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Abstract

This study was conducted at Tri An Reservoir of Vietnam from November 2007 to June 2009 to determine the impact of tilapias (Oreochromis spp.) on the fisheries and biodiversity of indigenous species in the reservoir. Historical and currently data on fish caught and fish species composition was collected. There are currently 19 different types of fishing gears in use at the reservoir, of which 14 fishing gears caught tilapias. Of the five fishing gears with highest total catches, only two caught tilapias. There were only 4.62% and 5.09% of tilapias in fishermen harvest and landing point records, repectively. However, tilapias (Oreochromis spp.) were 6th of 40 fish species caught from fishermen data, indicating the rather low productivity of most other fish species in the reservoir. Among the six species with highest biomass, the only economically valuable species recorded were the silver barb (Barbonymus gonionotus) and tilapias. The species with little or no economic value that are abundant in the reservoir (glass fish Parambassis siamensis, river sprat Corica soborna, repassan Cyclocheilichthys repasson and wrestling halfbeak Dermogenys pusillus), accounted for 64% of estimated total fish harvest (3823 tons) in the reservoir in 2008. The high production of low value species is also evidenced by their abundance at landing points, with glass fish and river sprat accounting for 355.91 and 243.68 of the total of 1661 tons landed in 2008. These indicated that the abundance of low economic value fishes may affect fisheries and fish biodiversity much more than the impact of alien tilapias species.

 

By using gill nets instead of seining, fish species composition was composed of more species with high economic value. Estimated tilapia catches and landing records show that tilapia species are abundant (84.62 of the total 1661 tons at landing points), second most only to silver barb (147.59 of 1661 total tons). This pattern holds despite the fact that tilapia haven’t been stocked regularly as silver barb and other cultured fish species, indicating a favorable development of tilapia species in the reservoir. During the peak catches of tilapias in August in 2008, the other top five most commonly caught fishes are not at their peak catches, indicating a likely impact of tilapias on other economically important fish species such as silver barb, common carp (Cyprinus carpio), repassan and Labiobarbus spilopleura. 
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INTRODUCTION

Tilapias (Oreochromis spp.) support an enormous market throughout Asia. Additionally, tilapias have been promoted as a food supply for poor farmers, as they provide food security. Tilapias were introduced into Vietnam several times from 1951 to 1997, and have been widely cultured in various systems, including ponds, cages, and rice-fields (Tu 2003). There were 700 tilapia hatcheries in Ho Chi Minh City in 2003, resulting in a seed production of 400 MT per year (Tu, 2003). According to MOFI (2006), the production of tilapia in Vietnam was 54,000 MT in 2005, with total culture area of 2,148 ha in 2004. Such rapid development of tilapia culture resulted in fish escapes to natural environments, a serious concern that deserves research a great caution. The rapid expansion of tilapia populations in Vietnam’s natural waters indicates that the ecosystems are able to support the invasion. Restocking tilapia in reservoirs was generally aimed at increased fish catch production (FAO-SEAFDEC, 1985).

Escaped tilapias from aquaculture have established populations in reservoirs (Tu 2003 2006). For example, tilapias accounted for about 4% and 20% of the total catch in Tri An and Thac Mo Reservoirs, respectively (Tu 2003, 2006). Some regard tilapia as beneficial to local fisheries (and sometimes for control of mosquitoes or aquatic plants); some consider them pests with stunted populations that compete with indigenous fish species; and some consider their presence to be both, with benefits and negative effects, depending on geographical area (Lowe-McConnell 2000).

The purpose of this study is to investigate the impacts of tilapias on fisheries and biodiversity of indigenous fish species in the Tri An reservoirs of Vietnam. Information on the impacts of the introduced alien species on fisheries and biodiversity of indigenous fish species will allow governmental agencies to establish policies, plans and mechanisms for the management of the introduction of alien species. 
MATERIALS AND METHODS

This study was conducted at Tri An Reservoir from November 2007 to June 2009. Tri An Reservoir was constructed in 1984 for the main purpose of providing hydroelectric power to southern Vietnam, which it has been doing since 1988. It was formed as a result of a dam constructed on the upper Dongnai River. The Tri An Reservoir is the largest reservoir in Vietnam, with a surface area of 324 km2 and 15.05 km3 of water storage capacity. It has an electric capacity of 420 MW, generating an average of 1,700 GW hour-1 year-1.

