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Introduction

 Aquaculture continues to grow more rapidly than all other animal 
food production sectors in the world. Production from aquaculture 
has outpaced population growth, with the annual average per capita 
supply from aquaculture increasing at the rate of 7.1 per cent [1]. 
Success of any aquaculture venture principally depends on the timely 
availability of suitable larvae and fingerlings of cultivable size in the 
required numbers and this can only be provided by a hatchery based 
larval production system [2]. In hatcheries, live feeds play a key role 
in deciding the survival, growth and development of the larvae [3,4]. 
Live feeds can stimulate the feeding and improve the digestive pro-
cess of the larvae than the artificial micro diets through its prey-preda-
tor interactions and exogenous digestive enzymes that aid in digestion 
[5,6]. Since larvae cannot biosynthesize the essential Polyunsaturat-
ed Fatty Acids (PUFAs) namely 20:5n3 and 22:6n3 from its precur-
sors, it has to be supplied through external diets especially live feeds 
[3,7,8].

 Among the different live feeds, Artemia are widely used as the 
starter diet in larviculture, mostly because of its on-demand hatching 
ability, soft texture, motility and nutrient content. Although all stages 
of Artemia are suitable diet for diversified group of finfish and shell-
fish larvae, nauplii stage is considered as the most preferred larval 
diet. Hatching efficiency, nauplii size and nutrient profile are the fore-
most indicators that determine the suitability of the Artemia for larvi-
culture. The nauplii size is the most important factor in larviculture. 
This is because most of the finfish larvae are small with narrow buccal 
openings, and therefore, exogenous foods of small size are needed 
one or two days after hatching by which time vitellinic reserves are 
depleted [9]. Selection of the diet by the larvae depends to a great 
extent on the prey size rather than its nutritional quality. Pepin and 
Penney observed a positive correlation between the mouth widths of 
the larvae with the prey size. Live feed- larvae interactions have been 
studied in many fish species [10]. According to Munk [11], the prey 
size preferred by cod larvae is about 5% of its length. Fernandez-Di-
az. et al., reported that the preferred size of live and inert prey for 
gilthead sea bream larvae is a function of mouth size in the range of 
0.1-0.8 times the mouth width. Marine larvae switch to bigger prey 
slower than their physical capacity to ingest larger prey. In this sce-
nario there is a need for reducing the Artemia nauplii.

 Heritability of the trait has an important role in the genetic gain 
realized from selective breeding since it determines the proportion 
of the selection differential that can be transferred to the progenies. 
Heritability is the proportion of the variance in a trait among individ-
uals that is attributable to the differences in genotype. It in the narrow 
sense is the ratio of additive genetic variance to phenotypic variance. 
Heritability is a concept that summarizes how much of the variation in 
a trait is due to variation in genetic factors [12]. Frequently, heritabil-
ity is used in reference to the resemblance between parents and their 
offspring. In this context, high heritability implies a strong resem-
blance between parents and offspring with regard to a specific trait, 
while low heritability implies a low level of resemblance [12,13] has  
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Abstract
 The present study was aimed to develop an Artemia strain pro-
ducing small nauplii through selective breeding. Fifteen generations 
of mass selection was carried out for the reduction of nauplii size in 
the indigenous Artemia, which was identified to be Artemia francis-
cana naturalized in the Indian salinas. Mean values of life history 
traits, heritability of nauplii size, selection differentials, standardized 
selection differential, and predicted and realized selection responses 
were estimated from the full sib data. The selection response real-
ized from fifteen generation of selection was 14.9 per cent reduction 
in nauplii length (from 517.0 ± 39.8 µm to 439.3 ± 27.0µm). Five per 
cent reduction in cyst size (from 224.83 ± 14.81 µm to 212.5 ± 9.5 
µm) was realized as correlated response. Concurrently with the re-
duction in nauplii and cyst size, significant increase in cyst hatching 
percentage (10%) was also realized as correlated gain (from 54.4% 
to 64.58). Heritability estimates (h2) were found to be generally very 
high. Heritability estimate for the first day nauplii length, pooled for 
the fifteen generations was 0.94 ± 0.27. The reduction gained in nau-
plii length selection indicates the efficiency of selection. Since nau-
plii/cyst size and hatching efficiency along with the nutrient profile 
are the prime indicators that determine the suitability of Artemia as 
larval feed, the selectively bred Artemia of the present study make it 
a promising strain for larviculture activities.
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used the intra-sire correlations or regressions of offspring on dam as a 
method of estimating heritability. Falconer [14] defined heritability as 
the regression of breeding value on phenotypic value (h2 = bGP), which 
is equivalent to the square of correlation between breeding values and 
phenotypic values (h2= r2

GP).

