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ABSTRACT

Many metaheuristics mimic biological interaction metaphors, such as ant colony, particle swarm, bee
foraging, eagle predator behavior, and cuckoo brood parasitism, to solve complex optimization problems.
Another type of biological interaction is commensalism, where one species obtains food from the other
without harming or benefiting the latter. One of the great objective-driven commensalism phenomena that
amazes scientists and has not yet been modeled is the sardine feast. In this study, we create an optimization
algorithm, the sardine feast metaheuristic algorithm (SFMO), based on the ecological relationship between
all predators involved in the feast. In this initial work, the algorithm is based on the behavior of dolphins
and two types of sea birds, blue-footed boobies and brown pelicans, which prey on a school of sardines. We
demonstrate the usefulness of the algorithm for solving several standard benchmark functions and compare
the results with those obtained by using another metaheuristic algorithm, namely the Genetic Algorithm
(GA), Bat-inspired Algorithm (BA) and Cuckoo Search (CS). The results of the tests show that the SFMO
is better in terms of number of evaluations compared with the other algorithms. Further refinement of the
model is needed to fully develop the algorithm.

Keywords: Sardine Feast, Metaheuristics, Nature-inspired, Optimization

1. INTRODUCTION their ultimate objective, e.g., to obtain food. The

phenomena can be observed in the lifestyle of many

Swarm intelligence is inspired by the cooperation
of collective homogeneous agents using only a few
rules [1]. These natural behaviors involve similar
interactions within a species or between particles
that are collectively known as cooperation. For
example, particle swarm optimization (PSO) is
inspired by the social behavior of birds flocking or
fish schooling and was developed by [2]. The bee
algorithm (BA) mimics the foraging behavior of
honey bees [3]. Other biological interactions, i.e.,
brood parasitism and predation, have been modeled
in the cuckoo search [4] and the eagle strategy [5]
algorithms, respectively.

Another known biological interaction is
commensalism. It is a relationship where one
species gets food from another species without
either harming or benefiting the latter [6]. The non-
cooperative between the species somehow solves

livestock, insects, birds and plants. A great natural
commensalism phenomenon that shows several
animal species can co-exist optimally to hunt food
is the sardine feast [7, 8].

The sardine feast is a spectacular marine event
where millions of sardines are hunted by a teaming
swarm of hungry predators while they make their
migration from cold waters towards warm waters
[9]. Among the contenders vying for a sardine meal
are sharks, dolphins, seals, gannets, boobies, whales
and even humans. The feeding frenzy is no usual
line up and strike. Within a species, it is an
intelligent and coordinated stake-out. However,
between the species, there are no direct
communications [7, 8, 10]. However, some species
benefit from the others.
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In this study, we model a metaheuristic
optimization algorithm inspired by the behavior of
the species that prey on the schools of sardines. In
our algorithm, each of the selected predators
chooses one solution for a particular problem. Each
type of predator has its own method of hunting. The
algorithm will iterate until the objective function is
satisfied. In nature, the feast will not stop until all
the sardines are eaten. We compare the best
solutions from our proposed algorithm with those
obtained by using a known optimization algorithm,
the cuckoo search (CS) algorithm.

Recent studies indicate that CS algorithms can
out-perform particle swarm optimization, genetic
algorithms and other conventional algorithms for
many optimization problems, such as engineering
problems [4]. This can be partially attributed to the
broadcasting ability of the algorithm, which
potentially provides better and quicker convergence
towards the optimum. For that reason, we
investigated the algorithm and reported our findings
in [22]. Because the CS algorithm has performed
the best to date, we compare our results from [4, 22]
with those obtained using this proposed algorithm.

This paper aims to formulate a new algorithm,
called sardine feast metaheuristic algorithm
(SFMO), based on the interesting sardine feeding
frenzy. We will first introduce the feeding behavior
of several types of predator, and then formulate the
algorithm, followed by its implementation. Finally,
we will compare the proposed algorithm with other
popular optimization algorithms and discuss our
findings and their implications for various
optimization problems.