Tri An Reservoir is located at 10( through 12(20’N and 107( through 108(30’E. The watershed of Tri An Reservoir is around 15,400 km2, with a mean reservoir length of 43.5 km, mean reservoir width of 7.5 km, maximum depth of 28 m, total volume of 2.76 km3, and mean area of 323.4 km2.

The primary data on fish catch and fish species composition was collected during a one-year study period through interviews and field sampling. 

(1) Collecting data during the annual harvest by the fisheries management companies;

(2) Collecting data at fish landing points such as Ap 1, Phu Cuong and La Nga; 
(3) Investigation of fishermen for their fish catch and species composition;

(4) Field sampling to investigate seasonal fish species composition.

The secondary data of historical fish catch and fish species composition in Tri An Reservoir was collected from relevant reservoir management agencies such as the Dong Nai Fisheries Company, Dong Nai Department of Agriculture and Rural Development, Dong Nai Bureau of Fisheries Resources Protection and Management, and Dong Nai Fisheries Extension Center.

Interviews with fisherman for catch and species composition

Interviews with fishermen consisted of two main themes: the type of fishing gear used and the fish catches for each fishing gear. There were 151 fishermen interviewed at upstream, midstream and downstream of the reservoir, accounting around 15% of total fishermen in the reservoir. At the upstream area, 49 of the interviewed fishermen belonged to La Nga and Thanh Son Communes. At the midstream area, 57 of the interviewed fishermen belonged to Phu Cuong and Gia Tan Communes. At the downstream area, 45 of the interviewed fishermen belonged to Ma Da and Vinh An Communes. 

The total number of each type of fishing gear was recorded from Dong Nai Fisheries Company. Detailed information that was not available at Dong Nai Fisheries Company such as catch per unit effort (CPUE), fishing times and duration, and fish species composition was investigated directly from fishermen. CPUE was defined as the daily average catch (kg/day) for each type of fishing gear.

Field sampling to investigate seasonal fish species composition

Seasonal fish species composition in Tri An Reservoir was estimated by seining fish at 4, 5 and 4 locations at upstream, midstream and downstream of the reservoir four times per year. Field sampling was also carried out using gillnets with mesh size of 40-60 mm, the net length and width were 1,000m and 5m, respectively. The gillnet was fixed by floats for whole day per location. Seasonal sampling times were November 2007, February 2008, May 2008 and August 2008 representing the dry season (November and February) and rainy season (May and August).
Data analyses

The secondary and primary data from Tri An Reservoir were calculated in the percentage changes of fish catch and fish species composition over time using Microsoft Excel software. The linear relationship was also calculated for fish catch and effort. 

RESULTS

The state of fish catches over time in Tri An Reservoir 

Yearly fingerling stocking, fish catch and number of fishermen are presented in Table 1. The linear relationship between fish catch and effort found an R2 of 35, so only 35% of the variation is explained by fishing effort. The fishermen population reached highs in 1998 and 2000 and then has essentially leveled off. If CPUE was defined as dividing of catch by number of fisherman, the linear relationship between CPUE and year show an increase across all years in CPUE and explains R2= 55% of the variation. 

Table 1.  Stocking and catch over time in Tri An Reservoir

	Year
	Fingerling stocking (no. of fish)    
	Annual fish catch 

(MT/year)
	No. of fishermen

	1993
	0
	800
	300

	1994
	0
	833
	400

	1995
	1,300,000
	1126
	550

	1996
	1,900,000
	1475
	748

	1997
	5,006,000
	1825
	800

	1998
	0
	1840
	1234

	1999
	1,317,000
	2269
	1136

	2000
	1,200,000
	2301
	1470

	2001
	1,501,000
	2786
	1237

	2002
	1,170,000
	3118
	892

	2003
	868,000
	3080
	978

	2004
	0
	2835
	884

	2005
	0
	2589
	872

	2006
	500
	2600
	721

	2007
	1,000,000
	2837
	747

	2008*
	0
	3823
	1115


Source: Dong Nai Fisheries Company (1993-2007), * 2008 data were collected by this study. 