 Information on the selective breeding studies in Artemia is scanty. 
However, heritability estimates of hatching percentage, cyst size, 
growth rate, thermal stability and heat resistance have been reported, 
and these reports have indicated the superiority of genotypic influence 
over the phenotypic control on these traits [15-18]. Half-sib analysis 
of the naupliar length data of Artemia franciscana by Shirdhankar & 
Thomas [19] have shown heritability values of moderate magnitude.

 Selective breeding in Artemia franciscana for reduction of the 
naupliar length by Shirdhankar & Thomas [19] have shown that it 
is very much amenable to selection as the genetic gain realized was 
substantial. Clegg et al, [16,20] reported that the changes in thermal 
stability and heat resistance may occur extremely rapidly using genet-
ic selection in Vietnam strain of Artemia.

 In this scenario, the objective of the present study was to develop 
a small nauplii producing Artemia by selective breeding. Generation’s 
wise estimation of heritability of naupliar size, life history traits and 
hatching percentage were also made from the selectively bred Arte-
mia and compared with the base generation.

Materials and Methods
Collection of Artemia cysts

 Artemia cysts collected from the hypersaline habitats of Kelam-
bakam (CKF), Southeast region of the India (12047’ N - 800 13’ E) 
during 2008 were brought to the Central Marine Fisheries Research 
Institute, Cochin laboratory in hypersaline brine filled polyethylene 
bags. These cysts were cleaned and processed by biphasic flotation 
method and dried under sun.

Hatching and rearing

 Base generation of Artemia (G0) was developed by hatching the 
cysts (1gm Lr-1) following the established procedure [21]. Freshly 
hatched nauplii were harvested and stocked (5 individuals per mL) in 
cylindrical acrylic tanks containing 35 ppt seawater (10Lr). Optimum 
temperature of 25±10C, with mild aeration and photoperiod of 12h 
D: 12h L were maintained in all the three rearing tanks. Microalgae, 
Isochrysis galbana (30 X 104 cells ml-1) taken from the microalgae 
culture facility of Central Marine Fisheries Research Institute, India 
were used as the feed (two times a day) for rearing Artemia daily. 
Artemia tanks were monitored daily and ten percent of the culture 
medium was exchanged daily using fresh seawater.

Selective breeding

 Mass selection was carried out following the established method 
described by Falconer [22]. Freshly hatched Artemia nauplii (about 
1.5 lakhs) were used as base generation, and the small individuals 
(15,000 constituting about 10%) were selected using different mesh 
filtering unit of 500, 480, 450 and 400µm. Selected individuals were 
restocked (1 individual per mL) in to round acrylic tanks (12Lr) 
containing seawater (35 ± 2‰) for further rearing. The selected and 
unselected individuals were reared separately under standard culture 
conditions described above. By the age of fourteen days, males and 
females of both the selected and unselected populations started to  

form riding pairs. From the selected population, the precopulatory 
pairs (1,000 pairs) were selectively harvested and stocked (1 precop-
ulatory pairs per 20 mL) in cylindrical acrylic tanks (20L) and reared 
under uniform conditions.

 Riding pairs started to produce first generation progenies (nau-
plii) from the third day (D3) of stocking. These progenies were col-
lected and restocked in 3Lr plastic containers (2individuals mL1). 
Small progenies were selected to produce the next generation (G2). 
Likewise, progeny collection and selection process was continued 
up to eighth day (D8). The selected Artemia were finally pooled and 
reared in 50Lr circular acrylic tanks (5 individual per mL). From the 
offspring produced by G2, small nauplii were further selected as de-
scribed earlier to produce the next generation (G3). Selection for small 
size nauplii were carried out for fifteen generations (G1 to G15).

