GENETIC VARIABILITY STUDIES OF 

PIRAMUTABA -BRACHYPLATISTOMA VAILLANTII AND 

DOURADA - B. ROUSSEAUXII (PIMELODIDAE: SILURIFORMES) 

IN THE AMAZON: 

BASIS FOR MANAGEMENT AND CONSERVATION

Jacqueline da Silva Batista

Instituto Nacional de Pesquisas da Amazônia – INPA

Coordenação de Pesquisas em Biologia Aquática - CPBA

Laboratório Temático de Biologia Molecular - LTBM

Avenida Andre Araújo, nº 2936. 69.060-001, Manaus, AM, Brasil

Phone: + 55 92 6433382/ Fax: + 55 92 6433347/ 

e-mail: jac@inpa.gov.br
Kyara Formiga-Aquino (COPE/LTBM/INPA)

formiga@inpa.gov.br
Izeni Pires Farias (ICB/UFAM)

izeni@argo.com.br
José Antônio Alves-Gomes (CPBA/INPA)

puraque@inpa.gov.br
EXTENDED ABSTRACT ONLY – DO NOT CITE

Piramutaba - Brachyplatystoma vaillantii - and Dourada - B. rousseauxii – are the two most important catfish species exploited by commercial and artisanal fishing fleets in the Amazon. These two pimelodid catfish have been intensively captured for decades at fishing grounds distributed over four countries and along the entire length of the Solimões-Amazonas River system, which spans more than 4000 km. 

These species have a complex and still not completely understood life cycle, including distinct feeding/growing and reproductive areas, separated by several thousand kilometers (Barthem & Goulding, 1997). Together, these two species represent about 70% (>20,000 tons/year) of all catfish commercially caught in the region, forming a major protein source for thousands of families in several Amazonian countries. The comparisons of capture data for different years in Belem indicate a reduction of the yield (JICA/MPEG/IBAMA 1998 – Technical Report), but no study has been conducted to evaluate this decrement. In addition to recording any declines in annual harvests, it is also important to determine if the fishing effort is concentrated on a single stock or if several fish stocks are exploited. 

This study used the complete mitochondrial DNA control region with the main objective to genetically characterize the inter- and intra-specific genetic variability of both species along the main Solimões/Amazonas channel, and to verify the potential existence of one or more stocks for both species. It is not known if over-harvesting has had any impact on the genetic diversity of these two economically important catfishes. This information is necessary to augment conservation and management policies.

A muscle tissue from 15 individuals of each species was collected at five localities (Belém, Santarém, Manaus, Tefé, and Tabatinga) along the east-to-west axis of the Amazon River, covering a linear distance of about 3000 Km. A total of 150 individuals were collected.

The control regions of the two species had different sizes; dourada has 911 pb. Piramutaba has 942 pb. Matrices and pair-wise distances were generated in PAUP 4.0 (Swoford, 2001). Analysis of molecular variance (AMOVA) and genetics parameters such as, FST, nucleotide diversity (Pi), haplotype frequency (H), total number of mutations (ETA), polymorphic sites (S), number of singletons (NS) were estimated using Arlequin 2.01 (Schneider et al 2000) and DNAsp 4.0 (Rozas & Rozas 1999) programs. We also calculated a genetic variability index, GVI (number of singletons divided by the total number of individuals sampled). The neutrality tests of Tajima and Fu were applied to examine whether populations are at genetic equilibrium with respect to mtDNA. We estimated the females effective population size (Nef) and the age of the most recent common ancestor of the current population, both based on coalescence theory using Watterson’s estimate of the population genetic parameter θ (S) and assuming a mutation rate of 5 x 10-8 mutations/site/generation.

The combined interpretation of the results should give us a comprehensive overview of the distribution of genetic variability of these two species along the Solimões-Amazonas axis.  

