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ABSTRACT 

[Red color coverage variations analysis of culture neon tetra (Paracheirodon innesi) aquaculture in Bojongsari, Depok, West Java: implication for strain developmentbreeding strategies] Red color coverage (RCC) is a commercial character that is developed in many ornamental fish commodities. In neon tetra, the variation status of RCC is poorly understood. This study aimed at to analyzing  analize RCC variation of cultured neon tetra'stetra as basic basis knowledge for development its strains breeding strategies. A total of 900 neon tetra (standard length 2.29±0.16 cm) is collected from Bojongsari, Curug, and Pondok Petir fish farms, Subdistrict Bojongsari, Depok, West Java. All fishes were adapted in Curug fish farm, Neon Tetra Culture Center, for two weeks in nine aquariums, and photoperiod 12 hours bright: 12 hours dark of photoperiod. The RCC character was determined by according to the percentage area of RCC length (%LRCC), RCC width (%WRCC), and RCC area (%ARCC) and quantified by digital image analysis method. Data were analyzed by parametric. The result showed that RCC is varied varies by fish sex and farm location (p<0.05), but it has in  a low coefficient of variation (1.89%-11.41%). Variation in Male fish population is more various higher than female based on %LRCC and %ARCC parameters (p<0.05). Fish population in from Bojongsari farm is more varied than in other locations. Neon tetra fish population from Curug farm is has a highly similarity with  those from to Pondok Petir fish farms compared to those from Bojongsari farm. Red Color coverage based RCC selection of neon tetra has to should be done based on by separating male and female grouping uses based on the standard length of fish.

KEYWORDS: Bojongsari aquaculture; quantification digital image; Paracheirodon innesi; variation; red color coverage; variation