Fishing gears and species composition in Tri An Reservoir

There were 19 main types of fishing gears used in Tri An Reservoir, with mean daily catch (CPUE) for each fishing gear ranging from 3.4 to 71.4 kg/day (Table 2). CPUEs of each fishing gear changed by seasons. The most productive gears in terms of CPUE were seine nets, magine scoop nets, lift nets with a light and lift nets without a light. In terms of quantity of fishing gears operation, gill nets, magine scoop nets, lift nets with a light and long lines were the most popular (Table 3). Seasonal fish catch of each fishing gear was also presented at Table 3 in order to combine a yearly fish catch. The five fishing gears with highest yearly catches were magine scoop nets (1 lights), lift net with a light, gillnets (mesh size 40-60 mm), seine nets and magine scoop nets (18 lights). The fish catch of top five fishing gears make up 81.7% total catch of the reservoir, with total of 3,124 tons/year.

Table 2.  CPUE of fishing gears during dry and rainy seasons

	No.

 
	Fishing gears

 
	CPUE in dry season

 (kg/day)
	CPUE in rainy season  (kg/day)

	1
	Seine net (2 boats)
	70.7 ± 4.14
	45.3 ± 3.83

	2
	Machine scoop net (18 light)
	70.42 ± 7.65
	59.28 ± 6.46

	3
	Machine scoop net (1 lights)
	56.96 ± 5.33
	38.64 ± 4.68

	4
	Lift net (no lights)
	53.52 ± 10.9
	22.48 ± 3.73

	5
	Mobile cast net
	49.84 ± 4.92
	0

	6
	Seine net (1 boat)
	48.8 ± 4.49
	40.3 ± 3.0

	7
	Encircle surrounding net
	42 ± 8.0
	0

	8
	Viet trawl net
	31.2 ± 6.03
	12.64 ± 2.16 

	9
	Mussel trawl net
	15.24 ± 1.16
	0

	10
	Gillnet (mesh size 40-60 mm)
	14.84 ± 1.2
	11.82 ± 0.94

	11
	Cast net
	14 ± 0.98
	0

	12
	Gillnet (mesh size 70-140 mm)
	10.1 ± 1.45
	8.51 ± 0.73

	13
	Surface gillnet station
	9.68 ± 1.69
	7.2 ± 0.44

	14
	Horizontal cylinder basket trap for marble goby
	8.48 ± 1.18
	7.04 ± 0.84

	15
	Horizontal cylinder basket trap for shrimp
	6.28 ± 0.58
	3.4 ± 0.46

	16
	Long line
	5.76 ± 0.44
	4.32 ± 0.5

	17
	Lift net with light
	0
	71.44 ± 7.56

	18
	Horizontal cylinder basket trap for tilapia
	0
	8.08 ± 1.36

	19
	Trammel net
	0
	6.8 ± 1.16


Table 3. Fishing gears and total catches in Tri An Reservoir

	 No.
	Fishing gears
	No. fishing gears
	
	Fish catch (MT)
	Total catch (MT)

	
	
