish feed trials showed higher
attraction towards the treated zone by the red in color with high intensity. Zone
2 in the presence of rock worm, sea urchin and krill also denser in color (hue
and saturation) than that of the opposite control zone of each tests. The results

from rectangular tank seems to provide useful information for its
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Figure 10: Frequency and duration of rock bream detected in the zone 1 and
zone 2 in the control experiment carried out with an empty container at both
zones.
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Figure 11: Behavioral response of rock bream upon addition of pellets
containing tested materials. Zone preference was determined by preference to
the zones containing sea urchin (SU), rock worm (RW), commercial feed
(Feed), krill bait (Krill) and barley kernel (Barley).
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Figure 12: Behavioral response of rock bream upon addition of pellets
containing tested materials. Zone preference was determined by frequency (%)
of rock bream detected in the zones with pellets containing sea urchin (SU),
rock worm (RW), commercial feed (Feed), krill bait (Krill) and barley kernel
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Rock worm Sea urchin

Figure 13: Heat maps acquired from fish movement recording in 5 min
duration against different cues, 0.2g of freeze-dried materials/1g cellulose
pellets. Right side of the heat map is the zone containing the testing material

and left side is the control zone.
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Figure 14. Duration (A) and frequency (B) of fishes detected from the zones
around pellets containing rock worm (Z1) and sea urchin (Z2). Control
experiment was carried out with an empty container in both zones
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applicability in automated aquaculture systems to monitor the aquatic animals

through the behavioral response window.

According to the graphs number 11 to 12 in the result section it would suggest
clearly that rock bream juveniles was attracted to the zone treated with fish
feed, sea urchin, rock worm, and krill as per the higher comparative percent
values showed for duration, and frequency. Further, sea urchin, rock worm,
and krill values lie in between positive fish feed treatment and barley negative
treatment. The reason we choose fish feed as a positive cue is because they

already fed with same feed and fish may be much familiar with that smell.

It would also be better to mention here that some fish combinations were
unsuccessful for getting data due to begin to fighting each other specially with
the exposure to cues. It may be a sort of innate competitive behaviour. Then
the zone biasness from the beginning also would be resulted a complex
situation when consider zonal factor point of view. Further sometimes when
they get stimulated to cues at the zone with material moved other side and was
keep pecking on the other container and other corners predicted as sign of
finding visual cue but leads to give deviated results. That may be an innate
behaviour reflecting from their natural habitat, once stimulated trying to find
food from rocks spaces, caves, ditches/trenches, bushes, corals or holes etc.
So, it is important to consider those complex behaviours before trying to

compare frequency and duration data against the different materials.

However, due to a miner affect or in the absence of other clues they showed

the duration and frequency data as an attraction or avoidance behavior. The
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method of preparation of test cues may plays remarkable effect on their
sensitivity and response. Probably food cues with fermented tissues and
combination and composition of different chemicals may mimic undesirable
odors for fish. It also better to highly consider on the texture and quality of test
sample in the chemical composition, concentration and diffusion rate (from

pellets) point of view.

Considering the complexity of fish’s movement behaviors against the simple
rectangular structure of the tank further analysis of the comparison were
proposed to repeated in a different facility. Thereby, large size Y tank were
used to design a simple test to inter compare results of duration and frequency
data of rock bream movement and suggested to showed as a response of
attraction movement. Analysis was also carried out in the presence of rock
worm and sea urchin cues simultaneously in 2 different zone of a treatment
trials of a test (Figure 14). The result showed a slightly higher degree of
preference toward a sea urchin extract as compared to that of the rock worm.
Even though the duration and frequency values are not always significantly
difference at the cue source zone when compared to control experiment within
a considered time slot, the behavior should not be interpreted as the general
tendency to indiscriminately avoid the odor of any familiar or unfamiliar cues.
Perhaps the positive stimulation and attraction would appear as increase in
activity level by means of mobility, distance moved, velocity or any other
swimming parameter due to zone biasness, visual cues and an unknown factor

or behavioral complexity.
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Barley usually use as a visual attractant during fishing activities and also use
as ingredient in feed manufacturing. The velocity and distance moved
parameters were generally increased with exposure to sea urchin, rock worm,
krill, and fish feed as compared to control experiments. However, some of
these parameters are inter related. For instance, distance moved deemed to be
inversely proportional to the duration parameter in zones. Distance moved

theoretically may proportional to the velocity.