In Section 2, we present the description of the
imitated animals’ behavior in the algorithm. We
also elaborate on the proposed algorithm and its
implementation. Then, we compare the results of
our algorithm with those obtained using the cuckoo
search (CS), bat algorithm (BA) and genetic
algorithm (GA) in Section 3. We present the
conclusions in Section 4.

2. MATERIALS AND METHOD

2.1 Animals’ Behaviour in the Sardine Feast

In general, the feast can be divided into two
stages. In the first stage, dolphins herd the school of
sardines into a bait ball and prey on them. They use
a combination of sonar and effervescence to drive
and stun them into confusion. Then, in the second
stage, when the bait ball is pushed up toward the
ocean surface, the sardines are within reach of the

seabirds. The seabirds join the feast by continuously
diving into the ocean and emerging with their beaks
full of panicked sardines. Some seabirds hit the
sardines directly and others swim by, flapping their
wings underwater, to chase their prey. The action
continues until all sardines are captured.

The seabirds benefit from a school of sardines
initially rounded up by the dolphins. Additionally,
other dolphins benefit from the intense activity of
the birds during feeding time, which helps them
locate the school [11, 12]. The relationship between
dolphins and seabirds in the Gulf of California is a
form of commensalism [7] and is illustrated in
Figure 1.
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<

Figure 1. The relationship between dolphins and
sea birds while preying on a school of sardines

In this initial work, although there are several
predators involved in the feast, we only model
several of them, i.e., dolphins and two types of
seabirds, blue-footed boobies and brown pelicans.
These predators are shown in Figure 2. These two
types of seabirds are the most commonly observed
birds associating with groups of feeding dolphins in
the Gulf of California [7]. To describe the proposed
algorithm more clearly, we will briefly review the
foraging behavior of the selected predators in sub-
sections 2.1.2 to 2.1.4. Then, we will outline the
basic ideas and steps of the proposed algorithm in
the following section. To start, we describe the
behavior of the feast’s target, the sardines.

Figure 2. Predators involved in the feast: A.
Dolphins, B. Blue-footed boobies, C. Brown
pelicans.
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2.1.1 Sardines

The sardine (Sardinops sagax), or pilchard, is an
ocean-going fish well known for traveling in large
groups or schools [11] and is distributed throughout
the world’s oceans, i.e., on the coasts of California,
Peru, Chile, Japan and South Africa [12]. Pacific
sardines migrate to the Gulf of California from
November to May and more frequently from
December to January. During the winter season,
millions of sardines travel along the eastern coast,
spawn in warm waters, and return to their initial
environment [9]. This phenomenon has become an
important food source, and marine predators take
advantage of this annual feast [7, 13].

2.1.2  Dolphins

Dolphins (Delphinus delphis) are known to be
among the most intelligent of all the animals.
Dolphins use a hunt feeding strategy with spread
formations. They can detect a school of sardines
using sonar [14]. When they approach the school,
they will drive the fish towards a barrier and
capture them with circle direction, driving the fish
to the surface [15]. Each of the dolphins cooperates
in the strategy to attack the sardines by circling the
sardine school [13]. The dolphins start to tighten the
encirclement, by forming smaller and smaller
circles, to constrict the movement of their prey.
They confuse the fish by diving from all directions
into the school. This phenomenon is called bait ball
(schooling sardines) and gives the advantage to
other predators. The sardines are trapped and
obstructed by the surface of the water. Other
dolphins stay under the bait ball and slap their tails
to create splash to maintain the perimeter of the bait
ball while it is eaten from all sides [10, 13, 15].
Using this strategy, the dolphins can keep the bait
ball at the surface, and other predators, such as the
seabirds, can easily prey on the sardines.

2.1.3 Blue-footed boobies

Blue-footed boobies (Sula Nebouxii) specialise
in eating school fish, such as sardines, anchovies,
mackerel, and flying fish. They dive from altitudes
of 20 to 25 m into the ocean and hunt alone, in pairs
or in larger flocks. The lead bird sees a fish shoal in
the water and gives a signal to the rest of the group.
The signal tells the rest of the group to dive in
unison to catch the fish [16]. During the feast, blue-
footed boobies start diving toward the core of a bait
ball when it is in their sights [7]. To dive, they tilt
downward, fold back their wings, and pierce the
water’s surface headfirst [17]. There are two dive
types recognized: V-shaped dives, when the birds

dive to a maximum depth and immediately return to
the surface, and U-shaped dives, when horizontal or
zigzagging displacement occurs at the maximum
dive depth [18]. The majority of immersions consist
of V-shaped dives in which the boobies reach their
maximum depth and then immediately ascend to the
surface.

