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Abstract

Data on diversity, distribution and habitat characteristics of wild bubble nesting bettas in Thailand were collected from January 2005 to June 2006. Such information is beneficial for most management and conservation purposes. Data collected during community based survey and field based survey were analysed. Three species; Betta splendens, B. smaragdina, B. imbellis and one unidentified wild bubble nesting betta were found. B. splendens disperse widely throughout Thailand whereas B. smaragdina shelters in high elevation area. Water qualities among habitats are similar and their habitats can be remarked by southern cutgrass.
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Introduction

Betta fish, also called Siamese fighting fish is one of the most popular species of freshwater aquarium fish. The word Siamese heritages from Siam, name of Thailand and this fish is very well known in the country. It is native to the Mekong basin in Southeast Asia. Bettas can survive for a short period of time out of water, as they can inhale the air around to keep them moist [1-2]. 


Betta Bleeker, 1850, is a large genus of freshwater ray finned fishes. It is a member of the gourami family (family Osphronemidae), of order Perciformes, but was formerly classified among the Anabantidae. This genus comprises more than 50 described species. The type species is Betta picta, the spotted betta. By far the best known Betta species, however, is B. splendens. It is traditionally kept as a fighting fish. The various bettas can be divided into two groups, based on their spawning behavior: some build bubble nests, e.g. B. splendens, while others are mouthbrooders, e.g. B. picta. The mouthbrooding species are sometimes called “pseudo bettas”, and are sometimes speculated to have evolved from the nest-builders in an adaptation to their fast-moving stream habitats.  


The wild bubble nesting betta is categorized into 3 species, which are B. splendens Ragan, 1910; B. smaragdina Ladiges, 1972 and B. imbellis Ladiges, 1975. The name B. splendens means the brilliant warrior, a very suitable name indeed, since males of the colorful species perform an elaborate aggressive display when provoked.  B. splendens has reddish body color and blue-green fin with red strip on the operculum as its important character [3]. The word of smaragdina means emerald, which indicates the color of the species. The operculum has unique character, which has green scale shape. B. imbellis looks similar to B. splendens but with green strip on the operculum instead [4-7].  


Wild living fighting fish are in general smaller with a length of 2.5-3 cm compared to the domesticated ones, which have a length of 3-6 cm [8-9]. The body depth of the wild bubble nesting bettas has 2.8 to 3.6 folds of its body length. There are 30 to 32 scales along the body, which also cover the head part. The wild fish has dull brownish to green body colour as well as short fins. During male display, blue-green rays appear particularly on the caudal fin and on some fish there are also a number of red, green or blue dots scattered in rows on the body. The female bodies have diffuse transversal stripes, which appear more distinctly during mating season. Submissive fish, both males and females, become pale in colour and two dark longitudinal lines appear on the middle of the body [8].

B. splendens inhabits in the shallow waters with muddy bottoms or rice paddy fields, shallow ponds, and even slow moving streams characterized by low pH, low O2 concentration, high CO2 concentration and high water temperature [9]. However, the domesticated fish grows well in 6.5-7.5 pH range, 75-100 mg of hardness and water temperature between 25-28 ۫C [10]. 


Many people recognize this betta fish and breed them for the most charming character. However, the scientific knowledge of this fish in Thailand was rare and insufficient. The urgently need was the knowledge of the wild bubble nesting betta. Native habitat and the biodiversity of this fish should be investigated to understand the current status and develop the appropriate management program for this fish. 

Materials and Methods

Survey method

Data collection of wild bubble nesting betta diversity and distribution in Thailand were carried out from January 2005 to June 2006. Study sites were chosen from thirty-three provinces. Two surveying methods, community based survey and field based survey, were conducted. The community based survey was used to access the habitat of wild bubble nesting betta in nature and also provide information on breeding and damaging of their native habitat. The field based survey was focused on the natural habitat and netting methods were employed [11].  All betta specimens were collected and identified by key references [4-7].   