In order to confirm the result showing an attraction and compare the efficacy
between materials, Y-maize experiments were carried out with two materials
positioned at both ends, respectively, in the tank. Movements of 5 fishes
acclimated were traced upon exposure to materials followed by heat map
analysis (Figure 15). Comparison of the heat map signals indicated that fish
feed showed the strongest preference as compared to that of the sea urchin as
consistent with the previous result from a rectangular tank experiment. Barley
showed the lowest response among the tested materials. This was followed by
krill showing a slightly stronger preference than sea urchin. A bait worm
showed an efficacy that is a more or less similar to that of sea urchin though

rock worm showed a slightly lower attraction efficacy.
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Test groups

Figure 15: Heat maps acquired from fish movement in Y-maize test carried
out with 5 rock breams upon exposure of two materials as depicted. Position
of sea urchin located at one side of the arm is marked as a red circle and other
testing materials including feed-Fr (A), krill-kr (B), rock worm-Rw (C), bait
worm-BW (D), and barley-B (E) were located at the end of the other arm.
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IV. Discussion

1. Sea urchin behavioral response

Marine forest is important for environment as a primary producer providing
habitats for fish. To preserve such an ecologically important forest, it is critical
to reduce organisms destroying sea grass beds in the oceanic environment. Sea
urchin has been known to be one of the organisms devastating the implanted
and natural sea grass forest. Since the physical removal of sea urchin by scuba
divers is a time-consuming process, to repel those invading species from
marine forest has been sea grass beds would be considered as an alternative

and solution.

Chemotaxis is a natural phenomenon that cells or organisms guide their
movements according to a chemical gradient in their environment.
Chemosensory systems response in predator avoidance (Wirtz & Duarte 2012)
has been shown for several sea urchin species. The green sea urchin,
Strongylocentrotus  droebachiensis, showed instantaneous behavioral
responses to waterborne chemosensory cues from two durophagous predators
(N.T. Hagen et al., 2002). However, asteroids, ophiourids and echinoids,
exhibit defensive behavioral responses in the presence of chemical stimuli
from predators or injured conspecifics (Rodriguez and Ojeda 1998; Rosenberg
and Selander 2000). To develop a chemotactic response-based strategy to
prevent approaching of pirate animals to the marine forest, it is critical to have

information about materials repelling the target organisms. This can be
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facilitated by developing a behavioral analysis system for monitoring sea
urchin movement against chemical cues. Various materials tested should be
obtained in a large amount with a cheaper price to be applicable to the field.
These include coffee bean waste that is freely available in a large amount and
starfish of which its use can be beneficial to pirate animal removal project. Sea
urchin movement was analyzed in the presence of materials including seaweed,
starfish, and coffee waste. In the presence of undesirable materials sea urchin
seems to be perform diverse patterns of responses including a covering
behavior but not in our experimental condition tested. Analysis of the sea
urchin distributed against the testing materials indicated a clear attraction
toward the kelp but a repelling activities against coffee bean waste and starfish

crumb.

Several studies suggest that green sea urchin S. droebachiensis responds to
chemosensory (Mauzey et al. 1968; Mann et al. 1984; Vadas et al. 1986;
Scheibling and Hamm 1991). Conflicting evidence suggests that S.
droebachiensis does not respond to tactile stimuli from the echinivorous
seastar Crossaster papposus, but does responded to the presumably non-
echinivorous seastar Leptasterias polaris (Legault and Himmelman 1993).
These may be important for designing, managing and interpreting results taken
from experiment such as movement behavioral studies. Interestingly, we
observed during this experiment that some of sea urchins were moving along
edges or corners while some them become dormant enabling us to predict as
escaping, camouflage, and defensive behaviors in the presence of predator
starfish or industrial coffee bean waste suggest may be due to unfavorable cues

