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Introduction: Nowadays, using unconventional water, especially in arid and
semi-arid areas, has increased as a result of global population increase,
urbanization and climate change. Using these water sources for aquaculture is
suggested for optimal utilization and reduction of their adverse effects on the
environment. Artemia is an aquatic crustacean that is distributed all over the
world. It plays an important role in the aquatic food chain due to containing a
variety of high nutrients such as proteins, amino acids, fatty acids, vitamins and
antioxidants. These organisms are the most common live-food item in the
aquaculture industry to feed the larval stages of fish and crustaceans in different
parts of the world. Artemia can grow in various saltwater environments. The
water sources suitable for them do vary considerably in terms of ionic
composition, climatic conditions, seasonality, productivity, altitude, and other
characteristics. Among the species of the genus Artemia, A. franciscana is the
most important one for aquaculture use, and it has been introduced in salt-waters
for integrated Artemia—salt production. This species is characterized by the
standard features of the short-life cycles: highly adaptable to adverse
environmental conditions, easy cultivation and easy availability. The aim of this
study was to investigate the feasibility of hatching and growth performances of
Artemia (A. franciscana) in the unconventional water conditions in Sistan
region, Southeast Iran under laboratory conditions.

Materials and methods: The present study was carried out in the Laboratory of
Reproduction and Breeding Aquatic Animals, Hamoun International Wetland
Research Institute located in Zabol Research Institute in February 2024.
Hatching rate, growth performance (comparison of body length and width),
abundance of each biological form and health (comparison of morphological



characteristics) of A. franciscana under breeding conditions of unconventional
waters in Sistan region were investigated in this study. For this purpose, Artemia
cysts were hatched in plastic jars using three replicated treatments, i.e., control
(Ty; distilled water + sea salt; 35.37 ppt), desalination wastewater (T2; 48.88
ppt), deep aquifer well water (T3; 16.35 ppt), and well water (T4; 28.46 ppt). All
treatments were kept under standard conditions including temperature 27 °C,
light 37 umol/m?/s as well as 12 hours light and 12 hours darkness (12L:12D)
during the experimental period. After 48 h of incubation, the hatching rate of
Artemia cysts was analyzed. In order to evaluate growth performance and health
status, at least 30 specimens from each treatment were randomly selected and
photographed, then body length and width were measured using Digimizer
software. Water quality parameters including temperature, pH, salinity,
ammonia, nitrate, nitrite, sulfate, hardness, Cl, Mg and Cu were recorded using
standard methods during the experiment. All data obtained in this study were
analyzed using One-Way ANOVA, followed by Tukey's test for any significant
differences among the treatments. Pearson’s correlation coefficient (r) was
calculated for the statistical interpretation of the influence of the
physicochemical variables on hatching rate and body length.

Results and discussion: The results showed that hatchability of cysts and body
length of Artemia were significantly different among treatments (p<0.05). The
highest value of 71.32 + 5.41% was recorded in T1 followed by 67.19 + 4.28%
in T3, 51.19 + 2.33% in T4 and 47.81 = 2.78% in T2 on the 48 h after cyst
incubation. The length (mm) of Artemia was higher (0.64 £+ 0.06) in T3 than in
T1(0.62 £0.05), T4 (0.59 £ 0.04) and T2 (0.56 £ 0.05). Instar 2 was the dominant
form in T3 and T4, while instar 2 was the dominant form in the other two
treatments. The morphological characteristics of Artemia were similar and
normal between all treatments. The results showed that although the hatchability
of cysts was more affected by the breeding environment, the growth of Artemia
in all the unconventional water treatments was suitable compared to the control
treatment, and also the morphological characteristics of Artemia were normal in
all treatments. Due to the occurrence of long-term droughts in Sistan region, the
only opportunity for the continuation of aquaculture, especially in recent years,
lies in the use of unconventional saline water resources in this region. So, the
present study provides the first evidence of relatively favorable hatching and
suitable initial growth of Artemia in unconventional saline waters, especially
desalination wastewater, in Sistan region and shows that cultivation Artemia is
biologically possible in the unconventional waters under laboratory conditions.
Conclusion: The data presented in this study generate the first useful
information for the future inoculation of Artemia in unconventional waters
(desalination wastewater, deep aquifer well water and well water) in Sistan, and
hence domestic Artemia production in the country. However, further larger-scale
laboratory work, followed by field trials, is still needed.