Introduction
Neon tetra (Paracheirodon innesi) is an endemic fish from South America (Weitzman and Fink 1983) which is and become the top commodity export of ornamental fish in Indonesia (BRBIH 2011, Putra 2014). In the country, the member of this Characidae are cultured cultivated in  West Java Jabodetabek area with the center its production center is located in at Subdistrict Bojongsari, Depok City, West Java. In Depok City, According to Department of Agriculture, Fisheries and Food Security (DKP3) Depok, it was  reported that neon tetra production reached 25.3 million per year (DKP3 2018).
The wildtype color of neon tetra are is characterized by: (i) dark brown-black strip on the dorsal area; (ii) the green-blue strip on the lateral side; and (iii) red pigment from the caudal fin to the middle of the body (Weitzman and Fink 1983). Several Oother color variants,  including albino, xanthic, golden strips (golden), and blue diamond spots on the head have been produced were resulted from on its cultured the development of fish breeding in aquaculture through random mating, including albino, xanthic, golden strips (golden), and blue diamond spots on the head (Balon 2004, LiveAquaria 2019, SeriouslyFish 2019) which contributed to the high variety and increased the prices (Rodi Fish Farm Data 2019 unpublished). However, the development of these strains is still random mating with targets only on black and green-blue strips, while other varian color has not been produced. In the aquarium business, the strains development strains is very important with the aim of increasing to create the interesting variants, increase the price, and quality, and consumer’s interest of commodities and also to increase interest of ornamental fish market which easily bored, demands many variation and new commodities (Shaddock 2012,  AquariumGlaser 2020).
Red color coverage (RCC) is a commercial character which that is interest to consumers and are developed in many ornamental fish commodities and preferred by consumers (Colihueque and Araneda 2014, Li et al. 2015). The RCC character breeding strategies that has have been developed include by extending, narrowing, or eliminating the red color areas on the body (Shaddock 2012, Pedersen 2013). Some studies were conducted for of RCC in fish have been carried out , including quantification techniques, variation analysis, crossbreeding between the different percentage of RCC, and analysis of RCC controller genes analysis (David et al. 2004, Novelo and Gomelsky 2009, Du et al. 2018). In neon tetra, scientific information of on the variation status of RCC is poorly understood and never beenhas not yet been reported.
Color variations, including RCC, can be influenced by genetic, sex, size, physiological responses, and environmental conditions (David et al. 2004, Parichy et al. 2009, Meilisza et al. 2017, Linhares et al. 2018). The study of RCC variations in neon tetra is important to reveal its color performance status neon tetra aquaculture based on sex, size, and farm location as a basis for breeding strategies on the development of these strains. This study aimed at analyzing RCC variation of cultured neon tetra's based on sex, size, and location as basic knowledge for development its strains.
Materials and Methods
The study was held in March - May 2019 at a fish farm located at the Neon Tetra Culture Center, Curug, Bojongsari Subdistrict, Depok City, West Java.
Fish collection and maintenance
A total of 900 neon tetras including measuring the M-XL sizes of red border length (RBL) ranging from -in 1.9-2.7 cm that was collected obtained from three fish farms in Bojongsari Subdistricts: Bojongsari (Bjs), Curug (Crg), and Pondok Petir village (Ptr). Measurement the environmental parameters of each fish farming location  maintenance was done in each farm were measured including temperature, pH, TDS, DO, and light intensity (Table 1). Bojongsari showed a higher DO than the other locations (p<0.05). Furthermore, Each fish population are was  maintained separately based on sample location in the aquarium (100 cm x 50 cm x 30 cm) separately based on the sampling location with a density of 100 fish/aquarium and a water level of 25 cm, photoperiod 12 hours of light and 12 hours of darkness, and continuously aerated to maintain oxygen dissolved (DO) ≥3 mg L-1 (SNI 8111: 2015, BSN 2015). In the fish rearing media was also added Aabout 250 ml a cup of salt and 12 pieces of dried ketapang leaves (Terminalia catappa) that are folded and tied with rubber bands were added on culture media. Fish  were fed Feeds are given twice two times a day using Moina sp. (ad-libitum),. Iin the morning, fish are fed Moina sp. ad-libitumand . tubifex (ad-libitum) or commercial pellets (at satiation). Iin the afternoon, fish arethe fed tubifex (ad-libitum) or commercial pellets (at satiation). Every two days, culture the aquarium media are were siphoned and measured for its environmental water quality parameters, including temperature (27-29°C), pH (3.5-5.7), DO (4.2-5.1 mg L-1), TDS (327-979 mg L-1), and light intensity (70-245.6 lux).