	Dry season
	Rainy season
	
	Dry season
	Rainy season
	

	1
	Magine scoop net (1 light)
	104
	63
	
	889
	219
	1108

	2
	Lift net with a light
	0
	80
	
	0
	686
	686

	3
	Gillnet (mesh size 40-60 mm)
	228
	178
	
	406
	189
	595

	4
	Seine net (2 boat)
	42
	30
	
	356
	61
	417

	5
	Magine scoop net (18 light)
	25
	20
	
	211
	107
	318

	6
	Lift net
	18
	22
	
	101
	52
	153

	7
	Mussel trawl net
	70
	0
	
	128
	0
	128

	8
	Seine net (1 boat)
	10
	20
	
	73
	29
	102

	9
	Viet trawl net
	22
	31
	
	62
	35
	97

	10
	Long line
	52
	108
	
	9
	56
	65

	11
	Horizontal cylinder basket trap for marble goby
	25
	29
	
	25
	18
	44

	12
	Horizontal cylinder basket trap for shrimp
	39
	48
	
	22
	20
	42

	13
	Mobile cast net
	11
	0
	
	33
	0
	33

	14
	Surface gillnet station
	6
	8
	
	5
	5
	10

	15
	Gillnet (mesh size 70-140 mm)
	2
	11
	
	1
	6
	7

	16
	Horizontal cylinder basker trap for tilapia
	0
	12
	
	0
	6
	6

	17
	Encircle surrounding net
	2
	0
	
	5
	0
	5

	18
	Trammel net
	0
	6
	
	0
	4
	4

	19
	Cast net
	2
	0
	
	3
	0
	3

	
	Total
	658 
	666 
	
	2329
	1493
	3823


Proportions of tilapias catch in various fishing gears were presented in Table 4. Gill net with various mesh size (40-140 mm) was the main fishing gear for tilapia catching. Other fishing gears with high rate of tilapias catch were horizontal cylinder basket traps and cash net. There was 14 fishing gears (73.7%) having tilapias within their catches, in which 8 fishing gears (42.1%) having tilapias catch for whole year round.

Table 4. Proportion of tilapias in various fishing gears

	 No.
	Fishing gears
	% tilapias 

in dry season 
	% tilapias 

in rainy season

	1
	Gillnet (mesh size 70-140 mm)
	21.34 ± 8.01
	26.63 ± 12.16

	2
	Gillnet (mesh size 40-60 mm)
	18.81 ± 5.24
	7.82 ± 2.88

	3
	Horizontal cylinder basket trap for marble goby
	7.67 ± 3.27
	25.68 ± 5.13

	4
	Long line
	1.99 ± 0.91
	15.57 ± 6.45

	5
	Lift net
	8.07 ± 2.19
	8.9 ± 3,99

	6
	Seine net (1 boat)
	5.23 ± 1.57
	6.88 ± 1.32

	7
	Seine net (2 boats)
	5.96 ± 1.59
	3.12 ± 3,22

	8
	Surface gillnet station
	1.62 ± 1.62
	3.47 ± 2.95

	9
	Horizontal cylinder basker trap for tilapia
	0
	37.46 ± 8.17

	10
	Trammel net
	0
	19.0 ± 4.4

	11
	Cast net
	26.07 ± 2.13
	0

	12
	Encircle surrounding net
	15.95 ± 2.27
	0

	13
	Mobile cast net
	4.01 ± 2.63
	0

	14
	Magine scoop net (1 light)
	2.62 ± 1.27
	0

	15
	Viet trawl net
	0
	0

	16
	Mussel trawl net
	0
	0

	17
	Magine scoop net (18 lights)
	0
	0

	18
	Horizontal cylinder basker trap for shrimp
	0
	0

	19
	Lift net with light
	0
	0


Table 5 presents the most common 40 fish species caught by the 19 fishing gears. Most abundant species such as glass fish Parambassis siamensis, river sprat Corica soborna, repassan Cyclocheilichthys repasson and wrestling halfbeak Dermogenys pusillus accounted for 64% of estimated total fish harvest (3823 tons) in the reservoir in 2008.
Table 5.  Fish species composition from 19 fishing gears in Tri An Reservoir