Recording and analysis of nauplii length, cyst biometry 
and hatching percentage

 Nauplii length: Nauplii length or First Day Length (FDL) of the 
generations (G0 to G15) of the selected animals were recorded from 
the representative samples using a microscope attached with DIGI 
EYE 330 camera and software (Dewinter Bio-wizard, India) and the 
mean values were estimated generation wise.

Cyst biometry

 The Selectively Bred Artemia Strain (SBAS) biomass was scaled 
up in one ton fiber-reinforced plastic tanks (FRP) following the stan-
dard culture conditions. Thereafter the salinity of the culture medium 
was increased slowly (10 ‰ daily -1) to 250 ‰ to induce the oviparous 
reproduction in the SBAS. The newly formed cysts were collected, 
cleaned, processed, and dried under the shade and stored (40C) until 
further analysis. To estimate the cyst biometry, cysts were incubated 
in fresh water at 280C for 2 h for hydration and fixed with Lugol’s 
Iodine solution to arrest further development and retain its circular 
shape. The diameter (µm) of the 500 representative cyst samples from 
each location was measured using a microscope attached with DIGI 
EYE 330 camera with the Dewinter software (Biowizard). Cyst bi-
ometry was compared with the reference strains such as A. francis-
cana (SFB), Artemia salina (ASL) Artemia tibetiana (TBS), Artemia 
Vietnam strain (VVC) and also with the native Artemia strains (CKF, 
GMJ, TTJ, TMM, VDA, and TNM).

Hatching percentage

 Hatching percentage of the SBAS were analyzed and compared 
with the reference Artemia and other indigenous Artemia collected 
from different hypersaline habitats of India viz., Vedaranyam (VDA), 
Tuticorin (TTJ), Marakanam (TMM), Tamaraikulam (TNM) and 
Gujarat (GMJ). Artemia cysts were individually incubated in micro 
plates (96 well) having seawater (35‰) at room temperature, and 
kept under light. The plates were observed hourly after 8 hours of 
incubation for nauplii. Hatching percentage (H %) of the cysts was 
calculated from the data as follows: hatching % = (number of nauplii 
hatched /total number of cysts) X 100.

Heritability estimation

 Heritability of the selected trait was estimated for each generation. 
Heritability estimate from the data generated through pair mating. 
Generation wise heritability estimates were then pooled and mean 
heritability was estimated.
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 The variance component analysis was used to estimate sire com-
ponent of variance, and heritability was estimated from it. The linear 
statistical model used was

Yik = µ + P + eik

Where,

Yik = Observation of the kth progeny of the ith sire

µ = Overall mean

Pi = Effect of ith sire, where i= 1, 2, 3…..P

eik = Random error attributed to individuals, assumed to be normally 
and independently distributed with mean zero and variance σ2e.

 The Degree of Freedom (D.F.), Sum of Squares (SS), Mean sum 
of Squares (MS) and Expected sum of Squares (EMS) used for esti-
mation of heritability are given below:

Analysis of variance

Where,

P = Total number of pairs

N = Total number of progeny

K1 = Average number of progeny per sire

σ2 = Pair component of variance

σ2
W = Error variance component

Computational formula

Estimation of variance and heritability

σ2
W = MSW

The value of K1 was calculated from the following formula:

 Standard error of heritability was calculated as per Swinger et al., 
[23] using the following formula.

Where,

 ‘t’ is interclass correlation

 The heritability estimates were pooled over generations, following 
the procedure of Enfield et al., [24]. The formula for pooling the esti-
mate is as follows:

Where,

h0
2, h1

2, h2
2, h3

2, h4
2, ……… hn

2 are the heritability of character in the 
corresponding generation G0, G1, G2, G3, G4, ……… Gn.

V0, V1, V2, V3, V4, Vn are the squares of standard error of corresponding 
heritability’s.

Selection differentials

 Selection differentials were calculated as the difference between 
the mean of the selected individuals who has parented the next gen-
eration and the mean of the population before selection of the parents 
[14]. Standardized selection differential was estimated following the 
method described by Falconer [22].