2.14 Brown Pelicans

Brown pelicans (Pelecanus Occidentalis) are very
gregarious birds and feed using plunge diving. The
brown pelican is the only pelican species that dives
for fish. They fly slowly at approximately 9 meters
above the water surface, and upon sighting prey,
they suddenly check their flights and dive bill first
into the water [19]. They hunt inactively by
scooping up fish while swimming on the surface of
the water. They need more energy to dive from
higher heights than they do to dive short distances
when prey is in abundance [20]. During the feast,
pelicans take their portions by scooping up the
scattered sardines around the bait ball [27]. The
pelican’s pouch expands as it fills with water during
the dive. If the dive is successful, the pelican keeps
its beak closed, slowly draining the water before
flicking its head and swallowing the prey. However,
if no prey is caught, its beak is left open and the
pouch is quickly drained [21].

2.2 Sardine Feast Metaheuristic Algorithm

The new sardine feast metaheuristic algorithm is
conceptualized based on the commensalism
foraging behavior of the dolphins, boobies and
pelicans in catching a bait ball of sardines. For the
initial algorithm and simplicity, we use the
following five assumptions:

i. The bait ball represents the main target or
attraction of all predators. Most of the sardines
are located at the heart of the bait ball. Once it
is targeted, it will move, either trying to
disperse or swaying naturally with the
currents. The size of a bait ball is called the
bait ball size (bbs).

ii. There are no interactions or coordination
between the predators. They prey differently.
Their source of reference is the bait ball
center.

iii. The behavior of the predators are:

a. Dolphins: Search the ocean space for a
school of sardines. Once spotted, they
encircle the sardines into a bait ball. They
only circle the bait ball, i.e., outside its
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bbs, until the feast ends. However, in the
real world, in addition to circling, each
individual member takes turns ploughing
through the bait ball and feeding on the
more compacted shoal.

b. Boobies: Plunge dive at approximately the
centre of the bait ball. Their diving area is
called the diving search spot (dss).

c. Pelicans: Scoop up sardines in the bait ball.
Their scooping area is called the scooping
search spot (sss).

The bbs, dss and sss are illustrated in Figure 3 in
relation to the bait ball.

Figure 3. A. Bait ball size by dolphins (bbs),
B. Diving search spot by boobies (dss),
C. Scooping search spot by pelicans (sss).

iv. Each predator is represented as a
“solution”. In solving an optimization
problem, each predator is replaced with a
solution of the problem. However, the
solution (center of the bait ball) is
dynamic, and the predator (based on the
current position of the bait ball) must
correct their position.

v. To mimic the real feast, we divide the
algorithm into 2 stages as follows:

a. Stage 1: Dolphins searching the ocean
space for a school of sardines. They
will stop searching once a member
finds a good school, defined by a pre-
set threshold value, set as the bss.

b. Stage 2: Boobies and pelicans start
plunge  diving and  scooping,

respectively. The dolphins encircle the
bait ball until the algorithm ends.

To resemble the dynamics of the feast in our
algorithm, in the first stage, the dolphins always
move to the best position to trap the school of
sardines. The best position is the dolphin which has
the nearest position to the school of sardines (the
optimum solution among current solutions at hand).
In the second stage, we assume that the leader of
the seabirds (boobies and pelicans) has found the
current bait ball center (optimum point), and other
birds move towards it by correcting their position
according to dss and sss constraints. If any of them
finds a point better than the current leader, it
becomes the leader in the next iteration. The
dolphins will keep searching out of the ring of siege
(bbs) to keep bringing sardines back into the bait
ball. If any of the dolphins finds a point better than
the current leader, it also can become the leader in
the next iteration. In the metaheuristic, the
concentrated plunge diving of the boobies
resembles intensification, while loosely searching
outside the bait ball by the dolphins can be
considered diversification.

Based on the above description, Figure 4 shows
the flow chart of the proposed algorithm.