or mimic alarm signals. Manual removal or killing of invading sea urchins on
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the field is a risky and time-consuming operation (EkIof, J. S., 2008) and these
natural/industrial products based chemical cues would be helpful to implement
removal operations of different size of sea urchins from biologically sensitive
beds such as implanted seaweeds. Therefore, we suggest to consider for
applying of both attractive (seaweed), and repulsive (starfish/coffee waste)
cues simultaneously to engender chemical gradient in between distance
locations to divert evading sea urchin movement pattern along such a chemical
gradient. This suggests to use seaweed as attractant substance, and coffee bean
waste and starfish as repellent substances for controlling relevant sea urchins.

2. Rock bream behavioral response

Food search behavior in fish responding to chemical compounds is important
for development of fish baits (lure). Sense of sight, smell and taste in fish leads
to stimulate the response for the baits. A fish’s highly tuned sense of smell is
mainly based on a set of well-developed nostrils located on the snout.
Generally, it is accepted that certain chemical compounds, such as amino acids,
peptides, fatty acids, bile acids in combination with other cues, could mimic a
food source, feeding activity or predation and drive fish away from adjacent
the waters or attract accordingly. This study focused on fish behavioural
analysis of fish responding to the bait-like chemical cues. It is important to
understand the physiology associated with a response to stimuli eliciting an
attracting and repelling response in fish to develop a chemotactic-based
strategy to control the fish population. Thus, could be approached by

examining the behaviour aspect such as swimming speed and movement
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patterns. Other key objectives of this study are to provide a basis for
developing a quantitative monitoring system that will be useful for an

automation of the aquaculture industry.

Rock bream Oplegnathus fasciatus is an economically important fish species
also known as striped beakfish and barred knifejaw fish. This study is focused
on understanding its chemotaxis-based physiology associated with its catching.
Experiments were designed to find chemical cues and materials eliciting an
attracting response by rock bream in different shape tanks. Y maize choice
tank was also employed to compare the level of attraction by chemical cues
and provided a detailed interpretation on attraction and repulsion responses.

Rock bream Dbehavioral experiments were carried out to examine
attraction/repulsion responses of the fish analyzed by automated video
tracking software. A series of different preliminary tests were carried out to
find an optimum experimental condition and to compare the efficacy of the
materials used as commercial baits including rock worm and krill and
applicability of the sea urchin. Rock bream showed attractant motivational
response for sea urchin, rock worm, krill, and commercial fish feeds in contrast

to barley showing little preference.

The stud can be extended to plume-search as gradient search or upstream
search, and bait search for visualizing source cue associated with an innate
behaviour in fish. During the experiment we also observed food searching
behaviours such as searching movements of food with frequent rotations,
pecking or digging at bottom or small spots, following other fish competitively,

quick rotations, stop swimming and waiting followed by rotations and some
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other unidentified different swimming patters upon exposure to test materials.
While the surveillance and escaping movements was observed from rock
bream juvenile in the presence of small amount of aesthetic agent, a clear
coughing and evading movements followed by a gathering in the opposite
zone, was observed upon higher dose treatment, and employed as an e
avoiding behaviour. Behavioural analysis under such conditions will provide
a valuable information needed to develop an automated aquaculture

monitoring system.

The rock bream behavioral experiment was carried out to propose a system to
analyze attraction/ repulsion behavioral responses and substances that attract/
repel fish. Accordingly, fish were exposed to predetermined selected cues in
different tank set ups and behavior analysis done with using automated video
tracking software. Basically, we did series of different preliminary test to
determine an experimental set up and cues. The experiments of attraction/
repulsion on sea urchin and rock worm cues tested repeatedly basically with
0.2g and 1g fresh tissues. Then, tested with 0.02g, 0.2g, and 1g freeze dried
tissue samples seeking a clear conclusion. However, some other sources of
cues such as fish feed, krill, barley were tested with an idea of comparing
further for attraction/ repulsion data each other to extrapolate the feasibility of
identifying behavioral response of fish through this tracking model and to
understand up to what extend our attraction/ repulsion outcomes would be

confident.