 Predicted response and selection gain in each generation was esti-
mated from the full sib data following the method described by Fal-
coner [22].

Predicted genetic response (R) = i σ2p h2

 R = Average predicted response per generation

 i = Standardized selection differential

 σ2p = Phenotypic standard deviation of the trait under selection

 h2 = Pooled heritability of selected trait

 Pooled heritability was used for prediction of response since it is 
supposed to be more accurate than individual generation estimates 
[25].

Source of variation D.F. SS MS EMS

Between pairs P-1 SSP MSP σ2
W + K1 σ

2 P

Between progeny within pairs n-P SSW MSW σ2
W

Sources of variation Sum of squares Mean squares

Correction terms (C.T.) Y…2

ni

--------

Between pairs ∑ Y…2 -C.T.
ni

MSP = SSP / S-1

Progeny within pair ∑i∑j Yij
2 - ∑ Yi

ni

MSW = SSW / n. - P

http://doi.org/10.24966/AAF-5523/100041


Citation: Vikas PA, Sajeshkumar NK, Thomas PC, Chakraborty K, Jayasankar J, et al. (2021) Reduction of Nauplii Size in an Allochthonous Artemia Strain 
through Selective Breeding. J Aquac Fisheries 5: 041.

• Page 4 of 7 •

J Aquac Fisheries ISSN: 2576-5523, Open Access Journal
DOI: 10.24966/AAF-5523/100041

Volume 5 • Issue 2 • 100041

Statistical analysis

 Generation-wise means of all parameters were examined for sig-
nificance by Analysis of Variance (ANOVA) using the Duncan multi-
ple tests by SPSS programme 13.0 (SPSS Inc, Chicago, USA).

Results
Phenotypic parameters

 Morphological observations revealed the length of the freshly 
hatched Artemia nauplii within the base generation (G0) ranged from 
400.0 µm to 570.0 µm with a mean value of 517.0 ± 39.8 µm (Table 
1).

Heritability estimates of nauplii length

 Heritability estimate of the Artemia nauplii (first day length) are 
presented in table 2. Heritability estimates of the selected Artemia 
showed generation to generation variations. Heritability was 0.99 ± 
0.36 in the base generation while it varied between 0.36 and 1.64 
in other generations. Though, the heritability estimates and the stan-
dard errors associated with individual generations varied widely the 
pooled heritability and standard error of the selected trait was 0.96 ± 
0.01 (Table 2).

Selection differentials

 Mass selection was practiced in the Artemia nauplii to bring about 
change in nauplii size. Selection differentials and standard selection 
differential are presented in table 3. Selection differential in the base 
generation was -25.97 and it showed variations over the generations. 
Selection differentials ranged from -33.17 to -8.66 µm in other gen-
erations. Lowest selection differential was noticed in G14. Standard 
selection differential was -0.65 at the base generation and it showed 
generation wise variations and ranging from -0.95 to -0.27. Pheno-
typic standard deviation of the different generations is illustrated in  

table 3. Base generation showed highest phenotypic standard devia-
tion (39.84 µm) followed by G4 (38.75 µm) and G2 (38.59 µm).

Response to selection

 The generation wise mean values of nauplii length with stan-
dard deviation are presented in table 1. The mean nauplii length 
was 439.3±27.0 µm, after fifteen generations of selection, as against 
517.0±39.8 µm in the base generation. A gradual decrease in nauplii 
length was noticed during the selection process. Mean nauplii length 
was 514.6±20.5 µm in G1 while it was 504.7±38.5 µm in G2, like-
wise reduced in other generations also. Selection gain was -2.40 µm  

Generation Mean nauplii length with SD* (µm)

G0 517.0±39.8a

G1 514.6±20.5ab

G2 504.7±38.5abc

G3 501.7±20.3c

G4 491.0±38.7cd

G5 490.1±19.4cd

G6 482.5±23.1de

G7 477.1±27.1ef

G8 471.4±27.1efg

G9 464.1±30.1fgh

G10 463.4±24.8fgh

G11 459.4±21.4gh

G12 454.5±29.1hj

G13 452.2±25.0hjk

G14 444.4±31.8jk

G15 439.3±27.0k

Table 1: Generation wise mean nauplii length (µm) in selectively bred Ar-
temia.