Stop Start

T l

Initialize an optimization
problem, parameters
of algorithm
and predators objects

!

| Best solution |

Termination
criterion

satisfied ? Move the dolphins
randomly N
T in the search space
Calculate objective l
function for each predators Calculate

T objective function

for each dolphin

All predators

prey the sardines

. Dolphins circling sardines|
to form bait ball

2. Boobies plunge dive at

L_,|  the center of the bait ball

3. Pelicans plunge dive and

scoope sardine surround

the bait ball

Dolphins found
best school
of sardines ?

Figure 4. Flow chart of the sardine
feast algorithm
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The details of each step are:

Step 1: Initialize the optimization problem,
algorithm parameters and predators’ objects.
The parameters are:

— D, number of dolphins

— B, number of boobies

— P, number of pelicans

— bbs, bait ball size

— dss, diving search spot

— ss8, scooping search spot
— bss, best sardine shoal

Step 2: Move all dolphins in the search space
randomly.

Step 3: Evaluate the objective function for
each dolphin. Dolphins that are near the
objective function have targeted values that
are among the best. Sort their performances.

Step 4: Have any of the dolphins found the
best sardine shoal (bss)? This question is
evaluated based on whether the performance
of the best dolphin goes beyond a predefined
threshold value. If yes, the dolphins have
successfully trapped the sardines into a bait
ball; proceed to Step 5: if not, go back to Step
2.

Step 5: Move all predators to prey on the
sardines in the search space according to their
specialized preying techniques. The dolphins
keep circling outside the bait ball using bbs as
the reference. The boobies plunge dive in
close proximity to the center of the bait ball
using the dds as the reference. The pelicans
scoop sardines around the bait ball at the
surface of the water using the sss as a
reference.

Step 6: Calculate the objective function for
each of the predators, and sort their
performance. Set the best predator values as
the reference for the next iteration’s bbs, dds
and sss.

e Step 7: Do the best predators’ values meet the
stop conditions? If yes, go on to Step 8;
otherwise, go back to Step 5.

e Step 8: The computation is terminated. Report
the best solution values of the objective
function and its performance measurements.

2.3 Implementation and Benchmarking for the
Algorithm

The computational procedures described above
have been implemented in a Matlab program on an
Intel Core™ i3 2.27 GHz computer. In this study,
our proposed algorithm is tested to solve different
unconstrained and constrained standard benchmark
functions from the literature [22, 24, 26] to
demonstrate its efficiency and robustness.

We selected nine benchmark functions, which are
the Shubert, Rosenbrock, Easom, and Michelewicz
functions. The details are presented in Table 1.
Output from the algorithm is validated with the
analytical or known solutions.

2.4 Experiments

After implementing the algorithms using Matlab,
we performed extensive simulations. Each
benchmark function was run 100 times to perform
meaningful statistical analyses. The algorithms stop
when the variations of the function values are less
than a tolerance of 10—5. There are many ways to
compare algorithm performance, and two possible
approaches are to compare the number of function
evaluations for a given tolerance or accuracy or to
compare the accuracies for a fixed number of
function evaluations. In this study, we used the first
approach.

In all of our simulations, we use D = 4, B = 4,
and P = 3. Other parameters are set as shown in
Table 2. We selected those parameters using the
trial-and-error  approach. Parameters of the
compared algorithms are collected from their
respective papers.
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Table 1. Benchmark functions

Function Function Bounds Global
Min
X; €
5 5
Shubert ) ) ) ) [-10,10], —186.
(Dim: 2) flx) = (Z icos((i+ 1x; + 1)> <Z icos((i+ x, + 1)) forall i1, 3
i= i= 5
_ X €
Rosenbrock @ &« 100 212 4 (1 5 [-2.048, 0
(Dim: 2) fo = Z (i =X+ (1= x) 2.048] for
i=1 .
alli=1,2
x; € [~100,
Fasom @) = = cosay) cos(x) exp(—(xy — 1) = (o, = 1)) 1001, 0
(Dim: 2) foralli=1,
2
Michalewicz a ix? Z-m x € [0,m],
(Dim: 16) f(x) ==& sin(x;) .| sin (Tl) ;m=10 foralli=1, 0
’ o d