The results are summarized as follows:

 (1) The genetic variability level for both species was moderate to high. However, the genetic indexes showed higher genetic values in piramutaba compared to dourada in all localities sampled except in Tefe. Figure 1 and Table 1 show comparisons of main genetic patter between the two species. 
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(2) There is no genetic structure in dourada and piramutaba as shown by AMOVA analyzes (p>0.05). Piramutaba and Dourada seems to comprise a single genetic stock along the Amazonas/Solimoes axis; 

(3) variance effective population size estimated from the population genetic parameter θ  and identity-by-descent F suggests approximately ~139,500 female individuals for Dourada and ~162,300 female individuals for Piramutaba; 

Table 1. Summary of genetic parameters estimated from the control region of the two catfish species. An asterisk (*) indicates significant differences between the two species. K is the average number of nucleotide differences, Pi is nucleotide diversity, HD is the haplotypes diversity and GVI is the genetic variability index. For each parameter, 95% CI is calculated.

	Localities
	Species
	Genetic parameters

	
	
	K

(95% CI)
	Pi

(95% CI)
	HD

(95% CI)
	GVI

(95% CI)

	Belém
	Piramutaba
	11.009

(8.326-13.694)
	0.012

(0.009-0.015)
	0.990

(0.976-1.004)
	-

	
	Dourada
	9.067

(6.828-11.305)
	0.010

(0.007-0.013)
	0.981

(0.965-0.997)
	-

	Santarém
	Piramutaba
	14.133*

(10.733-17.534)
	0.015

(0.011-0.019)
	0.981

(0.965-0.997)
	-

	
	Dourada
	7.514*

(5.633-9.396)
	0.008

(0.006-0.011)
	0.981

(0.965-0.997)
	-

	Manaus
	Piramutaba
	14.133*

(10.733-17.533)
	0.015*

(0.011-0.019)
	1.000*

(0.988-1.012)
	-

	
	Dourada
	6.114*

(4.554-7.674)
	0.007*

(0.005-0.009)
	0.914*

(0.886-0.942)
	-

	Tefé
	Piramutaba
	12.629

(9.573-15.684)
	0.013

(0.009-0.017)
	0.971

(0.951-0.991)
	-

	
	Dourada
	9.943

(7.504-12.382)
	0.011

(0.008-0.014)
	1.000

(0.988-1.012)
	-

	Tabatinga
	Piramutaba
	14.933*

(11.349-18.517)
	0.016*

(0.012-0.019)
	0.971

(0.951-0.991)
	-

	
	Dourada
	6.495*

(4.848-8.143)
	0.007*

(0.005-0.009)
	0.933

(0.910-0.956)
	-

	All
	Piramutaba
	13.580*

(12.184-14.976)
	0.014*

(0.013-0.016)
	0.991*

(0.990-0.992)
	0.840*

(0.762-0.918)

	
	Dourada
	7.770*

(6.942-8.598)
	0.009*

(0.007-0.009)
	0.964*

(0.961-0.967)
	0.520*

(0.358-0.682)


 (4) A coalescent time analysis resulted in a relative age estimate of approximately 242,600 and 335,200 years in Dourada and Piramutaba, respectively. 

(5) Significant disequilibrium was observed in Fu’s Fs test but not in Tajima’s D test suggesting that both species have been impacted by fishing, however, not severely. 

(6) The parallel trend suggests that both species are not differentiated in terms of exploitation pattern. Considering the greater age of Piramutaba and thus greater genetic diversity, both species have similar effective population size and similar exploitation patterns. The differences in the genetic variability indexes may reflect more differences in their life histories than any potential differences in anthropogenic patterns of exploitation. While both species still have relatively high level of genetic variability and possibly also relatively large census sizes, both species are beginning to show signs of genetic disequilibrium. This may be the result of over fishing. However, this hypothesis must to be verified by field studies before any firm conclusions may be drawn.
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Figure 1. Comparison of genetic parameters between B. vaillantii and B. rousseauxii collected at five localities along the Solimões/Amazonas axis. H = haplotype frequency; NS = number of singletons and S = number of polymorphic sites.