Funding: The authors thank the Research Institute of Zabol for funding this
study (Number: PR-RI0Z-1402-8853-1).



()52 5 SIb Glais) oyl dibate & laals slacsl o (Artemia franciscana) Ls,| sl gl s cou, 5 oliS 655 lime oy p ¥

Conflicts of interest: The authors declare that they have no known competing
financial interests or personal relationships that could have appeared to influence

the work reported in this paper.
Acknowledgments: The author would like to thank the helpful assistance

offered by the laboratory staff in Aquatic Sciences Department of Research
Institute of Zabol.

*Corresponding author: Hashem.barani@uoz.ac.ir




oIl 629560 croaul &8 Lin b S olLils
o7 adss T
OY-YO Olxao NFY O'.’.é)ﬂjé aJ9| e)Lp..'l) P JLN du,)a/ :‘,‘o )

DOI: 10.22124/janb.2024.27411.1243

n . 5)-, dli@"

3 bl LT 4o (Artemia franciscana) bod 3T g w gl (o Sty 9 T ART Gy w0 (w3 99

O (B 3 952 (ol dilaio

00l Sl yud (e« Jazmiw x5 lly (Adlawe & SNL lais pbils

Ol ob 5 Gl (bl o bly ofamghy (ygale Mallopn CYB 0uSlimghy byl psle ciwgh 09,5

VESYINYIY i G VESYNYNY 16,555k o b VELY/-AN R sl s s

Gols wlols
o&)’ 6‘.&.&

Sl

ous

slact o (Artemia franciscana) Les 1 sl wosl cwcs ) g oliSwss ol alllas opl 4o
OS5 L) Jlesd ez 50 s slate ol @ ads (s p (28 LoT Iylyd 50 s allaie B3
692) oS cned ol olay =Y «(T1 YOIV PPU (5,55 canld) by Seoi+ jhaie ST ) Jals
FATE PPL (5,58) 5,5l ol ST =F 5 (T3 AVIYD PPL (5 ,58) 8,5 ol T =Y (T2 FY/AA ppt
ax ;0 YV sl ol o lasliwsl dayl s o (eelis FA 9 V) iolosToy90 (b )0 oo ol cois (Ta
W (6l Sob celn VY olidgy cels VY g a4l 5 moye yie o Joeg,50m YV o5 ol 5 le
o) Lead,T 3,0 9 (P10 dajloss dod () (olaS w50 ol 5 51 o jless o a5 olo )Lts gl
Gy cels FA 5l aw SlaSosw ol o yiiion (il 3925 Sl gime Sglas (P<</0 o los Sy
UOVYVAEYIPY) F s (/EYNAE FIYA) Y Jles (6l a5 40 a9 GYVNY £ 0/FV) Y Lo
Vsl ,les 5l s CIEEE /oMM Y Jles )0 Leod )] Jobo oo s (LEYIMY YV Y LS g
5 S B Caren w0 g (/OFE [ OMM)Y o (/08 £ /- ¥ MM) ¥ (+/FY £ /-0 MM)
9w INSEAr 2 s ulioSSl o 51 el FA CuidS 5l am o ¥ sl ,los 5o Loos )T gl S8 by jlous
b g alie o les ples o Lot )T 50 ) Sloogas g A2 INStAr 1 Koo jles g0 p0 457 JI>
@ HemlbisSSl 5l o celo FA G B AL franciscana oY )l 5 oliSess bl opl p 0g
2 sl sl aalllae el o 00 )] glaosls g J1,95 5 55 2L 51 Syt T Dlay 50 03y
Ol adlaie ;0 B)litel Ol ilie )3 31595 (6,55 5 Lood ;| s (L2055 01 55 e DML
IS (o0 o2)9

