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ABSTRACT
Brine shrimp, Artemia, (Crustacean, Anostraca) is a genus of sexual and parthenogenetic

forms with a global distribution in inland salt lakes, costal lagoons and solar saltworks except
Antarctica. It is well suited for the study of evolutionary processes such as different
adaptations, speciation and genetic differentiation. Due to occurrence of an unknown bisexual
Artemia in Nough catchment, the main objective of the present study was to investigate the
species of this un-endemic Artemia that its morphologic characters were similar to
A.franciscana. Samples were obtained from Nough catchment as adult and form the Iranian
Fisheries Research organization (Tehran, Iran) as dried cycts of A.franciscana GSL as the
reference population. The study was assayed by RFLP analysis of a region of the mtDNA. A
total of 4 mtDNA composite genotypes were identified, one composite genotype (Hj)
occurred in two samples. The neighbor-joining distance tree shows all haplotypes appears
well differentiated from each other and identifies the strong relationships between H;
haplotype of Nough and A.franciscana (GSL). The results indicated on occurrence of
A.franciscana in Nough catchment and the genetic differentiation of this species in new
environment. They shows that Nough population that starting from the GSL source
population is the first step of microevolutionary changes leading eventually to geographic
differentiation and progressive adaptation to new environment.
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INTRODUCTION

Brine shrimp, Artemia, (Crustacean, parthenogenetic forms with a global
Anostraca) is a genus of sexual and distribution in inland salt lakes, costal
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lagoons and solar saltworks except
Antarctica [1, 2, 3]. The prime abiotic
factor determining its presence is high
salinity [4]. Although Artemia is restricted
to hypersaline biotopes, other factors such
as temperature, ionic composition and
biotic interactionsalso play an important
role in the patterns of its distribution [3].

Artemia has featured in the literature by
virtue of its importance in aquaculture and
as a model system for varied research [5].
Currently, eight bisexual species [6] and a
heterogeneous  group  of  obligate
parthenogens are recognized. A sharp
geographic boundary separates the New
World  bisexual  (A.

persimilis, A. monica) from their Old

franciscana, A.

World relative (A. salina, A. urmiana, A.
sinica, A. tibetiana and Artemia sp. from
Kazakhstan). Similarly, parthenogenetic
populations are restricted to the Old World,
where they comprise the majority.
Bisexuals are diploid while parthenogenes
rang in ploidy from 2n to 5n [7].

The economic importance of Artemia for
shellfish
substantial [8, 9, 10]. On the other hand,

saltworks operations need to have viable

and marine larviculture is

Artemia population in order to control the
algae blooms which results to the
improvement of the quality of salt produced
[10, 11].

Artemia is exceptionally well suited for the

study of evolutionary processes such as

different adaptations, marked
biogeographic patterns, speciation and
genetic differentiation [6, 12]. Many of the
factors though to be responsible for genetic
differentiation and speciation in other
organism are observable in Artemia
including: ecological isolation, formation
of cline (in the content of heterochromatin),
poly-, hetero- and aneuploidy [13, 14] and
pre- or post- mating reproductive isolation
[6]. Within their biological communities
there is considerable diversification with
respect to permanence, seasonality and
predictability of the environment [4, 15].
Until almost the mid-1990s most genetic
investigations utilized allozymic analyses
to address various issues such as level of
polymorphism, population  structure,
patterns of geographic divergence and
others [6, 13, 16, 17, 18, 19, 20, 21] over
the two last decade, interpretations of
patterns of genetic differentiation and the
distribution of diversity in several
organisms have been considerably refined
by the introduction of new molecular tools
[22], the use of molecular markers [4, 12,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35, 36, 37] have provided additional
data, albeit mainly on the evolutionary
relationships and level of divergence
between species of the genus.

Among the bisexual species of the Artemia
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genus, A.franciscana has been the most

extensively studied. A.franciscana is
endemic to the New World, however both
permanent and temporal populations also
exist worldwide, due to introductions of
different strains [4, 38]. Since introduction
or dispersal, rapid evolutionary changes
seem to have occurred in natural
populations of A.franciscana as inferred
from the accumulation of novel alleles
apparently as a response to environmental
differences [20, 39]. A.franciscana, which
as a whole has a highly variable gene pool,
displays considerable inter-populational
genetic and life history heterogeneity [13].
It would not be an overstatement to say that
the majority of distinctive features found in
the genus [29] are harbored within
A.franciscana alone. This fact, combined
with the presence of many natural or
introduced populations around the world,
makes A.franciscana an invaluable genetic
system for fine scale studies of
microevolutionary divergence [4].