Documentation and characterization of RCC
[bookmark: _Hlk43814279]After maintenance for 14 days of maintenance, fish were taken as documentedation for RCC, one by one  in on a 10 cm diameter petri dish, one by one,with  a light intensity condition of 310.9-726 lux, and was shot photographed 5 times on each body side. Furthermore, then the sample fish were re-maintained in the aquarium. The total number of the fish analyzed from each aquaculture location was 36 fish. The camera was used for RCC documenting is Canon EOS 450D about 30 cm of distance, perpendicular (90°), focal length: 55 mm, no flash, F-number F/5.6, exposure time: 1/60 second. Furthermore, the Ddigital photos (images) was were saved in the "JPEG" format, with a resolution of 4272x2848 pixels (12.2 Megapixels). The Measurement of red border length (RBL), standard length (SL), body area (BA), and RCC characters, including LRCC (RCC length), WRCC (RCC width), ARCC (RCC area) (Figure 1), were performed by Adobe Photoshop CS5 Extended software version 12.0 x64. Furthermore, tThe parameter of LRCC and WRCC parameters were divided by SL (%LRCC and %WRCC) while ARCC was the percentage of BA (%ARCC) (Kusumah et al. 2016). Total of the quantified fish at each location was 36 fish.
Data analysis
The Ddata was obtained were grouped classified by sex, size, and location. Fish were classified by The neon tetra market size: are categorized into five namely M (1.9-2.1 cm RBL), ML (2.2-2.3 cm RBL), L (2.4-2.5 cm RBL), LXL (2.5-2.6 cm RBL), XL (≥2.7 cm RBL) and converted to standard length. Normality Normal RCC distribution variations of RCC variations (%LRCC, %WRCC, %ARCC) were analyzed by  using Kolmogorov-Smirnov test (KS), while homogeneity test using by Levene test (Lv),. The RCC coefficient of variations (CV) were analyzed descriptively,  the as well as calculated its range of population estimationes of SL was calculated by: Mean ± 1.96 × (SD⁄√n), n: number of samples, The RCC parameters comparison test of RCC based on sex, size, and location were done analyzed using by ANOVA followed by LSD Fisher's test, correlation analysis  test and regression was done among RCC  between and within parameters with SL (SL, BA, LRCC, WRCC, ARCC).and intra RCC parameters, and using cluster analysis of RCC was done inter locations and inter parameters which affected of RCC variations (SL, BA, LRCC, WRCC, ARCC). Data are showed shown with tables, graphs, and analyzed using Minitab 16.2.4.0 and Microsoft Excel software.
Results and Discussion
Standard length variations of cultured neon tetra
The standard length (SL) of neon tetra has varies with the a coefficient of variation (CV) ranging range from 1.71%-7.32% (Table 2). The SL of male fish groups is higher than female group (p<0.05), fish from Bojongsari is higher longest than other locations (p<0.05).  and each group of sizes showed a clear classifications significant differences (p<0.05) with the lowest CV on size M and the highest CV on a size XL. In estimation of population, the observed samples might not represent the population, that made causing bias. To fix the problem, the population estimation parameter is used to measure variations in population based on sample data. This solution is expected to optimized the range of target characters of breeding programs. The estimation The estimated range of variation in the SL range in at the population level is higher and tighter than the sample data range. In the breeding programs, the low range and variation of the population is are positively correlated with selection intensity and selection response. 
The standard length of samples in this study ranged from 1.93-2.76 cm (2.01-2.84 cm RBL) or M-XL size (Table 2) and which showed that RCC characters has developed. According to Chapman et al. (1998), the color has appeared in neon tetra larvae showed the color like adult fish  stages on 28-32 days after hatching (dah). This age that is at size S size (1 cm RBL) and  which need requires about 45 days to reach M size (1.9-2.1 cm RBL). The rRed border length (RBL) is the standard parameter for determining the market size of neon tetra that is used by farmers in Bojongsari SubDistrict to measure the size of neon tetra because it is easy to determine the market size criteria. In this study, RBL significantly correlated to standard length (SL) (r = 0.99, p<0.001) with the regression model is: SL = - 0.0120 + 0.972 RBL (R2 = 0.97, p<0.001). 
Red color coverage variation of cultured neon tetra