Hashem.barani@uoz.ac.ir : Jstus oaiusss




(O, Sa 5 S olais) ol aibie )lial glaT o (Arfemia franciscana) Los,| sla ussl oo Sou,y 5 LS )55 (liae oy [9)

@lig Jole 4ds 50 5y0pe ;e Sy L)
Jafaryan et) ses oo gme )l bl 5l 65k
al. 2018; Veeramani et al. 2019; De Ortiz et
e o, .@l. 2021; El-Sayed et al. 2022
el plol J& 5 Jom g golamdl ad o b 655l il
Caato o ookl 3,50 003 53¢ o pmly 4 bl oS
Sorgeloos et al. 2001; ) coul oo s 965!
Jlews 39290 Luos 1 (Zarei Shamsabadi et al. 2022
) ol S 6ssb 4 el ame Lulpd &) Cad (gaslie
S5 e Gl GleolRin 0 (i
«Lenz, 1987; Bowen et al. 1988) _I ol
Triantaphyllidis et al. 1997;) _lsla> oy
S b ogb e coudil byl g (Van Stappen, 2020
lae (Vanhaecke et al. 1987) Lss cabise Llas o
ogill ol e @ 1) Lol )T cilises sladisS (ol plis 20,5
rrara e Gl ball 4 cod )55l g5
2 09 Sl el 43S Olge Ol o0 0lj (595
A e oS et OF Glay 5 (A3 550 o] bl
o) Wit Sluogasr 45 aas o lid salgl ol 1,8
Slyme ste adgi 090 (b ey diy liee S 5l L
FB b 4 opd g oad fuyl ol slagusbl (ol
Gl Oglae e ol8las Gl 0 2y
Vanhaecke et al. 1987; Munoz and Pacios, )
6oL olaw g cwix 90 shad,l WSV sg0 (2010
A. franciscana Ll ;s ,0 45 5,18 0925 15,5 (sleas |
baxg atuily g3l o> b oS Cunl (5 5pglie sl 4595
2 rata Gysncil Glr 455 Huiere Ol 4,
Lel )3 (ol ok 4 Lad)l 5l slaisS o o5 i blie
4 S o 0ol estan j5h glacT L g 0l g2y

.(Van Stappen et al. 2020) w5 d> 095
s allaie 5 St Vsb sla JLSi plus 5 £33
Sl el ool s 5 L3z Julge b o
aox 5l adlhie golaidl slacdld » Lok Hlew
Ebrahimzadeh, ) cuil cas sy9pcp! slacales
yol> J> 50 .(2009; Sardar Shahraki et al. 2020
5 ) Gl dibate [0 0930 (ol molie 5l eolaiwl 4

doddo
Gblis ;o Logas 4 2leS ol 5 Conezr Gal¥ 05l
b ol oo cacl calises sl oS o Siddos § Sis
Soleimani-) wis lag g, & el o golis 5 ool
Sardo and Khanjani, 2022; Karimidastenaei
oS 89 0 aiiS o sl 40 8 )laial wolie (€T Al 2022
Aol il (5555 4y 5 0055 ooliul LB Jsana j5b 4
abal g Sl (gopde il Jlesl
Hossein khanjani ) ol (oo 5 olboosd « S 8)
e &S cpl a4 asg L o.@nd Hajirezaee, 2020
3 oolaiwl sl Sz 9 Sz Lo ,9i5 5l glos xS
Copde 0 g9 009 pdlin,S sanl o Bl slac]
Lewly ool )0 g 09 avlem e g w5 s JluSis
anwgi slooly 51 (SO lame 4 ol ol 4 el (S
Slacley glsil s (L3 10 sl 09 az g 559 55]
Hossein khanjani and Hajirezaee, ) wgs oo
Yl obaidl (35,1 b plpl (F e Ghasn sl &5 (2020
Awal et al. 2016; Matos et al. ) wloos slories