Nough catchment (30° 60" E, 56° 50' N;
Kerman province) is a lake of about 0.4
km? has formed following the construction
of a dam on salty river 40 km away from
the town of Nough near the city of
Rafsanjan. The maximum depth of this
catchment is about 4.0 m while its average
depth is 2.0 m. its water salinity fluctuates

seasonally between 80 and 150 g/L.

Due to occurrence of an unknown bisexual
Artemia in Nough catchment, the main
objective of the present study was to
investigate the species of this un-endemic
Artemia that its morphologic characters
were similar to A.franciscana.
MATERIALS AND METHODES

All samples used in this study were
obtained form Nough catchment as adult
and form the Iranian Fisheries Research
organization (Tehran, Iran) as dried cycts
of A.franciscana GSL as the reference
population. Live adults were sampled with
plankton net (250 um) and preserved in
ethanol % 100 (Merk) prior to DNA
extractions. Cysts of A.franciscana were
incubated in artificial 0.45 um — filtered 35
ppt Dietrich and kale (D and K) medium
which  was prepared following the
modification of Vanhaecke et al. [40].
Hatching conditions were according to
Sorgeloos et al. [41]. After 30 hours of
incubation nauplii were transferred to one
litter cylindorconical glass tubes containing
D and K medium of 50 ppt salinity. The
animals were kept under mild aeration, at
25 + 1° with 12 hr cool white fluorescent
lighting daily. They were fed on a mixed
diet of alga (Dunaliella) and the yeast —
based formulated feed LANSY 1-PZ
(INVE aquaculture SA, Belgium) following
the feeding schedule of Triantaphyllidis et
al. [11] until they reached the adult stage.
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Adult samples were assayed by way of
restriction fragment length polymorphism
(RFLP) analysis of a region of the mtDNA
and screened for variation within and
differentiation between Artemia samples.
Following DNA extraction (phenol -
chloroform method, [42]) samples were
loaded on an automatic thermocycler
(Corbett Research) for amplification of a
1566 bp long MtDNA target sequence. The
primers were supplied from MWG -
Biotech, for each amplification the total
reaction volume of 25 ml consisted of 5 pl
10X reaction buffer (500 mM Kcl, 200 mM
tris — Hcl, PH = 8.4, Cinnagen), 0.5 uL
dNTPs (10 mM of each base, PH = 7.5,
MBI — Fermentase) , 2 uL of each primers
(final concentration of 20 pM), 0.5 uL Taq
DNA polymerase (5 wunit per puL,
Cinnagen), 50 — 100 ng of template
mtDNA , 2ul Mgcl, (50 ml M, Cinnagen)
and dH,o. Each of the 30 amplification
cycles consisted of 1 min and 15 sec
denaturation at 94 *, 50 sec annealing at 54
® 1 min extension at 72 * and a final
extension of 4 min at 72,

Ten restriction endonuclease (Alul, EcoRl,
Eco471, Haelll, Hindlll, Hinfl, Mbol,
Mspl, Rsal and Tagl) were employed to
assess variation in the amplified region. For
each sample 4 — 6 ml of amplified DNA
was digested and products were

electrophoresed on 6 %  vertical

polyacrylamide and visualised by silver
staining. Data (digested fragment approach)
were analysed by REAP, version 4.0 [43].
Haplotype diversity [44] and nucleotide
diversity [45] values with in population
were computed. Genetic distance between
haplotypes was computed based on Nei’s
[46], and cluster analysis performed to
create a dendrogram using Kimura’s [47]
two — parameter method with PAUP 4.0b1b
[48].

RESULTS

In total 60 individual animals were
electrophoresed and enzymes Mspl, Haell/
and Rsal detected polymorphism across
samples. A total of 35 fragments were
surveyed in the mtDNA target sequence as
the average number of bases examined was
148.84 and the A.franciscana mitochondrial
genome is estimated to be 15822 nucleotide
long [24], 0.94 % of the Artemia mtDNA
was screened.