Table 2. The experimental parameters of the

3. RESULTS

The results are summarized in Table 3 where the

global optima are reached. The success rate of
finding the global optima for this algorithm is 100%

out of 100 attempts. We can see that the proposed
algorithm is extremely efficient at finding the
global optima with high success rates. Using our

algorithm, each function evaluation is virtually
instantaneous on a modern personal computer.

proposed algorithm
Function bbs dss 5SS bss
Shubert 1.0 102 0.1 107
Rosen- 2 -3
brock 1.0 10 1.0 10
Easom 1.0 1072 1.0 103
Michale- 1, o o2 | 0 | 100
wicz

Generally, for all the test functions, our algorithm
outperformed the GA, BA and CS algorithm.

Table 3. Results of applying the sardine feast and other methods to solve the benchmark functions.

Function GA BA CS Proposed
[4, 28] [4] [4, 22] Algorithm
Mean 54,077 11,925 9,107 2,973
Shubert Stdev. 4,997 4,049 2,497 1,494
Success rate 89% 100% 100% 100%
Mean 55,723 7,923 5,939 4,064
Rosenbrock Stdev. 8,901 3,293 1,495 1,552
Success rate 90% 100% 100% 100%
Mean 19,239 7,532 5,984 5,393
Easom Stdev. 3,307 1,702 2,064 4,888
Success rate 92% 100% 100% 100%
Mean 89,325 4,752 2,842 957
Michalewicz Stdev. 7,914 753 678 661
Success rate 95% 100% 100% 100%
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4. DISCUSSION

The behavior of the algorithm can be seen by
locating every predator during the algorithm
execution. In the case of Michalewicz function, its
landscape is shown in Figure 5. The global
optimum values can easily be found using our
algorithm, and the results are shown in Figure 6,
where the locations of the predators are also marked
using red circles for the blue-footed boobies, black
crosses for the brown pelicans, blue diamonds for
the dolphins and black rectangle for the global
minimum.

fx1.x2)

The

Figure 5. Michalewicz

Function

Landscape

In Figure 6(A), the sardine feast algorithm occurs
at level 1, where dolphins explore the search space
to find a bunch of sardines. Once they find the best
position, dolphins around the school of sardines and
start make the bait ball of sardines and shape them.
Then, in iterations 2, the stage 2 begin, the sea-birds
(bobbies birds and brown pelicans) begin to plunge
diving on bait ball center as seen in Figure 6(B).
Bait ball of sardines is a group of dynamic, so that
predators need to correct their position, while the
dolphins will continue to move to bring the sardines
into a bait ball and moved toward the optimum
point as seen in Figure 6(C). This event continues to
be the optimal point, as in Figure 6(D).

The dolphins are also distributed at different
(local) optima in the case of multimodal functions.
This means that the algorithm can find most of the
optima simultaneously if the number of predators is
much greater than the number of local optima. This
advantage may become more significant when

dealing with multimodal and multi
optimization problems.

objective

5. CONCLUSION

In this study, we have formulated a new
metaheuristic  algorithm, the sardine feast
metaheuristic ~ algorithm,  based on  the
commensalism observed when various predators
prey on a school of sardines. Foraging behavior of
predators such as dolphins, boobies and pelicans are
studied. The proposed algorithm was validated and
compared with the GA, BA and CS algorithms.
Simulations and comparisons show that our
proposed algorithm is superior to the CS algorithm
for all objective functions. This result is positive
because there are several specialized predator
behaviors that make the diversification and
intensification of the algorithm possible. In
addition, the early work of the dolphins reduces the
search time.

However, in term of limitation, our algorithm
requires few parameters that need to be tuned. This
drawback means that we have to fine-tune these
parameters for a specific problem. Further studies
will focus on designing the algorithm with fewer
parameters by studying the sensitivity of the
parameters and their possible relationships with the
convergence rate of the algorithm.

This potentially powerful algorithm can easily be
extended to solve multi-objective optimization
applications with various constraints. In addition,
incorporating other sardine feast predators such as
sea lions, sharks, whales and gannets would be
interesting to explore. Hybridization with other
popular algorithms, such as the particle swarm
optimization, and integration of levy flight
component such as in [4, 22] will also be potentially
fruitful.