	No.
	Fish species
	Fish catch (ton)
	%

	1
	Parambassis siamensis
	727.1
	19.02

	2
	Corica sorbona
	666.2
	17.43

	3
	Cyclocheilichthys repasson
	566.1
	14.81

	4
	Dermogenys pusillus
	448.4
	11.73

	5
	Barbonymus gonionotus
	278.8
	7.29

	6
	Oreochromis spp.
	176.5
	4.62

	7
	Kryptopterus cryptopterus
	167.7
	4.39

	8
	Labiobarbus spilopleura
	155.2
	4.06

	9
	Mystus spp.
	147.3
	3.85

	10
	Glossogobius giuris
	119.0
	3.11

	11
	Cyprinus carpio
	92.1
	2.41

	12
	Oxyeleotris marmoratus
	69.4
	1.81

	13
	Hemibagrus wyckii
	47.1
	1.23

	14
	Hypostomus plecostomus
	32.9
	0.86

	15
	Cichla ocellaris
	20.1
	0.52

	16
	Wallago attu
	16.9
	0.44

	17
	Mystus nemurus
	14.8
	0.39

	18
	Cirrhinus jullieni
	13.1
	0.34

	19
	Henicorhynchus siamensis
	12.5
	0.33

	20
	Mystus wyckii 
	10.7
	0.28

	21
	Micronema bleekeri
	6.2
	0.16

	22
	Osteochilus hasseltii
	5.0
	0.13

	23
	Clarias batrachus
	4.9
	0.13

	24
	Macrognathus taeniagaster
	4.9
	0.13

	25
	Hampala macrolepidota
	4.0
	0.11

	26
	Labeo chrysophekadion
	3.6
	0.09

	27
	Ompok bimaculatus
	3.0
	0.08

	28
	Channa  striatus
	1.9
	0.05

	29
	Hypophthalmichthys molitrix
	1.7
	0.05

	30
	Notopterus notopterus
	1.7
	0.05

	31
	Mastacembelus armatus
	1.5
	0.04

	32
	Ctenopharyngodon idellus
	0.6
	0.02

	33
	Labeo rohita
	0.4
	0.01

	34
	Clarias macrocephalus
	0.4
	0.01

	35
	Anguilla marmorata
	0.2
	0.01

	36
	Macrognathus siamensis
	0.2
	0.01

	37
	Macrobrachium rosenbergii
	0.2
	0.01

	38
	Pangasius hypophthalmus
	0.2
	0.01

	39
	Hypophthalmichthys nobilis
	0.06
	0.002

	40
	Paralaubuca barroni
	0.01
	0.0002


Fluctuations of fishing seasons and locations

Fish species composition by season in seine surveys was presented in Table 6. Tilapias (Oreochromis spp.) were also abundant, ranking second in catch after silver barb (Barbonymus gonionotus). Both tilapias and silver barb catches have high fluctuations by season, with peak catches in August and February, respectively. The other fish species at high catch rate were common carp (Cyprinus carpio) and repassan (Cyclocheilichthys repasson), accounting for 16.9 and 13.6%, respectively. Within the top five fish species with highest fish catches, the peak catch season of tilapias (in August) was different with others.
Table 6.  Fish species composition by season in seine surveys

	No.
	Species
	Proportion of catch by weight (%)

	 
	 