Homology of fragments was established
through side by side gel comparisons and
also through comparisons of restriction
patterns to those generated by gene runner
computer package (version 3.0, Hastings
soft ware). A total of 4 mtDNA composite
genotypes were identified, one composite
genotype (Hj) occurred in two samples.
Haplotype frequency estimates together
with haplotype and nucleotide diversity
values are given in Table 1. The distance
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matrix between haplotype (Table 2) was
used for clustering (Figure 1). The
dendrogram shows all haplotypes appears
well differentiated from each other and
identifies the strong relation ships between
H; haplotype of nough and A.franciscana

(GSL).

Obtained results indicated on occurrence of
A.franciscana in Nough catchment and the
genetic differentiation of this species in

new environment.

Table 1: Mitochondrial DNA variability. Composite genotype (capital letter refer to a restriction endonuclease

pattern in the order Mspl, Hinfl, HindIII, Eco47I, Alul, Mbol,

Haelll, Rsal, Taql, EcoRI), haplotype distribution and

relative frequency, haplotype diversity percentage with SE and nucleotide diversity percentage.

Haplotype composite genotype Nough A.franciscana GSL
H, AAAAAAAAAA 2 (7.4%) 0
H, BAAAAAAAAA 7 (25.9%) 0
Hs BAAAAABAAA 1 (3.7%) 0
H, BAAAAABBAA 20 (62.9%) 30 (100%)
Haplotype diversity % 57.26 0.00
+SE 8.74 0.00
Nucleotide diversity % 0.87 0.00
Table 2: Nei’s genetic distance based on FRLP data of haplotypes in the population studied.
Hi H, Ha H,
Hi -
H, 0.0067 -
Hs 0.0111 0.0038 -
H, 0.0251 0.0156 0.1075 -
100 I Nough H,
94 I A, franciscana
i R Nough Hj
— 0.005 changes
...... Nough H,
Nough H;

Figure 1: neighbor — joining distance tree resulting from Kimura’s (1980) two — parameter method (Note scale bar).

DISCUSSION

The brine shrimp can be considered a
model organism, offering numerous
advantages for comprehensive, multi
disciplinary studies. It is highly favourable
for evolutionary studies as it has a range of
key factor dividing speciation not very
often seen in other organism [30].
Considering the importance of Artemia in
aquaculture,  monitoring  of  strains
introduced to different areas world wide

has acquired particular weight, not for the

future success and further development of
inoculation programs, but also for the
advancement of certain issues related to
tolerance life strategies in and response to
different environments and others [4].

The A.franciscana super species complex
certainly warrants in depth study. This is
due to a variety of reasons including: the
high genetic diversity of its natural
populations, which are spread widely over
a vast area with a variety of biotopes [3], its

widespread use in aquaculture and the
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occurrence  of  newly  established
populations, as a result of deliberate
inoculation, which are developing a genetic
adaptation to their new environment [49,
50].

Nough catchment is known to have been a
suitable habitat for brine shrimp. Results
showed the unknown bisexual Artemia that
occurred in  this catchment was
A.franciscana. The genetic differentiation
on Nough population that starting from the
GSL source population is not of great
magnitude, however, this is the first step of
microevolutionary changes leading
eventually to geographic differentiation and
progressive adaptation to new environment.
This explains the intermediate
characteristics of Nough population and the
low genotypic diversities in this population.
The impact of the environment is relevant
to understand the extent of differentiation
in Artemia populations, often affected by
geographical and ecological separation
along with climatic and hydrobiological
changes which as a whole, offer a mosaic
of environmental conditions that tend to
select local forms [4].

The mtDNA sequence analysed in this
study has provided some diagnostic power
in comparing strains GSL and Nough of
Artemia. Estimates of gene diversity
obtained from mMtDNA are expected to

exhibit a larger variance than similar

estimates based on a large number of
nuclear loci [44]. Despite the current debate
over mtDNA transmission genetics [51],
the occurrence of maternal and clonal
inheritance reduce its effective population
size to only about one — fourth that of
nuclear genes. Therefore, population
subdivision is not expected to have the
some effect on the geographic distribution
of variability in nuclear and mitochondrial
genomes [52].

As a consequence, a population can be
effectively more subdivided for organelle
genes, while the nuclear genes are
indicative for panmixia [4, 53].