Dourada





Piramutaba





� EMBED Excel.Chart.8 \s ���





� EMBED Excel.Chart.8 \s ���




















� EMBED Excel.Chart.8 \s ���





� EMBED Excel.Chart.8 \s ���











PAGE  
253

[image: image4.emf]Santarém

0

10

20

30

40

50

60

H NS S

[image: image5.emf]Estuário

0

10

20

30

40

50

60

H NS S

[image: image6.emf]Estuário

0

10

20

30

40

50

60

H NS S

[image: image7.emf]Santarém

0

10

20

30

40

50

60

H NS S

[image: image8.emf]Tefé

0

10

20

30

40

50

60

H NS S

[image: image9.emf]Manaus

0

10

20

30

40

50

60

H NS S

[image: image10.emf]Tabatinga

0

10

20

30

40

50

60

H NS S

_1145468238.xls
Gráf20

		H		H

		NS		NS

		S		S



Dourada

Piramutaba

Tefé

15

14

12

12

35

42



Dourada

										Dourada

		Localidade		N		H		NHU		Mutações						NSP		MDNP/P		DN		IVGD

										TS		TV		NTM

		Estuário		15		13		9		30		4		34		33				0.009952 ±  0.005444		0.60		Estuário

		Santarém		15		13		6		24		4		28		27				0.008248 ± 0.004576		0.40		Santarem

		Manaus		15		10		7		23		4		27		26				0.006712 ± 0.003793		0.47		Manaus

		Tefé		15		15		12		32		5		37		35				0.010914 ± 0.005933		0.80		Tefé

		Alto Solimões		15		10		5		19		4		23		22				0.007130 ±  0.004007		0.33		Alto Solimões

		Total				61

		Todos os indivíduos		75		47		39		51		12		63		59		7.770090 +/-     3.659103		0.008529 +/-     0.004452		0.52		Total

		Nº Total de H compartilhados

		NTM - número total de mutações (ETA)

		NSP - Sítios Polimórficos (S)

		MDNP/P - média de diferenças nucleotídicas par a par (K)

		DG - Diversidade gênica ou haplotípica (HD)

		DN - Diversidade nucleotídica (Pi)

		IVGD - Índice de variabilidade genética da Dourada.

		É a razão entre o nº de haplotipos únicos pelo nº amostral de cada localidade





Piramutaba

														Piramutaba

		Localidade		N		H		NHU		Mutações						NSP		MDNP/P		DN		Piramutaba		Dourada

										TS		TV		NTM

		Estuário		15		15		14		34		1		35		38				0.0117 ±  0.006		0.93		0.60

		Santarém		15		15		12		42		4		44		49				0.0150 ± 0.008		0.80		0.40

		Manaus		15		15		14		40		2		42		48				0.0150 ± 0.008		0.93		0.47

		Tefé		15		14		12		35		2		37		42				0.0134 ± 0.007		0.80		0.80

		Alto Solimões		15		14		11		43		2		45		52				0.0158 ± 0.008		0.73		0.33

		Total				73

		Todos os indivíduos		75		69		63		67		5		72		79		13.58 ± 6.17		0.0144 ± 0.007		0.84		0.52

		Nº Total de H compartilhados





Piramutaba

		





Plan3

		

		Estuário

				H		NS		S

		Dourada		13		9		33

		Piramutaba		15		14		38

		Santarém

				H		NS		S

		Dourada		13		6		27

		Piramutaba		15		12		49

		Manaus

				H		NS		S

		Dourada		10		7		26

		Piramutaba		15		14		48

		Tefé

				H		NS		S

		Dourada		15		12		35

		Piramutaba		14		12		42

		Tabatinga

				H		NS		S

		Dourada		10		5		22

		Piramutaba		14		11		52





Plan3

		



Dourada

Piramutaba

Estuário



		



Dourada

Piramutaba

Santarém



		



Dourada

Piramutaba

Manaus



		



Dourada

Piramutaba

Tefé



		



Dourada

Piramutaba

Tabatinga



Figure 01. Genetic parameters indexes comparisons between B. vaillantii and B. rousseauxii collected at five localities along the Solimoes/Amazonas axis. H = haplotype frequency; NS = number of singletons and S = number of polymorphic sites.
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Figure 01. Genetic parameters indexes comparisons between B. vaillantii and B. rousseauxii collected at five localities along the Solimoes/Amazonas axis. H = haplotype frequency; NS = number of singletons and S = number of polymorphic sites.