	Nov 

07
	 Feb 08
	 May 08
	Aug 08
	All year

	1
	Barbonymus gonionotus
	25.5
	36.5
	33.2
	27.2
	30.6

	2
	Oreochromis spp.
	12.3
	12.5
	17.6
	36.6
	19.7

	3
	Cyprinus carpio
	16.9
	18.9
	19.5
	12.4
	16.9

	4
	Cyclocheilichthys repasson
	22.9
	16.7
	4.8
	9.9
	13.6

	5
	Labiobarbus spilopleura
	8.6
	8.5
	5.8
	1.1
	6.0

	6
	Mystus spp.
	1.9
	0.8
	0.8
	6.8
	2.6

	7
	Cichla ocellaris
	0
	1.5
	4.3
	2.3
	2.0

	8
	Hypostomus plecostomus
	4.1
	0.4
	1.7
	0
	1.6

	9
	Mystus nemurus
	0
	1.8
	3.3
	0
	1.3

	10
	Anguilla marmorata
	3.4
	0
	1.6
	0
	1.3

	11
	Hypophthalmichthys nobilis
	0
	0.7
	3.5
	0
	1.0

	12
	Oxyeleotris marmoratus
	2.7
	0.3
	0
	0.7
	0.9

	13
	Hampala macrolepidota
	1.4
	1.4
	0.2
	0
	0.8

	14
	Kryptopterus cryptopterus
	0
	0
	0
	2.0
	0.5

	15
	Ompok bimaculatus
	0.3
	0
	0.7
	0.3
	0.3

	16
	Hemibagrus wyckii
	0
	0
	1.1
	0
	0.3

	17
	Wallago attu
	0
	0
	1.1
	0
	0.3

	18
	Labeo chrysophekadion
	0
	0
	0.5
	0.4
	0.2

	19
	Notopterus notopterus
	0
	0
	0.4
	0.1
	0.1

	20
	Channa  striatus
	0
	0
	0
	0.2
	0.1


Fish species composition by locations in seine surveys was presented in Table 7. Most of fish species have fluctuations in fish catch between upstream, midstream and downstream. At the upstream area, tilapias were the most abundant catch species (26.3% in catch weight), but it was less abundant at the downstream sites. Silver barb (Barbonymus gonionotus) occupied abundant at the midle and downstream of the reservoir. 
Table 7.  Fish species composition by locations in seine surveys

	No.
	Species
	Percent in weight (%)

	 
	 
	Upstream
	Midstream
	Downstream
	Reservoir

	1
	Barbonymus gonionotus
	25.2
	33.7
	32.8
	30.6

	2
	Oreochromis spp.
	26.3
	19.1
	13.9
	19.7

	3
	Cyprinus carpio
	14.4
	16.5
	19.9
	16.9

	4
	Cyclocheilichthys repasson
	17.9
	10.3
	12.5
	13.6

	5
	Labiobarbus spilopleura
	5.8
	6.0
	6.1
	6.0

	6
	Mystus spp.
	0
	4.4
	3.3
	2.6

	7
	Cichla ocellaris
	1.7
	1.7
	2.7
	2.0

	8
	Hypostomus plecostomus
	1.7
	0.5
	2.5
	1.6

	9
	Mystus nemurus
	0
	1.2
	2.7
	1.3

	10
	Anguilla marmorata
	1.8
	0
	2.0
	1.3

	11
	Hypophthalmichthys nobilis
	1.4
	1.2
	0.5
	1.0

	12
	Oxyeleotris marmoratus
	1.2
	1.5
	0
	0.9

	13
	Hampala macrolepidota
	0
	1.1
	1.2
	0.8

	14
	Kryptopterus cryptopterus
	0
	1.5
	0
	0.5

	15
	Ompok bimaculatus
	0.8
	0.3
	0
	0.3

	16
	Hemibagrus wyckii
	0.4
	0.4
	0
	0.3

	17
	Wallago attu
	0.8
	0
	0
	0.3

	18
	Labeo chrysophekadion
	0
	0.7
	0
	0.2

	19
	Notopterus notopterus
	0.4
	0
	0
	0.1

	20
	Channa  striatus
	0.2
	0
	0
	0.1


DISCUSSIONS
Recently in Tri An Reservoir, fingerling stocking has not been continuous, especially for tilapias, which have not been stocked for the last 10 years. Thus, current tilapia populations in the reservoir exist due to natural reproduction, while other traditional herbivorous fish are stocked continuously such as silver carp, bighead carp, common carp, etc. The fluctuations in annual fish catch showed unstable management practices at the reservoir, based mostly on fluctuations of fishermen and fishing gears. Yearly fluctuations of fish catch and CPUE indicated that fisheries resources of Tri An Reservoir are affected by multiple factors such as environment, time and seasons, etc…

As CPUEs of each fishing gear changed by seasons, recording and understanding such changes were necessary for estimating the yearly average CPUE of each fishing gear. However, most of the previous historical fish catch data from Tri An Reservoir did not record this information, making it difficult to estimate yearly total catch exactly.