The identification of strains with different
genetic

compositions is expected to

contribute considerably to the
understanding of molecular ecology and
aquaculture practices involving Artemia.
CONCLUSION

This study indicated on occurrence of
A.franciscana in Nough catchment and the
genetic differentiation of this species in
new environment. The genetic
differentiation on Nough population that
starting from the GSL source population is
not of great magnitude, however, this is the
first step of microevolutionary changes
leading  eventually to  geographic
differentiation and progressive adaptation
to new environment.

REFRENCES

IJBPAS, January 2016, 5(1)

123



Mahbobeh Hajirostamloo et al

Research Article

[1] Vasconez MB, Flores SV, Campos
CA, Alvarado J, Gerschenson LN,
Antimicrobial activity and physical
properties of chitosan-tapioca starch
based edible films and coatings,
Food Research International, 42,
2009, 762-769.

[2] Persoon G, Sorgeloos P, General
aspects of the ecology and
biogeography of Artemia, The brine
shrimp Artemia , Universa Press,
Wetteren, 1980, 3-24.

[3] Triantaphyllidis GV, Abatzopolous
TJ, Sorgeloos P, Review of the
biogeography of the genus Artemia
(Crustacea, Anostraca), J. Biogeo.,
25, 1998, 213-226.

[4] Van Stappen G, Zoogeography,
Artemia: basic and applied biology,
Kluwer  Academic  Publishers,
Dordrecht, 2002, 171-240.

[5] Kappas I, Abatzopoulos TJ, Van
Hoa N, Sorgeloos, P, Beardmore
JA, Genetic and reproductive
differentiation of Artemia
franciscana in a new environment,
Mar. biol., 146, 2004, 103-117.

[6] Baxevanis  AD, Kappas |,
Abatzopoulos  TJ, Molecular
phylogenetics and asexuality in the
brine shrimp Artemia, Mol. Phylo.
Evol., 40, 2006, 724-738.

[7] Browne RA, Bowen ST, Taxonomy

and population genetics of Artemia,
Artemia biology, CRC Press, Boca
Raton, Florida, 1991, 221-235.

[8] Abatzopolous TJ, Kastritsis CD,
Triantaphyllidis CD, A study of
karyotypes and heterochromatic
associations in Artemia with special
reference to two N. Greek
populations, Genetica, 71, 1986, 3-
10.

[9] Bengtson DA, Leger PH, Sorgeloos
P, Use of Artemia as a food source
for aquaculture, Artemia Biology,
CRC Press, Boca Raton, Florida,
1991, 255-285.

[10] Lavens P, Sorgeloos P, Manual on
production and use of live food for
aquaculture, Ghent  University
Press, Ghent, 1996.

[11] Baxevanis AD, Abatzopoulos TJ,
The phenotypic response of ME2
(M. Embolon, Greece) Artemia
clone to salinity and temperature,
J. Biol. Res. Thessalon, 1, 2004,
107-114.

[12] Triantaphyllidis GV, Poulopoulou
K, Abatzopolous TJ, Pinto Perez
CA, Sorgeloos P, International
study on Artemia. XLIX. Salinity
effects on survival, maturity,
growth, biometrics, reproductive
and lifespan characteristics of a
bisexual and a parthenogenetic

IJBPAS, January 2016, 5(1)

124



Mahbobeh Hajirostamloo et al

Research Article

population of Artemia,
Hydrobiologia, 302, 1995, 215-
2217.

[13] Abatzopolous TJ, Beardmore JA,
Clegg JS, Sorgeloos P, Artemia:
basic and applied biology, Kluwer
Academic Publishers, Dordrecht,
2002a.

[14] Abreu-Grobois FA, A review of
the genetics of Artemia, Artemia
Research and its Applications,
Universa Press, Wetteren, 1987,
61-99.

[15] Barigozzi C, Mechanism of
speciation, Alan R. Liss, New
York, 1990.

[16] Lenz PH, Ecological studies on
Artemia: a review, Artemia
Research and its Applications,
Universa Press, Wetteren, 1987, 5-
18.

[17] Abreu-Grobois FA, Beardmore
JA, Genetic characterization of
Artemia populations: an
electrophoretic  approach, The
brine shrimp Artemia, Universa
Press, Wetteren, 1980, 133-146.