Color characters can be categorized as qualitative traits that are influenced by single or multiple genes (David et al. 2004, Gorshkov 2014) or quantitative traits that can be measured, normally distributed, controlled by many genes, and are influenced by environmental conditions (Gomelsky 2011). Our results showed that tThe red color coverage (RCC) character values , includeing %LRCC, %WRCC, and %ARCC, indicate the distribute normally (p>0.05) and homogeneous distribution patterns (p>0.05), except the %LRCC in male fish population from Bojongsari farm male and the %WRCC from Curug farm male (p<0.01). According to previous researchers, the color characters can be categorized as qualitative traits that are influenced by single or multiple genes (David et al. 2004, Gorshkov 2014) or quantitative traits that can be measured, normally distributed, controlled by many genes, and are influenced by environmental conditions (Gomelsky 2011).  These informations  The results of this researh have confirmed  indicate that the neon tetra RCC character in neon tetra is categorized as a quantitative trait (Kusumah et al. 2016, Rankin et al. 2016, Meilisza et al. 2017) and valid for parametric analysis. 
The RCC performances of neon tetra were significantly different (p<0.05) were based on sex, size, and culture farm location with a coefficient of variation (CV) ranging from 1.89%-11.41% (Table 3). Thise variation of RCC is lower than variations in the brown coverage in Cynoglossus semilaevis by 63.78% (Feng et al. 2016), and other colors such as black (23%-75%), blue (16.7%-75%), iridescent (25%-53.8%), orange (25%-66.7%) of Poecilia reticulata (Martínez et al. 2016). 
The Vvariation value of  a character is the basis for developing strains through breeding (Shaddock 2012; Kottler et al. 2013; Ponzoni et al. 2013; Moses et al. 2020) including the red color coverage. Genetically, the red color is controlled by multiple genes including genes controlling the synthesis of pteridine and melanin, metabolism of tyrosine, and genes related to cell responses to stress (Li et al. 2015, Zhang et al. 2017). In neon tetra, the performance of red color is influenced by light conditions that cause an increase in intensity or fading of color (Hayashi et al. 1999; Linhares et al. 2018). Based on sex criteria, the CV of RCC variation in male fish is generally is lower than female, whereas while according to its size in the LXL group has a higher variation than other sizes and also . Based on location, in fish population from Bojongsari has a higher variation more varied than other locations (Table 3).
In certain fish species, Ssex is a general criterion that distinguishes male and female in observing morphologically variations (sexual dimorphism) in fish species. In general, the performance of Mmale characters is show more attractive characteristics than female (Kottler and Schartl 2018). In aquaculture, sexual dimorphism are is needed for broodstock selection in the spawning process. Based on comparative tests, This researh showed that in the male fish group showed that %LRCC and %ARCC values were higher than female (p<0.05). However, farmers usually differentiates the sex of neon tetra is based on shape, size, and color on the abdomen that yellowish (female) or blackish (male), body shape is slim and elongated (male) or rounded and widened (female). Based on the size and location criteria, the sexual characteristics of male RCC were more varied and significant (p<0.05), however in females tended to be stable (p>0.05) (Table 3). This information can be used as a basis for consideration in the selection of male neon tetra with specific RCC characters. 
[bookmark: _Hlk42281261]Based on the size, The male fishes sized on LXL size has have the highest %LRCC and %ARCC and significantly different (p<0.05) compared to other sizes with a difference of 1.5%-4.6%SL, and 0.08%-3.38%LsT respectively (Table 3). In male, tThe %LRCC parameters values in male fish group showed an increasing trend was followed by the increasing size of M-LXL, whereas in female fish shows indicated a declining trend. These results indicate confirmed that the RCC character has optimal limits which that differ by sex. The optimal limit of RCC in male fish  is at LXL size while in female at size M. The Ssize is an indicator of the morphological (ontogeny) development of fish species (Parichy et al. 2009). In iImmature fish showeds that its morphological characteristics which has not yet developed yet including the color characteristicss (Parichy et al. 2009, Baras et al. 2012).
Based on culture locations, The male fish from of Bojongsari showed the highest %LRCC with a difference variation of around 0.7%-1.6% SL compared to fish population from other locations (Table 3). These results indicate that the location of Bojongsari can be considered to obtain fishes which has a higher RCC in selection. Farm Location describes the condition of environmental factors differences including,water quality,  food availability, management, systems, and aquaculture technology differences, and also the possibility of gene flow between fish farms populations. In many some aquaculture species commodities, the several parameter difference affects variations of morphological variations including the body color character. This research confirms the population of fish from Bojongsari has the highest RCC that could be considered as the basic  population for developing strain and breeding of neon tetra.