Ly slaol olo;Ses (2017; Ogburn et al. 2023
Sladg laghy, 5l (S (3o 558 slacT 5 bye o)
Ll oot 5l il pol> b jo oS ol (e
Sl Gesb nl 516 Wl (rs Lo 928 aloz 5 ol 25
03951 p 1) 993 bt mlio dnwgs g 0l Jl )5 Cunexr
Greenlee et al. 2009; Omerspahic et al. ) ;L.
la JLuSis pglas 4 a> 5 L .(2022; Oron et al. 2023

P00 85 Sy o0 B 4 ez 50 d ol plie GRalS
5 3995 e S st 4 |y O el e nl lgised
ol el o wlie 3 bl 28,5 Jlai )0 gladlate
5 Ll (golaidl bl 5l cremg b og Lo
olyor 4y 1) (e Gy Collasls Sl o lgan ( iilage
(Lisitsin et al. 2008; Sanchez et al. 2015) s s
O ol sl glos S ole Dlidos 3l slalu o
ol o s yo ol b ol sleolaiul g o g Oase
Dementyev and Marfenin, 2019;) <.l

(Ogburn et al. 2023; Madkour et al. 2023



FYLOFY 00,9,8 050 o,leds quas Jlo) (bl wdss

g b Lol I 0550 sle 5 OT 2 S g b S
ab adlol sk 4 Caes 25 Y Gl e
e oisleyl 6,90 b o (Sorgeloos et al. 2001)
Salma et al. ) o5 ilo ax,0 YV Lo lales ples
0)9 4l p mpo yio p J5ag,Sen YV 55 St (2012
b ol pglae aolgs g olidg ) Ko, celw VY (5,9
FA 5 VE cndS 5l G oS o ol s slp
VO digein; 8 LSS 52 5l (gl plej 5l el
Vanhaecke and) oas  awsly,  yids S
748 Sl aaiges cots sl (SoOrgeloos, 1989
(N) oo HleS o358 slacuwms olow ab ol
eslanad b (D gkt (U) 2 Glagusdil
oyl (SMZ-1, Nikon, Japan) wsSuwg Seags il
H) @leSo3s aoys anulre sl 25 Jge 8 5l iad
:(Van Stappen, 1996) .5 oslaul

H%= (Ix100)x(1+U+N)*
Codl g (O% by 5 Bl a8, o Ses b5, 6l
Sl celh YA 5 VY 5lam (on ) Sloogas anslis)
5 oLl (Solai jsb 4 wiges Yoo Jlao Lo o
Digimizer l5éle 5 5l oolital b g wad (5,08, pgas
coimred A3 (6 S0l Les T oy sligy o e (O/F)
b slrazinld lo s PH (5558 liee 65 o5l
s Dy (Cl2) )15 s woieie Joli) o
@55 5l odlitl b oo 5 & (e 5 poigel vl
Palintest™ ) cos b jiegd oKws 3 ;e PH
0,5 e i el (8000, Tyne & Wear, UK
oy Sl b gl i) 3l eslil L 5 (G
&b e (Mohr’s Argentometric method)
(Mohr 1856)

Sobol Juloxd g 4 i
Lbog iy 4 bosls Luib,ly oe Ko 5 Jloys la!
Levene , Kolmogorov-Smirnov s se;
5 4525 daosls g Jloy 5l pliebol 5l g ot (o2
One- ) as,b s il lg 5 JUT oy, 5 eolitul b Judow
5 Sl awslie sl .o pll (Way ANOVA