[18] Abreu-Grobois FA, Beardmore
JA, Genetic differentiation of the
brine shrimp Artemia,
Mechanisms of speciation,

Universa Press, Wetteren, 1982,

345-376.

[19] Abreu-Grobois FA, Population
genetics of Artemia, Ph.D.
dissertation, University of Wales,
Wales, Swansea, 1983.

[20] Pilla EJS, Genetic differentiation
and speciation in Old World
Artemia.  Ph.D.  dissertation,
University of Wales, Wales,
Swansea, 1992.

[21] Gajardo G, Da Conceicao M,
Weber L, Beardmore JA, Genetic
variability and interpopulational
differentiation of Atemia strain
from South America,
Hydrobiologia, 302, 1995, 21-29.

[22] Thomas KM, Pilla.  EJS,
Beardmore JA, Genetic variation
and differentiation in Asian brine
shrimp Artemia, Aquaculture, 137,
1995, 545-560.

[23] Avise JC, Molecular markers,
natural history and evolution,
Chapman and Hall, New York,
1994,

[24] Perez ML, Valverde JR, Batuecas
B, Amat F, Marco R, Garesse R,
Speciation in the Artemia genus:
Mitochondrial DNA analysis of
bisexual and parthenogenic brine
shrimps, J. Mol. Evol., 38, 1994,
156-168.

[25] Valverde JR, Batuecas B,
Moratilla C, Marco R, Garesse R,

IJBPAS, January 2016, 5(1)

125



Mahbobeh Hajirostamloo et al

Research Article

[26] Badaracco

The complete mitochondrial DNA
sequence of the crustacean
Artemia Franciscana, J. Mol.
Evol., 39, 1994, 400-408.

G, Bellorini M,
Landsbeger N, Phylogenetic study
of bisexual Artemia using Random
Amplified Polymorphic DNA, J.

Mol. Evol., 4, 1995, 150-154.

[27] Triantaphyllidis GV, Criel GRJ,

Abatzopolous TJ, Thomas KM,
Peleman J, Beardmore JA,
Sorgeloos P, International study of
Artemia LVII. Morphological and
characters

molecular suggest

conspecifity of all  bisexual
and North African
Artemia populations, Mar. Biol.,

129, 1997, 477-487.

European

[28] Sun Y, Cheng Zhong Y, Qin Song

W, Sheng Zhang R, Yang Chen R,
Detection of genetic relationships
among four Artemia species using
randomly amplified polymorphic
DNA (RAPD), Inter. J. Salt Lake
Res., 8, 1999a, 139-147.

[29] SunY, Qin Song W, Cheng Zhong

Y, Sheng Zhang R, Abatzopoulos
TJ, Yang Chen, R, Diversity of
genetic differentiation in Artemia
species and populations detected
by AFLP markers, Inter. J. Salt
Lake Res., 8, 1999b, 314-350.

[30]

[31]

[32]

[33]

[34]

Abatzopolous TJ, Kappas |,
Bossier P, Sorgeloos P, Beardmore
JA, Genetic characterization of
Artemia tibetiana  (Crustacea:
Anostraca), Biol. J. Lin. Soc., 75

(3), 2002, 333-344.

Gajardo G, Crespo J,
Triantafyllidis A, Tzika A,
Baxevanis A, Kappas 1,

Abatzopoulos TJ, Species
identification of Chilean Artemia
population based on mitochondrial
DNA RFLP analysis, J. Biogeo.,
31, 2004, 547-555.

Kappas I, Baxevanis AD, Maniatsi
S, Abatzopoulos TJ, Porous
genomes and species integrity in
the branchiopod Artemia, Mol.
Phylo. Evol.,, 52(1), 2009, 192-
204.

Baxevanis AD, Kappas |,
Abatzopoulos  TJ,  Molecular
phylogenetics and asexuality in the
brine shrimp Artemia, Mol. Phylo.
Evol., 40, 2006, 724-738.
Eimanifar A, Rezvani Gilkolaei S,
Carapetian J, Application of RFLP
identify ~ cyst
populations of Artemia urmiana
Gunther, 1899
(BRANCHIOPODA,
ANOSTRACA) from Urmia lake,

IRAN, Crustaceana, 78 (11), 2005,

analysis  to

IJBPAS, January 2016, 5(1)

126



Mahbobeh Hajirostamloo et al

Research Article

1311-1323.
[35] Eimanifar A, Rezvani S,
Carapetian J, Genetic

differentiation of Artemia urmiana
from various ecological population
of Urmia Lake assessed by PCR
amplified RFLP analysis, J. Exp.
Mar. Biol. Ecol., 333, 2006, 275-
285.