Study sites  


The study was conducted in Bangkok, Samut Sakhon, Samut Prakan, Suphan Buri and Chai Nat (in central, Thailand); Nakhon Sawan, Phichit, Phetchabun, Sukhothai, Tak, Lamphun, Chiang Mai, Mae Hong Son, Phayao and Chiang Rai (in the north); Nakhon Ratchasima, Buri Rum, Chaiyaphum, Loei, Nong Khai, Skon Nakhon and Surin (in the northeast); Sa Kaeo, Prachin Buri and Chachoengsao (in the east); Chumphon, Ranong, Pangnga, Suratthani, Nakhon Si Thammarat, Phuket, Krabi and Songkhla (in the south). 

The habitat characteristics


Measurements of the water quality and the environmental factors were taken for all habitats. Six sites in each habitat were studied. The water quality data included pH, dissolved oxygen, TDS (Total dissolved solid), water temperature and transparency depth. The environmental factors consisted of the water depth, elevation, physical factor and biological factor, such as the types of water plant and percentage of water plant coverage in 1x1 m quadrat. Data on the wild bubble nesting betta habitats were compared and determined using the environmental factor among species. All parameters were measured using Lutron intelligent meter-YK2001PH, Sachi disk, tape measure and pole measure.

Results and Discussion

Species diversity

Three species, B. splendens, B. imbellis, B. smaragdina and one unidentified wild bubble nesting betta were found in Thailand (Figure 1). 

B. splendens (n = 29, 13 males, 16 female) – This species has reddish base colour; body scale has small greenish dot; the caudal fin and anal fin have straight greenish lines and the pectoral fin has white color on the tip.  The operculum has red strip at the edge, which distinguishes it from other wild bubble nesting betta. Moreover, the dorsal fin shows in light green color transverse black bar. Female usually has pale colour. Male total length is 47.4 ± 3.2 mm and female has 40.9 ± 4.1 mm.  Male standard length is also greater than female (35.8 ± 2.9 vs 32.9 ± 3.8 mm, p = 0.04).  Moreover, male head length is bigger than female (12.2 ± 1.1 vs 10.7 ± 0.8 mm, p = 0.00).

B. imbellis (n = 24, 10 males, 14 female) – It has similar character as B. splendens but has smaller total length, males have 44.6 ± 3.2 mm and 39.9 ±  3.1 mm for females (p = 0.00). Male has greater standard length than female (34.6 ± 2.3 vs 31.8 ± 3.5 mm, p = 0.01); greater head length (10.8 ±  0.8 vs 9.7 ±  0.6 mm, p = 0.00). However, the body has blackish colour instead. The clearly bright green spots occur along the body. The blue strips lay on the red background occur in the anal and caudal fin. These strips don’t reach to the edge of the caudal fin and present the waning moon shape. The operculum has two transverse strips. However, the pectoral and dorsal fins are similar to B. splendens. 

B. smaragdina (n = 12, 7 males, 5 female) – It is greenish betta. The body has dark reddish background and shining green spots. The anal and caudal fins have green strips on reddish background. The caudal fin has small black spots between the strips. The operculum has a green scales and green plate. The dorsal and pectoral fins are similar to B. splendens. Female also has the pale colour. Female has smaller total length, (39.9 ± 3.9 vs 48.0 ± 5.8 mm, p = 0.02); similar standard length (32.1 ± 3.6 vs 37.1 ± 4.4 mm, p = 0.06); smaller head length (9.9 ± 1.1 vs 11.5 ± 1.2 mm, p = 0.04).

The unidentified Betta sp. (n = 10, 5 males, 5 female) is found in Mahachi sub-district, Samut Sakorn province. Some characters of this fish are similar to B. smaragdina and B. imbellis. The operculum is similar to B. imbellis, which has two green strips. The body background colour is closely to B. smaragdina, which has dark reddish. The body scales has bright blue-green spots. The caudal and anal fin strips are within blue-green color. However, there are short strips inserted between the long strips. The dorsal fin has darker color than the other betta fish. Moreover, the pectoral fin has thin blue-green strips along the fin. The female usually has light brown colour.  Both male and female have similar total length (42.3 ± 6.2 vs 38.1 ± 2.4 mm, p = 0.20); standard , length (32.7 ± 4.0 vs 29.6 ± 1.9 mm, p = 0.16); and head length (10.8 ±  1.1 vs 9.7 ± 0.8 mm, p = 0.12). 
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Figure 1: Wild bubble nesting bettas; B. splendens from Chiang Rai province (a), B. imbellis from Nakhon Si Thammarat province (b), B. smaragdina from Chaiyaphum province (c) and Betta sp. From Mahachai, Samut Sakhon province (d)