Acknowledgments

The authors would like to acknowledge the
Department of Higher Education of Malaysia for
financial support under research grant GUP-2020-
065.

Conflict of Interest

The author(s) declare(s) that there is no conflict of
interest.

4355



Journal of Theoretical and Applied Information Technology
15" September 2021. Vol.99. No 17

SAN

| KN
g

© 2021 Little Lion Scientific

" A mmmm—
S/Minn

ISSN: 1992-8645

www.jatit.org

2.5

*  Dolphin

=2 Countour 3r

E-ISSN: 1817-3195
T T L)
:J H =2 Countour [
2 *  Dolphin g
E& O Boobie H
x  Pelican [

2 H
| \‘--
15 - - ]
1 _
05 { g
D 1 1 1 1
0 05 1 15 2 25 3
A.
T T T LT T T
3 =2 Countou =2 Countour
= #*  Dolphin *  Dolphin

2 —

C  Boobie

% Pelican

©  Boobies
Pelican 4

Figure 6. The locations of the predators. A. at iteration 1, B. iterations 2,
C. iterations 10 and D. iterations 66.

REFRENCES:

[1] Xin-She Yang. (2010) Nature Inspired
Metahueristic ~ Algorithms, Second Edition,
Luniver press.

[2] J. Kennedy, R. Eberhart. (1995) ‘Particle swarm
optimization’, Proceedings of  IEEE,

(3]

International Conference on Neural Networks,
vol. 4, pp. 1942-19438.

D. Karaboga, B. Basturk. (2007) ‘A powerful
and efficient algorithm for numerical function
optimization: artificial bee colony (ABC)
algorithm’, Journal of Global Optimization, 39
(3), pp-459-471.

(4]

(3]

(6]

(7]

4356

Xin-She Yang, Suash Deb. (2009) ‘Cuckoo
Search via L’evy Flights’, World Congress on
Nature & Biologically Inspired Computing,
India. IEEE Publications, USA, pp. 210-214.
X.-S. Yang and S. Deb. (2010) ‘Eagle strategy
using Levy walk and firefly algorithms for
stochastic ~ optimization’, Nature Inspired
Cooperative Strategies for Optimization, Vol.
284, pp.101-111.

Leung TFL, Poulin R. (2008) ‘Parasitism,
commensalism, and mutualism: exploring the
many shades of symbioses’, Vie et Milieu,
58:107-115.

Juan Pablo Gallo Reynoso. (1991) ‘Group
behavior of common dolphins (delphinus




Journal of Theoretical and Applied Information Technology
15" September 2021. Vol.99. No 17

AN

| N
| <%

© 2021 Little Lion Scientific

" A mmmm—
oY)

ISSN: 1992-8645

WWwWw.jatit.org

E-ISSN: 1817-3195

delphis) during prey capture’, Anales Univ.
Nac. Auton Mexico, Ser. Zoolv 62(2)' 253262.

[8] Marcos R. Rossi-Santos, Paulo A.C. Flores.
(2009) ‘Commensalism between Guiana
Dolphins Sotalia guianensis and Sea Birds in
the North Bay of Santa Catarina, Southern
Brazil’, The Open Marine Biology Journal, 3,
77-82.

[9] M. Gregory Hammann, Manuel. Nevarez-
Mart~Nez, Yanira Green-Ru~Z. (1998)
‘Spawning Habitat Of The Pacific Sardine
(Sardinops Sagax) In The Gulf of California:
Egg And Larval Distribution 1956-1 957 And
1971 -1 991°, Pacific Sardine Spawning Habitat
In The Gulf of California Calcofl Rep., Vol. 39.

[10]D. Fertl, B. wursig (1995) ‘Coordinated feeding
by Atlanticspotted dolphins (Stenella frontalis)
in the Gulf Mexico’, Aquatic Mammals,
Volume 21(1), 3-5.

[11] Alice Cascorbi (2004) ‘Seafood Watch® Pacific
Sardine Report” Monterey Bay Aquarium.