* SD= Standard Deviation.

Values with same superscript are not significantly different at (P>0.01).

Table 2: Heritability estimate and standard error of the Artemia nauplii 
(first day length).

Table 3: Selection differential of length (µm), Phenotypic standard devia-
tion (µm) and Standard Selection differential of the fifteen generations of 
selected Artemia.

Generation Heritability Standard error

G0 0.99 0.36

G1 1.10 0.30

G2 0.73 0.39

G3 1.27 0.24

G4 0.47 0.18

G5 0.98 0.35

G6 1.09 0.28

G7 0.31 0.23

G8 0.36 0.31

G9 1.36 0.24

G10 1.21 0.29

G11 1.15 0.22

G12 1.64 0.21

G13 0.42 0.28

G14 0.53 0.30

G15 1.46 0.19

Generation
Selection differen-

tial (µm)

Phenotypic stan-
dard deviation 

(µm)

Standard Selection 
differential

G0 -25.97 39.84 -0.65

G1 -33.17 35.52 -0.93

G2 -29.98 38.59 -0.78

G3 -32.54 34.38 -0.95

G4 -24.17 38.75 -0.62

G5 -25.78 27.48 -0.94

G6 -21.26 23.15 -0.92

G7 -16.52 27.19 -0.61

G8 -13.73 27.10 -0.51

G9 -10.19 30.13 -0.34

G10 -11.43 24.86 -0.46

G11 -11.82 21.44 -0.55

G12 -14.19 29.19 -0.49

G13 -14.02 25.09 -0.56

G14 -8.66 31.84 -0.27

G15 NA 27.09 NA
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in G1 while it reduced sharply in G2 to -9.86 µm maximum selection 
gain was noticed in G4 (-10.70 µm) and minimum was in G10 (-0.76 
µm). Selection gain in the Fifteenth Generation (G15) was -5.13 µm. 
Cumulative selection gain after the fifteen generations of selection 
was 77.67 µm table 4.

Correlated response

Cyst size: A reduction in cyst size was realized in the Selectively Bred 
Artemia Strain (SBAS) as a correlated response. After 15 generations 
of selection the cyst size in the selected line got reduced to 212.5 ± 9.4 
µm from 224.83 ± 14.81 µm in the base generation. It was also small-
er than reference strains VVC (218.26 ± 10.84 µm), SFB (222.0 ± 
14.5 µm), ASL (261.7 ± 17.4 µm) and TBS (319.4 ± 24.7 µm) as well 
as the other indigenous strains studied (236.4 to 219.6 µm) (Table 5). 
Duncan’s multiple range test categorized Artemia strains based on the 
cyst size into eight different homogeneous subsets. SBAS formed the 
first sole group with lowest cyst size, while the reference VVC and 
SFB strains and the native TMM strains formed the second group 
with marginally higher cyst size (218 to 221 µm). Other native strains 
viz, VDA and TNM, and exotic species like ASL and TBS which 
possessed significantly higher cyst sizes (231.56, 236.38, 261.72 and 
319.39 respectively) formed different subsets (Table 5).

Hatching percentage

 Selective breeding for nauplii size reduction resulted in a correlat-
ed increase in the hatching percentage also. At the end of 15 genera-
tions of selection the hatching percentage in the selectively bred strain 
was 64.58% as against 54.4% in the base generation which is collect-
ed from wild. It was higher than other indigenous strains except GMJ 
(84.52%) and exotic strains except SFB (72.22%).

Discussion
 The genetic studies in Artemia are limited to cytogenetics, genetic 
diversity, molecular taxonomy, phylogenetic analysis, etc. There is 
an apparent knowledge gap in quantitative genetics of the Artemia 
since only few attempts to study quantitative genetic parameters and 
quantitative genetic manipulations have been made hitherto. 