G350 )k elgl 1) )5 sloelz alaz 5l ()l loc]
& @lie )5 gloely el oud ax g (65 5L4S slaolz
Fa Ve 5l G Goe b lpl s Gl ddlate )5 50eby
Ve Gee b aloolz 4 alllas 0l )3 (65,5LaS ol aitn
Uit b 5 slaol 5 aS s ls o Lil adlaie ,o ;2 \V
glio nl S o2 y3 4 azgi b 500 Bk 5l g 06,5 e
aibie 0pb OF el lp oS et O Ll
Sl Gl asllas cpl jo aS Cnl arwgs > o ol
e 6l ¥ 5 el O (gl 4 bgrpe (0 (et
50w jeh ol mle ol 5l eolatul Lol sl sslasl
okl B Gasn 9 Goansil sl eyl e
& el e @lopes el Cusl (Sas (5,28
sy S)lgls o)l g aalys Gl 55 s
Ol ede a1y LT (b g p 1 0Bl e 55 dilaie ()l
Olye @ Olgiee (haeme Ll 0 4y ol Coaslie o goladl
A 50 dibate (555 Gl Sl cilie 23l WS S,
058 Ol )l slp B sl adlllas Gl 288
b solis al e o Loty l cosdls 5 0y o Shos o olif
5 D)) oy epara Wiz Hed slaol mle i eslinul

gy 9 dlge
0uSiagy bl o 9 5SS olftales] y yol adlllas
055 Oljee b plmil bl oRaaghy (gale (Mol SYE
JB=al 55 (o slwg 5 131o) by oo 5 olaS
Al Loyl 48 o5, ol 5 ) Al
o Slse 5l el el L5 e franciscana
-V Jels e Jlex pgkaine ol sl og addllae ol 5o
¥ (T2 YOIV PPE 5,08 wals) s Sos g ke o
FYIAA PPL 555—2) S5 oz 05 s ©f Sloy
(T3 AVIXO PPt 5,9-2) ¥ o lais B35 ol T -Y (T2
L (T4 YAIEP PP g )5—2) (5555l88 oz T =¥ 4
—oolel 5l u s OBl Gl o gl LSS aw olans]
Ol olordisSo s slaazminl b walize la)los 5l
OgeboSl sl () Jgoz) Wl (g xS ojlal ey sl
o 4ol eolaiul g VB by e Bg\k 5l beenw



(O, 5 S olais) ol aibie )leal glacT o (Arfemia franciscana) Los,| sla s sl oo Sou,y 5 LS )55 (liae oy [FY

G5 ol ploandssSysed Coogaz V) @ byye bl
el oo ool las Y Jga ,0 ,les o gl ol eas
Jostan Sl s 33 e B Lozl plas L
9 Ol oo (S gb 390 50 (P2 0) Clls 992
WS b Sl Jled x2S
Syt e PH Y Jgoor & a2 95 L Gizen (P<-10)
byl e ) Sglds (pieS a5 Wog alaasls IS

il las

glosl ye Olsie a2 P</0 g wl eolisl (Se (505
O ety p Sy ad aBS e (gl
a5y 0 8kes 5 2liSp (e 5 (atne Gladzl
—0925) pled o ooliiwl gy Siwaed 5 (G 151,0)
ey 6z 5 SPSS 581 o5 5l eslit L 398 cs,lol sl

s oolizd EXCRl 38 oy 51 Lo oges

Ol (2 Lo g b ay o

Table 1 Physicochemical characteristics of water in the treatments used in this study
2ol axdllan 53 oo ooliiwl (6o Lo O Loy 3ud s S g ) Jgu