[36] Kaiser H, Gordon AK, Paulet TG,
Review of the African distribution
of the brine shrimp genus Artemia,
Water SA., 32, 2006, 597-604.

[37] Mura G, Kappas I, Baxevanis AD,
Moscatello S, D’Amico Q, Lopez
GM, Hontoria F, Amat F,
Abatzopoulos TJ, Morphological
and molecular data reveal the
presence of the invasive Artemia
franciscana in  Margherita di
Savoia salterns (Italy), Inter. Rev.
Hydrobiol., 91, 2006, 539-554.

[38] McMaster K, Savage A, Finston T,
Johnson MS, Knott B, The recent
spread of Artemia
parthenogenetica in  Western
Australia, Hydrobiologica, 576,
2007, 39-48.

[39] Lenz PH, Browne RA, Ecology of
Artemia, Artemia Biology, CRC
Press, Boca Raton, Florida, 1991,
237-253.

[40] Gajardo G, Colihueque N,

Parraguez M, Sorgeloos P,
International study on Artemia:
Morphologic differentiation and
reproductive isolation of Artemia
populations from South America,
Int. J. Salt Lake Res., 7, 1998,
133-151.

[41] Vanhaecke P, Tackaert W,
Sorgeloos P, The biogeography of
Artemia, an updated review,
Artemia  Research and its
Application,  Universa  Press,
Wetteren, 1987, 129-155.

[42] Sorgeloos P, Lavens P, Leger P,
Tackacrt W, Versichele D, Manual
for the culture and use of brine
shrimp Artemia in aquaculture,
Ghent University Press, Ghent,
1986.

[43] Hillis DM, Moritz C, Molecular
taxonomy. Sinauer Associates Inc
Publishers.
Massachusetts, 1990.

[44] McElroy D, Moran P, Birmingham
E, Kornfield J, REAP the

restriction  enzyme  analyses

Sanderland,

package, version4.0. University of
Main, Orono, 1991.

[45] Nei M, Molecular evolutionary
genetics, Columbia  University
Press, New York, 1987.

[46] Nei M, Tajima F, DNA
polymorphism  detectable by

IJBPAS, January 2016, 5(1)

127



Mahbobeh Hajirostamloo et al

Research Article

restriction
Genetics, 97, 1981, 145-163.
[47] Nei M, Genetic distance between

endonucleases,

populations, Amer. Natural., 106,
1972, 283-292.

[48] Kimura M, A simple method for
estimating evolutionary rates of
base substation through
comparative studies of nucleotide
sequences, J. Mol. Evol., 16, 1980,
111-120.

[49] Swofoord DL, PAUP,
Phylogenetic ~ Analysis  Using
Parsimony (and other methods),
Version4.0b1b, Sinauer Associates
Inc  Publishers,  Sunderland,
Massachusetts, 2002.

[50] Clegg JS, Jackson SA, Hoa NV,
Sorgeloos P, Thermal resistance,
developmental rate and heat shock
proteins in Artemia franciscana,
from San Francisco Bay and
southern Vietnam, J. Exp. Mar.
Biol. Ecol., 252, 2000, 85-96.

[51] Clegg JS, Hoa NV, Sorgeloos P,
Thermal tolerance and heat shock
proteins in encysted embryos of
Artemia from widely different
thermal habitats, Hydrobiologia,
466, 2001, 221-229.

[52] Rokas A, Ladoukakis E, Zouros E,
Animal  mitochondrial DNA

recombination revisited, Trends

Ecol. Evol,, 18, 2003, 411-417.

[53] Birky CW, Maruyama T, Fuerst P,
An approach to population and
evolutionary genetic theory for
genes in  mitochondria and
chloroplasts and some results,
Genetics, 103, 1983, 513-527.

[54] Crease TJ, Lynch M, Spitze K,
Hierarchical analysis of population
genetic variation in mitochondrial
and nuclear genes of Daphnia
pulex, Mol. Biol. Evol., 7, 1990,
444-458.

IJBPAS, January 2016, 5(1)

128