RCC-standard length correlation analysis and regression between RCC parameters  of cultured in neon tetra
Table 4 showed The Pearson correlation analysis and simple linear regression of RCC parameters to standard lengths and between RCC parameters (Table 4)  showed that. The %WRCC parameter in female fish is negatively correlated with standard length (p<0.05) and %ARCC is correlatesd with %LRCC (p<0.001). These results indicated that the %LRCC parameter can be used as  a selection  indicator of selection in male fish to obtain the expected %ARCC target while whereas in female fish is the %WRCC is used. If the confidence interval is reduced to 90% (α=0.1), there is another correlation in the relationship of %LRCC and SL of male (p<0.1) and %ARCC and SL of female (p<0.1).
[bookmark: _Hlk42032726]Clusters analysis of RCC variations of cultured neon tetra in neon tetra
Cluster analysis based on a combination of three RCC parameters (%LRCC, %WRCC, %ARCC) showed that neon tetra from all difference locations had shows a  high similarity (>99.5%) (Figure 2). The RCC variation of fish population from Curug and Pondok Petir shows a higher resemblance has a higher similarity to that of  than Bojongsari. The low of  RCC variation (Table 3) which is supported by explains the high similarity of RCC character of in neon tetra between locations (Figure 2) and indicates that genetic gene flow in from the three locations populations is still happening or was disconnected for a short time due to high trade intensity and the need for farmers to obtain brood stock. Based on interviews, tThe neon tetra trade from Pondok Petir with Curug was disconnected with Curug farm since 2014, while the farm from Bojongsari farm did not sell suplay the fish to Curug since 1994. However, Oour observations showed found that not  all farms trade in Bojongsari Subdistrict have disconnected such as the farm location in this study. Many farms are still connected due to near distances (around 2-3 km), and the need of for production and trade of neon tetra. Bojongsari, Curug, and Pondok Petir are three villages that bordering each other. Based on the survey, most of the environmental parameter at each location did not differ from one another (p>0.05), except DO (Table 1). To avoid differences in environmental factors, Tthe fish samples were adapted for two weeks at the same location before being taken documented so that the for RCC variation that showed (Table 3) to ensure that the source of variation is not derived from environmental factors but were expected to be sourced from genetic variations not external factors. Internally, tThe low variation of RCC can also be caused by is also possible affected by the occurrence of  inbreeding the RCC characteristics of neon tetra which tend so the RCC characteristic tend to be stable from the past until now or the presence of inbreeding. Further, it is necessary to evaluate the RCC variation of neon tetra populations in nature compared to that are cultivated needs to be confirmed by comparing natural and cultural populations.
Cluster analysis based on The relationship analysis between  inter  parameters which affected of RCC variations (%LRCC, %WRCC, %ARCC) on cultured in neon tetra showed that standard length (SL) is closely related to body area which 97% of similarity, while RCC length (LRCC) is related to RCC area (ARCC) which 94% of similarity, and RCC width (WRCC) showed close the relationship towith other parameters whichat the level of similarity 81% of similarity (Figure 3).
Conclusions
Red color coverage (RCC) variations of neon tetra are influenced by sex. Male ias higher of %LRCC and %ARCC than female. Variation The variation of female %WRCC are is negatively correlated negatively to standard length. Optimal The optimal value of male RCC value in male is on at size LXL size and female is at size on M size. Based on The standard lengths and RCC variations of, neon tetra population from Pondok Petir more higher similarity to fish from and Curug have  a higher rresemblance than compared to Bojongsari. Breeding of neon tetra could be considered through selection RCC selection of neon tetra has to be done based on sex grouping, using of standard length or %LRCC parameter, based on size M-size for female and LXL-size for male.
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Table 1. Environmental conditions of maintenance at Neon Tetra Culture Center, Depok, West Java, Indonesia
	Parameter
	Notes
	Bojongsari
	Curug
	Pondok Petir
	References*