 In the present study, 14.9 per cent reduction in the nauplii length 
was realized from fifteen generations of selective breeding for size re-
duction in the indigenous Artemia. Concurrently, 5 per cent reduction 
in the cyst size and 10% increase in hatching percentage were also 
realized as correlated response in the selectively bred Artemia strain.

 The nauplii length in the SBAS could be brought down to 
439.3±27.0µm from 517.0±39.8 µm in the base generation through 
fifteen generation of mass selection. Size-wise, it is smaller than the 
nauplii of the commercial strain of Artemia franciscana (502.6±97.13) 
hatched along with the selected strain, and naupliiar size reported for 
A. franciscana (487.07 µm and 490.67 µm) by Shirdhankar et al., 
[26]. Needless to say it is smaller than the naupliiar size reported for 
various Artemia species globally viz., Artemia franciscana, Greek Ar-
temia sp. (507.4 to 455.0 μm) [27], Artemia urmiana (466.3 to 505.0 
μm) [28], Spanish Lamata Artemia (469.2 μm) [29], Italian Margher-
ita di Savoia Artemia (517.0 μm) [30], Portugal Samouco Artemia 
(503.5 μm) [31] and Artemia tibetiana strain (667.0 μm) [32]. The 
Italian Tore Colimena strain (422.7 μm) has the smallest nauplii 
length [33].

 Correlated response by way of reduction in the cyst size and in-
crease in hatching percentage were also realized in the selectively 
bred Artemia strain. Selection has resulted in 5% (-12.34µm) reduc-
tion in cyst size than that of base generation. SBAS cyst was found 
to be smaller than that of various Artemia strains reported worldwide 
viz., A. urmiana (262.7 to 286.6 μm) [28], Srilankan Artemia sp. 
(248.7 to 267.9 μm) [34], Algerian Artemia sp. (236.0 μm) [35] and 
A. parthanogenetica (260.0, 244.9 μm) [29,36]. The reduction gained 
in cyst size and nauplii length after fifteen generations of selection 
indicates the efficiency of selection. Phenotypic differences observed 
among the offspring were due to genetic differences among parents 
pursuant to selection because all were cultured under the same envi-
ronmental conditions. Size reduction following the selective breeding 
is brought about through changes in gene frequencies at loci that in-
fluence the selected character [22]. Selection induces a change in gene 
frequency by separating the individuals into large and small groups  

Table 4: Predicted, realized and cumulative gain (µm) in nauplii length of 
Artemia from fifteen generations of selective breeding.

Table 5: Mean cyst diameter of the base, selectively bred Artemia strains 
(SBAS) and the different reference Artemia strains.
1SD: Standard Deviation, 2SE: Standard Error, 3CKF/ Base strain: Kelam-
bakam, 4SBAS: Selectively Bred Artemia Strain, 5TTJ: Tuticorin, 6TMM: 
Marakanam, 7VDA: Vedaranyam, 8VVC: Artemia Vietnam strain, 9TNM: 
Tamaraikulam , 10GMJ: Mithapur- Gujrat, 11ASL: Artemia salina, 12TBS: 
Artemia tibetiana and 13SFB: A. franciscana.

Values with same superscript are not significantly different at (P>0.01).

Generation Predicted gain (µm) Realized gain (µm) Cumulative gain (µm)

G0 -24.93 NA NA

G1 -31.84 -2.4 -2.4

G2 -28.78 -9.86 -12.26

G3 -31.24 -2.97 -15.23

G4 -23.2 -10.7 -25.93

G5 -24.75 -0.95 -26.89

G6 -20.41 -7.61 -34.49

G7 -15.85 -5.33 -39.82

G8 -13.18 -5.78 -45.6

G9 -9.79 -7.21 -52.81

G10 -10.97 -0.76 -53.57

G11 -11.35 -3.94 -57.51

G12 -13.63 -4.96 -62.47

G13 -13.46 -2.31 -64.78

G14 -8.31 -7.76 -72.54

G15 NA -5.13 -77.67

Artemia strain Mean with SD1 (µm) SE 2

Base generation3 224.83 ± 14.81a 1.3

SBAS4 212.49 ± 9.418d 1.41

TTJ5 223.35 ± 11.57ca 0.85

TMM6 219.63 ± 10.99bc 1.54

VDA7 231.56 ± 15.61e 1.17

TNM9 236.37 ± 19.00f 2.03

GMJ10 226.16 ± 14.01a 1.42

VVC8 218.26 ± 10.84b 1.16

ASL11 261.72 ± 17.35g 1.66

TBS12 319.39 ± 24.74h 2.41

S ྱ3 221.95 ± 14.45bca 1.46
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with a difference in gene frequencies, from which the small groups 
were selected for developing the SBAS.