Distribution


The Southeast Asia freshwater zoogeography is divided into five regions [12]. Of these, Thailand zoogeographical regions; Salween region, the Mekong, Chao Phraya & Meklong region, and The Malay Peninsular region. Wild bubble nesting bettas are not found in all those regions. In this survey, betta fish are not found in Salween region, located in Mae Hong Son province. B. splendens is widely distributed in Thailand. This species occurs in other two regions, and is frequently found in the Chao Phraya basin. It can be found throughout the Malay Peninsular region in Suratthani province and also distributes the Mekong basin in Nakhon Ratchasima province. B. splendens is not only found in those areas but also found in Chachoengsao province, which is located in the southeastern Thailand basin. B. imbellis is only found in Malay Peninsular region. However, this species does not occur on the upper part of this region. The Mekong betta is B. smaragdina, which reign on the northeastern area of Thailand. The unidentified Betta sp. is only found in Samut Sakhon province, located in Meklong basin (Chao Phraya Region). 
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Figure 2:  The distribution of wild bubble nesting bettas in Thailand

The distribution of wild bubble nesting betta is mostly in the restricted area. B. splendens is found more than one zoogeographical region. There are two possible hypotheses to explain its distribution. The first is due to the human activity. In southern Thailand, people often use the wild bubble nesting betta for a gaming sport. The fighting ability of local species B. imbellis is limited, which relates to the meaning of peaceful of the word imbellis. Then they relocated B. splendens for fighting ability improvement by cross-breeding and some of bettas were released to the natural habitat. The other hypothesis relates to natural disaster and development project. Some floods frequently occur in the southern part of Thailand. Moreover dam and other irrigation construction can change the aquatic environment. These might expand the distribution of B. splendens distribution. The example of this case occurred in Dominican Republic, which B. splendens escaped from a tropical fish farm during the hurricane, and are now abundant in the polluted waters of the Rio Ozama [13]. The distribution of B. splendens from Chao Phraya basin to Mekong basin (Nakorn Ratchasima) might be similar to Southern Thailand.

Habitat characteristic


Data of the wild bubble nesting betta on the habitat quality were collected from 27 sites; 16 sites for B. splendens, 5 sites for B. imbellis, 4 sites for B. smaragdina and 2 sites for Betta sp. (Mahachai betta). The results are showed in Table 1.

Table 1: Comparison of habitat characteristics among Betta species in Thailand; mean ± SD and 

range (in parenthesis)

	Species
	B. splendens
	B. imbellis
	B. smaragdina
	Betta sp.
	P

	Elevation  (m)
	113.6 ± 137.5
	24.4 ± 23.6
	240.5 ± 52.7
	12.5 ± 3.5
	0.06

	
	(9 – 408)
	(0 – 60)
	(192 – 311)
	(45 – 74)
	

	pH
	7.5 ± 0.8
	7.3 ± 0.7
	7.7 ± 0.8
	7.9 ± 0.6
	0.84

	
	(5.6 – 9.1)
	(6.8 – 8.5)
	(6.7 – 8.7)
	(7.5 – 8.3)
	

	Dissolved oxygen (mg/l)
	2.6  ± 2.4 
	3.3  ± 1.1 
	2.5  ± 2.2 
	1.5  ± 0.0 
	0.79

	
	(0.1  – 9.3 )
	(2.0 – 4.9)
	(0.1 – 5.4)
	(1.5)
	

	Total dissolved solid (ppm)
	4.2 ± 15.1
	0.1 ± 0.1
	0.2 ± 0.2
	4.8 ± 4.9
	0.88

	
	(0.1 – 9.3)
	(0.0 – 0.3)
	(0 – 0.4)
	(1.3 – 8.3)
	