	Temperature (°C)
	Mean±SD
	26.60±0.58a
	26.45±0.72a
	26.31±0.78a
	25-32.97wz

	pH
	Mean±SD
	5.64±1.31a
	5.61±0.93a
	5.83±0.85a
	4.39-7.34xy 

	DO (mg L-1)
	Mean±SD
	5.55±1.17a
	4.52±1.45b
	4.40±1.02b
	0.32-8.29z

	TDS (mg L-1)
	Mean±SD
	1.44±0.92a
	1.17±0.78a
	1.22±0.83a
	-

	Light intensity (lux)
	Range	Comment by HP: Mungkin ini tdk perlu
	6-5560
	8.3-467
	11-1826
	-


The different superscript letters on each environmental parameter significantly difference (Fisher's LSD test, p<0.05). *wChapman et al.. (1998); xHorbe et al.. (2009); yRios-Villamizar et al.. (2014); zRodrigues-Filho et al.. (2015)
Table 2. Variation of standard length neon tetra population based on sex, size, and location of cultured
	Criteria
	Groups
	Samples
	
	Population estimation

	
	
	N
	Mean±SD
	CV
	Range
	
	Range

	
	
	
	(cm)
	(%)
	(cm)
	
	(cm)

	Sex
	Male
	54
	2.33±0.17a
	7.32
	1.93-2.74
	
	2.28-2.38

	
	Female
	54
	2.25±0.14b
	6.06
	2.00-2.76
	
	2.21-2.29

	Size
	M
	6
	1.99±0.03e
	1.71
	1.93-2.02
	
	1.97-2.01

	
	ML
	36
	2.14±0.05d
	2.36
	2.07-2.29
	
	2.12-2.16

	
	L
	43
	2.32±0.06c
	2.57
	2.21-2.41
	
	2.30-2.34

	
	LXL
	19
	2.46±0.05b
	1.84
	2.35-2.54
	
	2.44-2.48

	
	XL
	4
	2.69±0.07a
	6.91
	2.62-2.76
	
	2.62-2.76

	Location
	Bojongsari
	36
	2.38±0.17a
	7.10
	2.02-2.76
	
	2.32-2.44

	
	Curug
	36
	2.27±0.12b
	5.46
	2.07-2.51
	
	2.23-2.31

	
	Pondok Petir
	36
	2.22±0.13b
	6.07
	1.93-2.45
	
	2.18-2.26


Numbers with different superscript letters in the same criteria and columns indicate significantly difference (Fisher's LSD test, p<0.05). N: Number of samples, M: 1.9-2.1 cm RBL, ML: 2.2-2.3 cm RBL, L: 2.4-2.5 cm RBL, LXL: 2.6-2.7 cm RBL, XL: >2.7 cm RBL, RBL: red border length, SD : standard deviation, CV: coefficient of variation.
Table 3. Variations of red color coverage (RCC) of neon tetra based on sex, size and location of cultured in Depok, West Java, Indonesia
	[bookmark: tw-target-text]Criteria
	RCC Parameter 
	Male
	 
	Female

	
	
	N
	Mean±SD
	CV (%)
	
	N
	Mean±SD
	CV (%)

	Sex
	%LRCC
	
	54
	48.74±2.25a
	4.62
	
	54
	45.81±2.08b
	4.53

	
	%WRCC*
	
	54
	13.10±0.83a
	6.30
	
	54
	13.12±1.13a
	8.59

	
	%ARCC
	
	54
	22.39±1.31a
	5.83
	
	54
	20.22±1.65b
	8.15

	Size
	%LRCC
	M
	3
	47.67±2.16abcde
	4.52
	
	3
	46.83±1.74bcde
	3.72

	
	
	ML
	13
	48.10±2.17b
	4.51
	
	23
	45.97±2.02de
	4.40

	
	
	L
	21
	48.49±1.97b
	4.05
	
	22
	45.45±1.84e
	4.04

	
	
	LXL
	14
	50.00±2.66a
	5.31
	
	5
	45.66±3.57cde
	7.82

	
	
	XL
	3
	48.40±0.91abcd
	1.89
	
	1
	47.77
	-

	
	%WRCC
	M
	3
	13.53±0.73a
	4.68
	
	3
	13.48±0.58a
	4.32

	
	
	ML
	13
	13.06±0.73a
	7.51
	
	23
	13.20±1.05a
	7.98

	
	
	L
	21
	13.00±1.03a
	6.34
	
	22
	13.10±1.28a
	9.77

	
	
	LXL
	14
	13.10±0.73a
	5.38
	
	5
	12.89±1.16a
	9.01

	
	
	XL
	3
	13.50±0.73a
	8.19
	
	1
	11.83
	-

	
	%ARCC
	M
	3
	21.48±1.17ab
	5.42
	
	3
	20.93±0.80ab
	3.81

	
	
	ML
	13
	22.47±1.25a
	5.56
	
	23
	20.24±1.54b
	7.60

	
	
	L
	21
	22.43±1.31a
	5.84
	
	22
	20.21±1.78b
	8.82

	
	
	LXL
	14
	22.55±1.44a
	6.37
	
	5
	19.91±2.27b
	11.41

	
	
	XL
	3
	22.06±1.50ab
	6.78
	
	1
	19.17
	-

	Location
	%LRCC*
	Bjs
	18
	49.48±2.44a
	4.93
	
	18
	45.86±2.64c
	5.76

	
	
	Crg
	18
	48.82±2.26ab
	4.63
	
	18
	45.85±1.92c
	4.20

	
	
	Ptr
	18
	47.92±1.86b
	3.88
	
	18
	45.72±1.66c
	3.62

	
	%WRCC*
	Bjs
	18
	13.14±0.73a
	5.54
	
	18
	12.93±0.91a
	7.06

	
	