Parameter T1 T3 Ta
Salinity (ppt) 35.08 + 0.06¢ 42.88 +0.11° 17.35 + 0.04° 28.46 + 0.07°
pH 8.25 +0.082 9.14 +0.03° 9.23+0.02° 9.02 +0.03"
Mg (mg/L) 563.65 + 5.67¢ 369.55 + 4.64° 157.45 £ 2.292 237.88 £ 1.79°¢
Cu (mg/L) 0.014 £ 0.001° 0.011 £+ 0.002° 0.005 + 0.0018 0.006 + 0.0022
Cly (mg/L) 0.015 + 0.0022 0.035 £ 0.005° 0.008 + 0.0022 0.011 + 0.0012
Cl- (mg/L) 19702.5+177.58 19395.30+113.58 2340.83+130.72° 9478.40+106.50°
Sulfate (mg/L) 226.55 + 4.14° 116.61 + 2.042 196.33 + 1.65° 120.18 £ 1.762
Nitrite (mg/L) 0.002 + 0.0003° 0.002 + 0.0002° 0.001 + 0.00012 0.001 + 0.00012
Nitrate (mg/L) 197.45 £ 2.31° 252.88 + 3.2044 149.98 + 2.85° 112.19 + 2.692
Ammonia (mg/L) 0.006 + 0.0012 0.586 + 0.015¢ 0.218 £ 0.007° 0.598 + 0.03¢
Hardness (as CaCOs) 72.44 +1.452 259.48 + 3.07¢ 490.77 + 4.99¢ 187.30 + 1.75°

Different letters in each row indicate significant differences between different treatments (p<0.05)
P<T0) sl jloss o Sre BT onims lis (0, ;0 j0 @it By,

FARIA B I = Y/Ze) J)) oL> u_;‘ )Lo..u O .by).n o”l"‘“f

& SleFo3S Glme Cpyider 5 og (LFVIAY £ YIVA
clas Hlas 5 CVVYY £ 0/F)) sals Jlas 6lp ous 5

Celu FA CB3S 5 am (LEYNA £ FIYA) (S ety O

el Gty gumbigSS |

LS o5 (50
5 Y CindS 5l L sl o 0 liS w50 so e (uSilee
oads ool Hlad Y JSE [0 eSSl ey 5l cels TA
O ‘S’Lunfrb.?!J Q‘}:A axJlaso 3,90 QlA)‘ 90 & 4O ]
—058 Ol op S ol s o ixe glas ba Lo



FELQOT Y 29,58 05 o)lads (s JLo) ng}g-l PURVLs

(e
o
I

QD

60 S
: I
= 28 | % § =48 h
0 | ‘..§ E ‘.§
T1 T2 T3 T4
Treatment

Figure 1 The hatching rate of A. fransiscana in the treatments used in the present study. Unlike letters
in each column indicate significant differences between different treatments (p<0.05).
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Figure 2 Average body length of A. fransiscana in the treatments used in the present study. Unlike
letters in each column indicate significant differences between different treatments (p<0.05).
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Figure 3 Average body width of A. fransiscana in the treatments used in the present study. Unlike
letters in each column indicate significant differences between different treatments (p<0.05).
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the present study.

ol axlllao 55 oo osliiw! b yloni 33 LlSummmmnd! 16 Lo )T ((siwns ) iz JUSCiN) o3 Ui o5 o ki ¥ JSC

Sl y» glacl (Jou ) amslio

CidS 5l o LT INStar 2 a bgs o pgas & S5 0
S97y Slamalie (o) ln less 2 )0 (9 Sl FA
olis eSS e b couw Jlas| a5 ) sl
50 i a5 098 o odalive b jlad plad ;o .ol 0als cols
55 Leod)T S35 s 8 b U5 @ 055 ol (S
gyl Cunsg .ol (Sloged 4 Lle) aslis b ,les plos
5 Gl LSS g b baigad pled ;o 5)le8 olSiws
ol o @l lajlens BB ey (B, s lal
s ealive Lad, | S055 5l al> ye

(P ) i JBLN) LS o (g yuiio £33

Leod 5
A5l b jled (e o 098 o0 ovalin ¥ SE 4 x>y L
4 0yl0 3925 gl Leod (e calizee JULE] s
JSo iy )5 olx ol g wals jleas )0 a5 g5k
S yo i S Instar 2 g o Instar 1 4 by 5

g2 65y5keS ol ol g St of lay



(O, 5 S olais) ol aibis )luial glacT o (Arfemia franciscana) |os,| sla s il oos Sou,y 5 LiSw505 (liae oy [PV

Figure 5 Morphological characteristics of A. franciscana after 48 hours of cultivation in the

treatments used in the present study.
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