Piramutaba

Dourada


_1145468144.xls
Gráf17

		H		H

		NS		NS

		S		S



Dourada

Piramutaba

Estuário

13

15

9

14

33

38



Dourada

										Dourada

		Localidade		N		H		NHU		Mutações						NSP		MDNP/P		DN		IVGD

										TS		TV		NTM

		Estuário		15		13		9		30		4		34		33				0.009952 ±  0.005444		0.60		Estuário

		Santarém		15		13		6		24		4		28		27				0.008248 ± 0.004576		0.40		Santarem

		Manaus		15		10		7		23		4		27		26				0.006712 ± 0.003793		0.47		Manaus

		Tefé		15		15		12		32		5		37		35				0.010914 ± 0.005933		0.80		Tefé

		Alto Solimões		15		10		5		19		4		23		22				0.007130 ±  0.004007		0.33		Alto Solimões

		Total				61

		Todos os indivíduos		75		47		39		51		12		63		59		7.770090 +/-     3.659103		0.008529 +/-     0.004452		0.52		Total

		Nº Total de H compartilhados

		NTM - número total de mutações (ETA)

		NSP - Sítios Polimórficos (S)

		MDNP/P - média de diferenças nucleotídicas par a par (K)

		DG - Diversidade gênica ou haplotípica (HD)

		DN - Diversidade nucleotídica (Pi)

		IVGD - Índice de variabilidade genética da Dourada.

		É a razão entre o nº de haplotipos únicos pelo nº amostral de cada localidade





Piramutaba

														Piramutaba

		Localidade		N		H		NHU		Mutações						NSP		MDNP/P		DN		Piramutaba		Dourada

										TS		TV		NTM

		Estuário		15		15		14		34		1		35		38				0.0117 ±  0.006		0.93		0.60

		Santarém		15		15		12		42		4		44		49				0.0150 ± 0.008		0.80		0.40

		Manaus		15		15		14		40		2		42		48				0.0150 ± 0.008		0.93		0.47

		Tefé		15		14		12		35		2		37		42				0.0134 ± 0.007		0.80		0.80

		Alto Solimões		15		14		11		43		2		45		52				0.0158 ± 0.008		0.73		0.33

		Total				73

		Todos os indivíduos		75		69		63		67		5		72		79		13.58 ± 6.17		0.0144 ± 0.007		0.84		0.52

		Nº Total de H compartilhados





Piramutaba

		0		0

		0		0





Plan3

		

		Estuário

				H		NS		S

		Dourada		13		9		33

		Piramutaba		15		14		38

		Santarém

				H		NS		S

		Dourada		13		6		27

		Piramutaba		15		12		49

		Manaus

				H		NS		S

		Dourada		10		7		26

		Piramutaba		15		14		48

		Tefé

				H		NS		S

		Dourada		15		12		35

		Piramutaba		14		12		42

		Tabatinga

				H		NS		S

		Dourada		10		5		22

		Piramutaba		14		11		52





Plan3

		0		0

		0		0

		0		0



Dourada

Piramutaba

Estuário



		0		0

		0		0

		0		0



Dourada

Piramutaba

Santarém



		0		0

		0		0

		0		0



Dourada

Piramutaba

Manaus



		0		0

		0		0

		0		0



Dourada

Piramutaba

Tefé



		0		0

		0		0

		0		0



Dourada

Piramutaba

Tabatinga



Figure 01. Genetic parameters indexes comparisons between B. vaillantii and B. rousseauxii collected at five localities along the Solimoes/Amazonas axis. H = haplotype frequency; NS = number of singletons and S = number of polymorphic sites.
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Figure 01. Genetic parameters indexes comparisons between B. vaillantii and B. rousseauxii collected at five localities along the Solimoes/Amazonas axis. H = haplotype frequency; NS = number of singletons and S = number of polymorphic sites.
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Figure 01. Genetic parameters indexes comparisons between B. vaillantii and B. rousseauxii collected at five localities along the Solimoes/Amazonas axis. H = haplotype frequency; NS = number of singletons and S = number of polymorphic sites.
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