Rock worm and krill are common baits specimen species and sea urchin is a

food component of rock bream in their natural habitat. Krill meal also a feed
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ingredient (Suresh et al., 2011). Considering the suitable concentration in
pellets for rock worm and sea urchin during preliminary studies 0.2g of freeze
dried materials were used in the overall comparison test. The odors from food
substances could be attain the threshold at a certain concentration, and such
components would probably be held at attractive capacity. However, rock
bream fish showed attractant motivational response for sea urchin, rock worm,
krill, and commercial fish feeds. In contrast none zone preference to control
trails plus against barley seeds. This would clearly explain the behavioral
differences exhibited towards the materials.

Plume-search as gradient search or upstream search, and bait search for
visualizing source cue would be associated as an innate behaviour in fish.
During the experiment we also observed food searching behaviours such as
searching movements of food with frequent rotations, pecking or digging at
bottom or small spots, following other fish competitively, quick rotations, stop
swimming and waiting followed by rotations and some other unidentified
different swimming patters when exposed to food born chemical cues of test
materials. In contrast surveillance and escaping movements was observed
from rock bream juvenile in the presence of 2 mL 2pheynoxyethiline in 1g of
cellulose pellets. When they directly expose to 5 mL of 2pheynoxyethiline by
injecting through a plastic tube from the same treatment zone side, coughing
and evading movements was showed clearly. Then they were mainly gathered
in the opposite zone to the treated zone. Test with 2pheynoxyethiline was done
during preliminary studies to see what sort of the avoiding behaviour would

be shown within our experimental facilities.
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This study also focused on fish behaviour for the bait cues, and such a
behavioural response probably may reflect as natural pray-search behaviour in
a feeding situation (Rune Vabg, et al., 2004). Generally, in connection with
the response exhibited by the fish, the tendency to attract to food sources born
chemical flumes could have the function of stimulation for food finding and
feeding. Detection of food, mates, and avoidance of predator in animals guided
with orientation strategies (Atema et al., 1988) and visual, sound, and, odour
may be used to follow the stimuli. Simple aspect of the behaviour such as
swimming speed can be readily recorded (Legkkeborg S. et al. 2000, 2002)
and more complicated patterns of movement could not easily be analysed and

describe.

Due to diffusion of the chemicals through the entire experimental tank in a
short period, a sensory adaptation of the fish, saturation of olfactory surfaces,
a habituation to the stimulation, a resumed exploratory activity considering
the responses shown by the tested fish in relation to the different chemical
situation, it appears that fish behavior is basically dissimilar to the odors of
different materials. Therefore, the degree of attraction and repellence proposed
to determine after considering many more qualitative or quantitative behavior

as much as possible.

One of the aim of fish behaviour research is to suggest a method and cues for
identifying the suitable stimulator material which attract fish for the capture
purpose. Thereby, when learning deeply the first step will be the study in

sensory physiology for input information (Arimoto, T. 1997). Underwater
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visibility is very poor in many fishes giving them good sense that the smell is
vital in allowing fish to find food. The olfaction may be a good criterion for
finding hidden prays and food from long distances. When reach the high
degree of olfaction fish may be expecting visual cues of food source to feed
on quickly.

Usually fish can also sense many of the chemicals we add to baits to make
them more appealing. If a new food with a unique smell is introduced to a
fishery and the fish have learned that it’s a food, they will follow that smell to
find the source. Inevitably, sea urchin smell may have they already being
innately identified as a sound food odorant. But this can trigger food finding

or other kind of behaviours in some of other fish.

The attraction effect can be expected through the artificial stimuli such as bait
if the stimulation was properly done in the best intensity against the ambient
environment, and the directional movement as the convergent activity toward
the stimuli source will be released accordingly (Arimoto, T. 1997). However,
considering all such information including test on baits for fishing of the rock
bream, identification of attraction/repulsion response could be assessed

through studying their movement behaviors to test chemicals.

Food search behavior in fish that elicit in response to chemical compounds is
important factor for development of fish baits (lure) (Sevein et. Al, 2013). For
instance, the choice of type of natural bait might affect the probability that fish
are hooked in deep-body locations (Butcher, P.A., Broadhurst, et al. 2006).