[12]W.S. Grant and B. W. Bowen. (1998) ‘Shallow
population Histories in Deep Evolutionary
Lineages of Marine Fishes : Insight for sardines
and Anchovies and Lesson for Conversation’,
The journal of Heredity 1998 ; 89 (5)

[13]Santos, MCO., Oshima, JEF., Pacifico, ES. and
Silva, E. (2010) ‘Feeding associations between
Guiana dolphins, Sotalia guianensis (Van
Bénéden, 1864) and seabirds in the Lagamar
estuary’, Brazil, Braz. J. Biol, vol. 70, no. 1, pp.
9-17

[14]Benoit-Bird KJ, Au WW. (2009) ‘Cooperative
prey herding by the pelagic dolphin, Stenella
longirostris’, Journal of the Acoustical Society
of America, doi: 10.1121/1.2967480. Braz. J.
Biol. vol.70 no.1.

[15]Haque, Musad; Rahmani, Amir; Egerstedt,
Magnus, A Hybrid (2009) ‘Multi-Agent Model
of Foraging Bottlenose Dolphins’, The
International Federation of Automatic Control,
doi: 10.3182/20090916-3-ES-3003.00046, pp.
262-267.

[16] Dominic Couzens, Russ David G. Chandler.
(2008) The Illustrated Encyclopedia Of North
American Birds, Amazon.com.

[17]Garthe S, Benvenuti S, Montevecchi WA.
(2000) ‘Pursuit plunging by Northern gannets
(Sula bassana) feeding on capelin (Mallotus
villosus)’, Proc R Soc Lond B 267:1717-1722.

[18] Carlos B. Zavalagal, Silvano Benvenuti, Luigi
Dall’Antonia, Steven D. Emsliel, (2007)

‘Diving behavior of blue-footed boobies Sula
nebouxii in northern Peru in relation to sex,
body size and prey type’, MEPS 336:291-303.

[19]Brumm H, Teschke 1. (2012) ‘Juvenile
Galdpagos pelicans increase their foraging
success by copying adult behaviour’, PLoS
One. 2012; 7(12):e51881.

[20]Nixon, Scott Lee, Virginia. (1998) ‘A
comparison of foraging techniques of brown
pelicans and brown boobies in sandy ground
lagoon’, Jost Van Dyke, B. V.I.,, Caribbean
Journal of Science, 34 (1-2) June 1998: 125-
129.

[21]Arngvist, G. (1992) ‘Brown pelican foraging
success related to age and height of dive’. The
Condor 94: 521-522.

[22]Moaath ~ Shatnawi;  Mohammad  Faidzul
Nasrudin, (2011) ‘Starting configuration of
cuckoo search algorithm wusing centroidal
voronoi tessellations’, Proceedings of the 2011
11th International Conference on Hybrid
Intelligent Systems, HIS 2011. 2011:40-45.

[23]Chattopadhyay R. (1971) ‘A study of test
functions for optimization algorithms’, J. Opt.
Theory Appl., 8, 231-236.

[24]K. Tang, X. Yao, P. N. Suganthan, C. MacNish,
Y. P. Chen, C. M. Chen, and Z. Yang. (2007)
‘Benchmark Functions for the CEC2008
Special Session and Competition on Large
Scale Global Optimization’, Technical Report,
Nature Inspired Computation and Applications

Laboratory, USTC, China, & Nanyang
Technological University, Singapore, Nov.
2007.

[25]Molga, M., Smutnicki, C. (2005). ‘Test
functions for optimization needs’,

http://www.zsd.ict.pwr.wroc.pl/files/docs/functi
ons.pdf

[26] Dieterich, Johannes M. Hartke, Bernd. (2012)
‘Empirical review of standard benchmark
functions using evolutionary global
optimization’, eprint arXiv:1207.4318

[27]An  Angler's Stories & Recollections, Ed
Quigley. (2007) In the Company of Rivers: An
Angler's Stories & Recollections, iUniverse.

[28]X.-S. Yang. (2010) “A New Metaheuristic Bat-
Inspired  Algorithm, in: Nature Inspired
Cooperative  Strategies for Optimization”,
NISCO 2010, (Eds. J. R. Gonzalez et al.),
Studies in Computational Intelligence, Springer
Berlin, 284, Springer, 65-74.

4357