	Crg
	18
	13.11±0.73a
	5.54
	
	18
	12.99±1.34a
	10.3

	
	
	Ptr
	18
	13.04±1.03a
	7.90
	
	18
	13.45±1.08a
	8.03

	
	%ARCC
	Bjs
	18
	22.49±1.41ab
	6.27
	
	18
	20.33±1.80c
	8.85

	
	
	Crg
	18
	22.87±1.16a
	5.06
	
	18
	20.53±1.71c
	8.31

	
	
	Ptr
	18
	21.83±1.18b
	5.43
	
	18
	19.79±1.42c
	7.15


Superscript letters differ for each criteria and RCC parameters indicate significantly difference (Fisher's LSD test p<0.05). Asterisk (*) shows a significant difference based on the Kruskal-Wallis test (p<0.05). N: number of samples, SD: standard deviation, CV: coefficient of variation, %LRCC: percentage of RCC length to SL, %WRCC: percentage width of RCC to SL, %ARCC: percentage of RCC area to BA, RCC: red color coverage, SL: standard length, BA: body area, Bjs: Bojongsari, Crg: Curug, Ptr: Pondok Petir fish farm. M: 1.9-2.1 cm RBL, ML: 2.2-2.3 cm RBL, L: 2.4-2.5 cm RBL, LXL: 2.6-2.7 cm RBL, XL:> 2.7 cm RBL, RBL: red border length. 
Table 4. Correlation and linear regression of RCC parameters with standard length and intra RCC parameters of neon tetra
	Parameter
	Sex
	Correlation
	 
	Regression

	
	
	r
	P
	 
	β0
	β1
	R2
	P

	%LRCC–SL
	Male
	0.25
	0.06
	
	41.00
	3.35
	6.40%
	0.06

	
	Female
	-0.21
	0.14
	
	52.90
	-3.13
	4.30%
	0.14

	%WRCC–SL
	Male
	-0.05
	0.74
	
	13.60
	-0.23
	0.20%
	0.74

	
	Female
	-0.29
	*
	
	18.50
	-2.39
	8.40%
	*

	%ARCC–SL
	Male
	0.04
	0.80
	
	21.70
	0.28
	0.10%
	0.80

	
	Female
	-0.26
	0.06
	
	27.20
	-3.08
	6.50%
	0.06

	%LRCC–%WRCC
	Male
	0.01
	0.94
	
	48.40
	0.03
	0.00%
	0.94

	
	Female
	0.06
	0.69
	
	44.50
	0.10
	0.30%
	0.70

	%ARCC–%LRCC
	Male
	0.51
	***
	
	7.87
	0.30
	26.50%
	***

	
	Female
	0.57
	***
	
	-0.35
	0.45
	32.00%
	***

	%ARCC–%WRCC
	Male
	0.27
	*
	
	16.80
	0.43
	7.40%
	*

	
	Female
	0.32
	*
	 
	14.00
	0.47
	10.50%
	*


The asterisk (*) and (***) respectively showed significance at p<0.05 and p<0.001. %LRCC: percentage of RCC length to SL, %WRCC: percentage width of RCC to SL, %ARCC: percentage of RCC area to BA, RCC: red color coverage, SL: standard length, BA: body area, r: correlation coefficient, R2 : coefficient of variation, p: significance value.
[image: ]
Figure 1.  Size measurement and red color coverage (RCC) quantification. RBL: red border length, SL: standard length, BA: body area, LRCC: RCC length, WRCC: RCC width, ARCC: RCC area
[image: ]
Figure 2.  Similarity of total red color coverage (RCC) of neon tetra inter locations. Total RCC = %LRCC + %WRCC + %ARCC, %LRCC: percentage of RCC length to SL, %WRCC: percentage of RCC width to SL, %ARCC: percentage of RCC area to BA, RCC: red color coverage, SL: standard length, BA: body area
[image: ]
Figure 3.  Similarity of source of variations inter parameter which affected of the red color coverage (RCC) of neon tetra. LRCC (RCC length), WRCC (RCC width), ARCC (RCC area), SL: standard length, BA: body area
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