	Water temperature ( ۫C)
	31.8 ± 2.7
	33.3 ± 1.4
	34.5 ± 3.9
	29.8 ± 2.5
	0.18

	
	(26.8 – 37.2)
	(31.5 -35.2)
	(30.5 – 39.4)
	(28.1 – 31.6)
	

	Water depth (cm)
	48.2 ± 10.8
	42.0 ± 23.6
	47.9 ± 5.3
	50.0 ± 14.1
	0.82

	
	(35 – 67)
	(5 – 65)
	(40 – 52)
	(40 – 60)
	

	Transparency depth (cm)
	22.5 ± 9.5
	24.4 ± 12.9
	25.5 ± 25.5
	40.0 ± 28.9
	0.46

	
	(27– 37)
	(7 – 40)
	(2 – 50)
	(20 – 60)
	

	Percentage of plant cover
	75.34 ± 18.28
	90.70 ± 6.85
	71.38 ± 32.69
	62.50 ± 31.82
	0.32

	
	(40 – 98)
	(80 – 98)
	(35 – 99)
	(40 – 85)
	


The results show that wild bubble nesting bettas live in areas with low oxygen concentration, and high temperature. It is similar to the study of Jaroensutasinee and Jaroensutasinee [9]. The pH values are also similar to Nivanich [10] notation on domestic betta. However, B. splendens and Mahachai betta can live in more sediment water, which is represented with a higher total dissolved solid value.  However, all of wild bubbles nesting bettas live in clear water, where the deep transparency depth can be measured. Moreover, they favor to shelter in the areas with dense water plant cover, especially B. imbellis.  B. splendens can live in a wide range of elevation. B. imbellis and Mahachai betta inhabit not far from the sea level. On the other hand, B. smaragdina is a highland species. However, the water depth values show that all of wild bubble nesting bettas live in shallow waters in Thailand. 

The habitat qualities are compared using ANOVA. There is only significant difference (p < 0.05) in the elevation factor. Not only are the habitat physical factors collected, but also the habitat plant species are concentrated. The most frequently found plant in the wild bubble nesting betta habitat is southern cutgrass (Leersia hexandra), which was found in 12 of the 27 sites. The second is morning glory (Ipomoea aquatica), which was found in 7 sites. The surveying also often found pod fern (Ceratopteris thalictroide), water lily (Nymphaea stellata), hornwort (Ceratophyllum demersum), hydrilla (Hydrilla verticillata), duck-lettuce (Ottelia alismoides) and floating mass (Salvinia cucullata). The occurrence of these plants indicate that wild bubble nesting bettas shelter in places with dense vegetation, which can form a safe place for nesting and hatching. The bright colorful body of the male may be due to environmental adaptation. The bright color in the dense area should be attractive for female choice.   


Not only wild bubble nesting bettas are found in the shallow water habitat but also found within the peatland forest in Chumphon province. Moreover, in Surattani province, B. splendens, can be found in either steam water or still water.

However, in the paddy rice fields, as in Chiang Mai and Chainat provinces, no wild bubble nesting bettas were found. This is not similar to the local farmers’ plea. The major reason might be due to the use of agricultural chemical. Moreover, wild bubble nesting betta can live in poor quality water, such as the habitats in Sukhothai and Samut Sakhon provinces. The Sukhotahai habitat receives waste water from household activities, while Samut Sakhon habitat receives waste water from the factory a situation similar to the B. splendens  habitat in Dominican Republic [13].

CONCLUSION

In conclusion, there are 3 species and one unidentified species of wild bubble nesting betta in Thailand. The zoogeographic areas can separated among them. However, B. splendens distribution trended to increase and disperse into other zoogeographical region. According to the habitat analysis, B. smaragdina occupy the highland. However, data on the other environmental factors indicate that wild bubble nesting bettas have similar requirement.

The wild bubble nesting betta knowledge requires more information. The human activities also relate to change of the wild bubble nesting betta genetic.  The increasing of hybrid betta, such as in southern Thailand influenced the decreasing of pure line.  The population genetic research should be set up for the wild bubble nesting betta conservation and sustainable use plan, either preservation area for wild bubble nesting betta or prevention of the genetic contamination.   
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