The data of seasonal fish catch and total catch for each fishing gear were not contributed directly to assess of tilapias impacts, but it provides a whole picture of fishing gear diversity and activities at the reservoir. Among the top fishing gears with highest catches, magine scoop nets, lift net and seine net were the one to catch all size of fish, indicating an uncontrol fishing situation at the reservoir.    

Within the top five fishing gears with highest total catch, lift nets with a light and magine scoop nets (18 lights) were not used to catch tilapia, and magine scoop nets (1 light) tilapias didn’t focus on tilapia. That was probably why tilapia only accounts for 4.62% of fish species composition caught in the reservoir. However, 14 of the 19 fishing gears operating in the reservoir caught tilapia. This finding suggests a wide distribution and production of tilapias across the reservoir. When tilapias were catched mainly by gill net with its mesh size lesser than 60 mm, it indicates an overfishing situation of tilapias in the reservoir.

According to Tung and Trong (2005), there were 109 fish species in Tri An Reservoir. Although this study’s effort was not similar to Tung and Trong (2005), the low number of species caught in the present study suggest a decline in biodiversity since the Tung and Trong report. However, there was no data to prove that such a decrease was caused by the impacts of fishing activity or alien species. Sy (2008) implies some negative impacts of alien carnivorous species in the reservoir, such as Cichla ocellaris, but not tilapias.

Among the top six species with the highest catches, only two economically valuable species were recorded: silver barb and tilapias. The fish of low economic value abundant in the reservoir were as Parambassis siamensis, Corica sorbona, Cyclocheilichthys repasson and Dermogenys pusillus. These fish represented 64% of total catch by biomass in the reservoir. This indicates over-fishing for economically valuable species in the reservoir (Li and Xu, 1995), a situation that has strongly affected fisheries and fish biodiversity much more than the impact of alien species.

By using gill nets (mesh size 40-60 mm) to seine fish at 4, 5 and 4 locations upstream, midstream and downstream of the reservoir four times per year, the data showed that fish species composition was concentrated more economically species. Tilapias were also abundant, ranking second in catch after silver barb, indicating a favorable development of such species in the reservoir as well as their strongly reproduction during a year cycle. In August, when tilapia was in their highest total catch, the other top five fish catch species does not fall into that peak catch, indicating the interaction of tilapia and other main economically fish species such as silver barb (Barbonymus gonionotus), common carp (Cyprinus carpio), repassan (Cyclocheilichthys repasson) and Labiobarbus spilopleura.
Most of fish species have fluctuations in fish catch between upstream, midstream and downstream indicating the habitat and environmental factors play an important role for fish distribution in the reservoir. The upstream area has more favorable conditions for fish growth and reproduction because of more food source and nutrients from Dong Nai and La Nga Rivers, indicating that tilapias were among dominant economically valuable species successfully occupying this area. Luong et al. (2002) indicated rather low primary and secondary productions at Tri An Reservoir (phytoplankton and zooplankton of 0.36 - 0.82 g DW/m2), resulting less abundant of tilapias at the downstream area. On the other hand, the limitted plankton food source had also been competed by many herbivorous fish. To manage the fish species composition at Tri An Reservoir, Luong et al. (2005) suggested to stock indigenous mable goby (Oxyeleotris marmorata) to feed on the prawns (Macrobrachium spp.) and other low economic small fish species (glass fish Parambassis siamensis, river sprat Corica soborna, repassan Cyclocheilichthys repasson, etc.). In terms of natural food web management, reducing of low economic small fish species may allow quick development of economically herbivorous fish such as tilapias, silver carp, bighead carp, etc. 
ANTICIPATED BENEFITS

Information on the impacts of the introduced alien species on fisheries and biodiversity of indigenous fish species will allow governmental agencies to establish policies, plans and mechanisms for the management of the introduction of alien species.

As reservoirs are widely distributed throughout Asian countries and tilapias have been introduced into many reservoirs either intentionally or unintentionally, these results from this study may allow to stocking continuously of tilapias without much concerning of its negative impacts.
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