Sense of sight, the sense of smell and taste in the fish leads to stimulate fish to
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be baited and trap as a result of the motion, color, shape and odor of the bait.
For instance, bait type may affect fish attraction owing to catch from fishing
trap and hook and line and such a scientific information specially on reef fish

would widely be valuable (Umar Tangke, et al. 2018).

The sense of sight, sense of smell and taste in the fish leads to stimulate fish
as a result of the motion, color, shape and odor of the bait. For instance, bait
type may affect fish attraction owing to have a good catch from fishing trap
and hook and line and such a scientific information specially on reef fish
would widely be valuable (Umar Tangke?, et al. 2018). A fish’s highly tuned
sense of smell is mainly based on a set of well-developed nostrils located on
the snout. Generally, it is accepted that certain chemical compounds, such as
amino acids, peptides, fatty acids, bile acids in combination with other cues,
could mimic a food source, feeding activity or predation and drive fish away
from adjacent the waters or attract accordingly. Most of our test cues would
be containing bunch of stimulatory cues. But certain chemicals and
compositions of chemicals may be characteristics and helpful to identified by
fish in details. Those things may be associated with innate behaviors, genetic

information, previous experience, social and environmental affect etc.

According to Braubach, O. et al, 2011, when exposed to food-associated
odorants (i.e., amino acids, and possibly nucleotides), zebrafish said to be
exhibit appetitive olfactory behaviors, such as an increased rate of swimming,
for instance, distance traveled with frequent turns (>90°). In general, olfactory
discrimination capabilities of fish can be predicted by chemotropic of amino

acids, peptides and fatty acids on the olfactory bulb. Attractions and repulsion
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elicit the locomotive responses in fish in directional ways (Arimoto, T. 1997).
Avoidance or attraction depend on receptor activation, exposure history of the
species to be shown adaptive response, concentration gradient from chemical

plume to be orient in proper direction (Little and Brewer 2001).

In the case of understanding and analysing fish movement behaviours we
mostly were referred to previous studies. There are several studies which have
demonstrated chemically stimulated rheotaxis in fish (Ferndet al.,
1986; Lokkeborg, 1998). In unpolluted water fish avoid from detrimental
chemicals they detect before become toxic. Restless behaviours and none
directional movement encompasses as alarm response. Avoidance response of
fishes associated with refusal of to enter freely of treated water zone (Robert
C. etal.,1967). Fish may move out as a repellent response for undesirable cues
or enter freely when chemical act as attractant to an area of treated water
(Robert C. et al.,1967). Due to the variable level of information available to
the fish, different prey-search stages are probably guided by different
behavioral strategies (Lekkeborg and Fernd, 1999). It is unlikely to be the
smell itself that a fish is attracted to, more the connection between the smell
indicating the presence of food. The certain copper compounds, such as copper
sulfate and copper acetate, in combination with other ingredients, could mimic
a dead shark and drive live sharks away from human beings in the water.
(www.supportoursharks.com). Due to consistent sensitivity to numerous
contaminants swimming responses have been wused in automated
biomonitoring systems (Miller et al. 1982; Smith and Bailey 1988). Avoidance
behavior would be a combination of many behaviors that may culminate in a

single endpoint (Kane et al. 2005).
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Spatial search pattern in search of food source by fish could influenced by
environmental factors of the ocean such as temperature, bottom topography,
social interactions, day-night differences, predation, and other olfactory
stimuli (Rune Vabg, et al., 2004). Rune Vabg, et al. studied to evaluate the
ability of different search strategies in finding odor plumes and bait in order
to improve the understanding of fish movement dynamics towards baited gear,
and also described that gradients of olfactory cues can be traced from often
long distances. It has been proposed in blue crabs and that animals can localize
the olfactory source by up-current movement combined with spatial sampling

to resolve the position in the plume (Webster and Weissburg, 2001).