Heritability of the selected trait

 Trait under selection was nauplii size and the full-sib values of 
nauplii length were used to estimate the heritability. Higher heritabil-
ity (h2) estimates were obvious in the different generations of Artemia 
subjected to selection in the present study. Heritability estimated from 
the full sibs produced from pair mating is the heritability in the broad 
sense and it represents the ratio of the total genetic variance to the 
total phenotypic variance. The total genetic variance includes additive 
genetic variance, variance due to dominance deviation and epistatic 
interaction [37] and hence are of higher magnitude than the estimate 
from half-sib data. Lester [38] has reported that the maternal effects 
and genetic difference among families may also result in an inflated 
value for heritability estimated from full sib data resulting from pair 
mating.

 Though the pooled h2 estimates for FDL in the SBAS was high 
(0.96 ± 0.01), it was lower than the h2 estimates of A. franciscana 
strain (1.33 ± 0.04, 1.4 ± .04 and 1.3 ± .04) as reported by Shirdhankar 
& Thomas [19]. High heritability estimates values observed in full 
sibs from sire dam pair mating may be due to a substantial quantum of 
dominance deviation and / or epistatic interaction and maternal effects 
in the population under study as suggested by Shirdhankar [37] and 
Lester [38]. Briski et al. [18], observed wide variations in h2 values 
in the Artemia sp. subjected to selection (0.11 to 0.95). Reports of h2 

estimate beyond the normal theoretical limits in several species are 
not uncommon in the literature [39,40]. Lester [38] suggested that the 
maternal effects and genetic differences among the families can result 
in inflated h2 estimates from full sib data as evidenced in the early 
growth phase of Penaeus stylirostris (1.31 ± 0.62 to 0.64 ± 0.58). Fal-
coner [41] has observed that variations in the h2 often occur in gener-
ations, but they do not follow any particular trend as reported earlier. 
According to Wickins [42], ectotherms aquatic animals generally lack 
sophisticated endogenous homeostasis mechanisms like mammals 
and birds possess, and because of this environment holds profound 
effect on phenotypic expression of the individual’s genotype.

 The h2 estimates of the FDL from the present work clearly indicate 
that the genetic effect on the nauplii length of Artemia sp profound. A 
substantial portion of the variance in the population is due to additive 
genetic variance, which is reflected in the cumulative selection gain of 
the mass selection programme. However, the higher h2 values indicate 
that non-additive genetic factors are also contributing substantially to 
the total genetic variance.

 Hatching percentage is an important quality indicator which de-
cides the potential of the Artemia strain for aquaculture application. 
The present study shows that the cyst hatching percentage has signifi-
cantly improved after the selection (10% increase) when compared to 
the base generation. The SBAS had higher hatching percentage (64%) 
than the unselected indigenous strains studied (45 to 55%), except the 
GMJ strain and exotic SFB strain of A. franciscana.

 Nauplii/cyst size, hatching efficiency and nutrient profile are 
considered as the prime indicators that determine the quality of the 
Artemia strains for larviculture. The selectively bred Artemia strain 
developed from the present study fulfils all the above requirements 
making it a promising candidate strain for larviculture activities.

Conclusion
 Present study reports the reduction in nauplii length by 14.9% as 
the direct response to fifteen generations of mass selection for nauplii 
size reduction in indigenous Artemia. Reduction of cyst size (5%) 
and increase in the hatching percentage (10 %) were also realized as 
correlated response. The selectively bred Artemia strain developed 
from the present work has small sized nauplii and cyst size and high 
hatching efficiency making it a promising candidate strain for larvi-
culture. Further studies are required to validate the performance of the 
strain in field conditions.
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