When a single excitatory extract is analyzed and tested behaviorally in more
than one species, the different test species may respond to different substances
in the same extract. A study of Carr, et al., with different fish species, the major
stimulants in the squid extract had been different. The stimulatory capacity of
most extracts is due to a mixture of substances acting in concert rather than to
a single dominant substance. Mixtures were necessary to yield synthetic
stimulants with stimulatory capacities similar to those of the natural extracts.
(Carr, et al, 1986). In the case of each extracts described here, the principal
stimulants of feeding behavior are may be common metabolites of low
molecular weight that include amino acids, quaternary ammonium compounds,
nucleosides and nucleotides, and organic acids (Carr, W. E. S. et al.,1986).
Such information could be possible to investigate using composition analysis
and fish physiology studies. In some species of crustaceans, there are

examples in which particular extracts or biological fluids contain attractants
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or feeding stimulants that are high-molecular-weight substances, such as
proteins (Can. and Gurin, 1975; Zimmer-Faust et al., 1984).

Chemicals such as amino acids are found in food items and some leak into the
water, giving a scent trail for the fish to follow. In fact, natural foods like
worms and snails, which have no real smell to us, actually ‘leak’ low level
amino acids into the water which fish can locate. Salmonids (salmon and trout)
have a limited smelling range but cyprinids (carp, roach, barbel, bream etc)
have greater sensitivity to amino acids. They are far more likely to be
stimulated by baits and additives with natural amines including amino acids.
Recent research on amino acids and their use as attractants has shown that, for

most species, there is no single amino acid that gives the best result.

In most investigations to date, generalist consumers have been studied in
flumes or other lab settings to determine how they navigate to body fluids of
prey or to more water-soluble compounds such as peptides (Hay, M. E.
2009). The effects of these metabolites on feeding as opposed to attraction is
less well investigated. In contrast, most studies on specialist consumers have
focused on secondary metabolites (often lipid-soluble terpenoids) stimulating

feeding once prey have been contacted.

Numerous aquatic organisms show alarm responses to body fluids of
conspecifics (reviewed by Smith 1998, and by Ferrari et al. 2010). Therefore,
it is very important to handle fish with a great care. In most investigations to
date, generalist consumers have been studied in flumes or other lab settings to

determine how they navigate to body fluids of prey or to more water-soluble
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compounds such as peptides (Hay, M. E. 2009). The effects of these
metabolites on feeding as opposed to attraction is less well investigated. In
contrast, most studies on specialist consumers have focused on secondary
metabolites (often lipid-soluble terpenoids) stimulating feeding once prey
have been contacted. Sea urchin also may have range of cues such as
metabolites, peptides, lipid soluble or lipid base substance that can specifically
be identified by the rock bream fish with regards to their predator -prey
relationship. Studies on physiology of fish and chemical composition analysis
and physiology of sea urchin would be necessary to describe further to explain

such a consequence.

3. Olfaction and chemical stimulation in fish

Two pair of paired nostril structure including olfactory glands in the snout of
the fish facilitated the olfaction in fish. Olfaction detect from long distance
have a functional mechanism which enables them to locate odor sources. Fish
chemo-reception sensory take place in olfactory rosette and mouth, barbs, lips,
fins (taste buds), would be vital stimuli for olfaction and taste sensation
(Pitcher, T.J.1993). This stimulus is responsible for temporally, and spatial
disturbance in the natural environment which can create the unstable condition

in fish forcing them the secondary response for approach or avoidance.

Natural or synthetic feeding attractants included stimulatory compounds that

elicit the food search behavior in target fish species, and the development of

-47 -



alternative baits to replace tradition fish baits is seems to be not an easy task
(Sevein et al. 2013). Even though vision is important in pray capture, initial
stimulation could be occurred through chemical clues. Chemical compounds
that elicit food search behavior tend to be differ from species to species could
applied for developing specific attractant in the manufacture of baits (Sevein
et al. 2013). Understanding of the modalities how the fish detect, approach and
locate a source of food odor which stimulate olfaction affect feeding, and

baiting activities have been studied with some of previous researches.

Chemical stimulus does not have directional clues fish also use additional
information to locate odor source as visual and acoustic signals (Sevein et al.
2013). Basically, crustaceans and fish used chemically stimulated rheotaxis to
locate source of odor (Carton and Montgomery 2003; Lokkeborg et al. 2010).
For instant, Squid extracts on various fish species had been studied, and robot
(Scopthalmus maximus), rainbow trout and plaice (Pluronectus platessa) had
shown different for feeding attractant (Adoron and Mackie 1978; Mackie
1982). Sablefish (Anoplopoma fimbria) had been capable of sense the squid
baits at a distance of five hundred meters (lokkeborg et al. 1995). That means
such a fish has some kind of functional mechanism for locating source of odor
(Sevein et al. 2013). Chemical stimulus last for a long period and cod fish
locate baits from 700m and locate bait 7h after (Sevein et al. 2013, Lokkeborg
1998) stimulus. Chemical stimulus generally disperses over long range of

distance.

The response threshold of fish for total dissolved amino acids also had been

drop down with food deprivation up to 3,000 times lower level (Pawson 1977).

-48 -



Further, swimming speed, turning rate and the duration of response to bait
odor had increased with food deprivation in sablefish (Lokkeborge et al. 1995;
Stoner and Sturm 2004) emphasize the stimulation boost consequences with
starvation. However, the temperature also can have significant effects on
activity, swimming speed, feeding and other basic behaviors to be baiting in
fishing (Stoner and Sturm 2004; Lokkeborge et al. 2010).

Low molecular weight substances such as amino acids, peptides,
prostaglandins, steroids and bile acids stimulate feeding behavior in fish (Carr
and Derby 1986; Hara 1992, 2011). Amino acids would be stimulating food
search behavior either by single or in combination of them (Hara 2011). Fish
said to be having very high ability to discriminate among different amino acids
(Friedrich 2006). In regards to aspects of food search behavior, few studies
have been carried out to determine response thresholds. Olfactory thresholds
measured behaviorally in animals (Firestein, S. 2001). Gradient search
suggested as alternative mechanism to locate source of odors (Webster and
Weissburg 2001; Carton and Montgomery 2003). In addition to olfactory
organs, lateral line may also be assisting in food-search. Thus, olfaction
response of fish for different food born chemical cues expected to study by

this research using vision-based monitoring system.
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4. Factors affecting behavioral response

* Fish size and age

* Fish number used to track at a time

* General health status and activity level of specimen fish

*  Cultured/grown environment and stock tank conditions

» Tracking tank- shape, color, water depth & volume and external
or internal visual cues and objects movements

*  Water qualities (salinity, temperature, DO, Ammonia, clarity)

»  Water changing strategy during tracking

* Fishes feeding status

* Visual effect/ Social interactions/ acclimatizing/ previous
experience of fish

 Innate, stereotypical or stress behaviors of fish

* Individual behaviors of fish

» Digging and pecking at the ground and pecking at corners up on
stimulation and zone biasness

» Docile fish under certain conditions becoming likely to fight or
bully others

* Other external disturbances

* Fish handling techniques

* Tracking time of the day (diurnal biological affect)

* Material type, material composition and attractive/ repulsive
material inclusions & rates

* Amount of material use (weight) per trial
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* Method of preparation of materials

* Material setting method and container properties

* Tracking set up design including light intensity

» Tracking plan and criteria (tracking time duration, slot and gaps
between 2 tracking)

* Random errors due to latency time of tracking software and
uncertainty of fish movements plus human errors

* Any other unidentified factors

5. Conclusion

Summing up, sea urchin can be repelled using, starfish, coffee waste and can
be attracted with using sea weeds. Certain materials from sea urchin can be
used as a bait for fishing and sea urchin material flavors deemed to be act as
attractant can be formulated with rock bream feed. Studying the fish behavior
movement trajectories would provide a new tool to analyze fish behavioral
responses to use them as a bio indicator species and applying them in
bioinformatics etc. Eventually, we propose to use behavioral responses of fish
as parameters for developing a video tracking monitoring system coupled with
bio-sensory and bio indicator system for introducing an innovative artificial

intelligence (Al) based automated aquaculture monitoring system.
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