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Introduction 
• Formosa landlocked salmon Oncorhynchus formosanus (Jordan & Oshima 

1919), endangered and endemic to Taiwan, is confined to a 7 km section 

headwaters of Chichiawan Stream, in upper reaches of Tachia River.  

• Glacial relic & landlocked due to a complex process: glaciation, mountain range 

uplifting, de-glaciation, and evolution from anadromous ancestors. 

• In 1992, population was estimated at < 300 individuals. 2003 Shei-Pa National 

Park built a complete aquaculture system. 5 pairs wild Formosa landlocked 

salmon in year 2000 as founders.  Propagated about 5000 captive-bred (i.e. 

hatchery-cultivated) salmon, confined and accumulated in an old hatchery for 4 

consecutive years (2000 to 2004).  

• At least 3271 (3000 age 1, 8~20 cm BL; 250 age 2, >20 cm; & 21 age 3) of the 

captive-bred salmon escaped from the old hatchery when Typhoon Ariel hit in 

2004 fall. 

• Samples taken prior to and following the flooding event caused by Typhoon Ariel 

were examined along with reference samples from the hatchery-cultivated 

captive stock were examined.   

• OBJECFTIVE: Investigated the genetic effects of  massive 

escapes of hatchery-cultivated salmon on the natural genetic 

diversity of the wild populations.  
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Study site 

Fig. 1. Sampling 

areas of Formosa 
landlocked salmon 
within the upper 
tributary of the Tachia 
River in central Taiwan. 
The old hatchery (     ) 
near the broken dam 
(Dam 2) is located 
midstream on the 
Chichiawan Stream. 
The new hatchery ( ) 
was established in 2006. 
White circle shows the 
location of Chichiawan 
Stream in Taiwan.  
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  2004 
Dams 1–3 

(pre-
typhoon) 

2005 
Dams 
 1–3 

2006 
Dams  
1–3 

2006 
Above 
Dam 3 

Hatchery- 
cultivated 

(pre-
typhoon) 

2008 
Dams 
1–3 

Sample size 30 28 62 77 18 30 

Total bands 191 177 178 196 161 161 

Polymorphic 
bands 

39 34 36 50 2 3 

Similarity values 
(S) 

0.968 0.977 0.992 0.988 0.998 0.999 

Genetic 
diversity (He ± 
SD) 

0.056 ± 
0.009 

0.037 ± 
0.008 

0.013 ± 
0.003 

0.020 ± 
0.003 

0.003 ± 
0.002 

0.001 ± 
0.001 

Shannon’s index 
(I ± SD) 

0.086 ± 
0.013 

0.060 ± 
0.012 

0.026 ± 
0.005 

0.041 ± 
0.006 

0.004 ± 
0.003 

0.003 ± 
0.002 

Table 1. Amplified fragment length polymorphism (AFLP) analysis of 3 

selective-primer pairs in wild and hatchery-cultivated Formosa landlocked 

salmon over 4 yr (2004, 2005, 2006, and 2008) 
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• Wild fish above Dam 3 in 2006 had the highest number of 

polymorphic bands (50), wild fish between Dams 1 & 3 in 2008 

had the fewest number (3). Hatchery-cultivated fish (pre-

typhoon) had the lowest number (2). 

• Wild population above Dam 3 in 2006 had higher genetic 

diversity than the wild population between Dams 1 & 3 & the 

hatchery-cultivated stock (pre-typhoon). i.e., before the 

massive escape from the hatchery in 2004, the highest genetic 

diversity (He = 0.056) and the lowest average similarity index 

(S = 0.968) were found in the wild population between Dams 1 

& 3.  

• Genetic diversity in the 2005 sample had less affected by the 

escape of hatchery fish in 2004. 

• Wild fish above Dam 3 (i.e. those that were not affected by the 

escaped fish) have a greater genetic diversity than fish 

between Dams 1 & 3 in 2006 (Table 1). Therefore, random 

genetic drift is not the main cause of genetic diversity loss in 

wild fish between Dams 1 & 3. 
 
 



Fig. 2. Frequency of bands (amplified polymorphic loci) in all populations of Formosa 

landlocked salmon. Only 2 loci (25 and 48) were polymorphic in the hatchery-cultivated 
population. In 2006, the polymorphic loci of the wild fish above Dam 3 were more variable than 
wild fish between Dams 1 and 3. After the flooding event, only 3 loci (24, 25 and 48) were 
polymorphic in wild fish between Dams 1 and 3 in 2008 



• The allele frequency of amplified polymorphic loci was most 

variable in wild fish between Dams 1 & 3 in 2004 (pre-typhoon 

(Fig. 2). 

• In 2006, the polymorphic loci of wild fish above Dam 3 were 

more variable than those of wild fish in the corresponding year 

between Dams 1 & 3. Additionally, only 2 loci (25 & 48) were 

polymorphic in the hatchery-cultivated population. By 2008, only 

3 loci (24, 25 & 48) were polymorphic in wild fish between Dams 

1 & 3. 

• Genetic diversity in the 2005 sample appears to have been less 

affected by the escape of hatchery fish in 2004. 

• Hatchery-cultivated Formosa landlocked salmon (pre-typhoon) 

had the lowest number of polymorphic bands (2, locus 25 & 48) 

among all the fish populations investigated (Fig. 2). Comparing 

the allele frequency of all populations, almost all polymorphic 

loci (with the exception of locus 25 & locus 48) became 

monomorphic after the mass escape (Fig. 2).  

 



2004 

2005 

2004~2008 

individuals with low genetic diversity 

were clustered in the small oval area  

Fig. 3. Plot of the first and second principal coordinates of AFLP genotypes for 

Formosa landlocked salmon during the 4 yr (2004, 2005, 2006, and 2008) 

based on a similarity matrix using PCoA. The first and second coordinates 

account for 42.15 and 25.42% of the total variation, respectively.  



• PCoA revealed 2 (small & large) main clusters. 66% (20/30) in 

2004 (pre-typhoon) between Dams 1 & 3 were inside the small 

oval area, the rest individuals were spread over a larger portion 

of the 2-dimensional space. i.e., a lower level of genetic 

diversity in hatchery-cultivated (pre-typhoon) and wild fish 

collected between Dams 1 & 3 in 2008 compared to individuals 

collected in 2004 (pre-typhoon), 2005 & 2006 either from 

between Dams 1 & 3 or above Dam 3 (Fig. 3).  

• Genetic diversity indicates the diversities of wild fish between 

Dams 1 & 3 in 2004 (pre-typhoon), 2005 & 2006 were higher 

than hatchery-cultivated individuals (pre-typhoon) and wild fish 

between Dams 1 & 3 in 2008. 

• In 2006, the genetic diversity above Dam 3 was only a subset of 

the diversity originally present in the population below Dam 3; in 

PCoA plot (Fig. 3), some below-dam 2004 sample cluster were 

further apart from the ‘oval area’ than the above-dam sample in 

the first dimension(Coord 1), and some below-dam 2005 

sample cluster were further in the second dimension (Coord 2). 
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Fig. 4. (a) The 1 (band present; red)/0 (band absent; black) binary character matrix of polymorphic 

loci among all individuals of Formosa landlocked salmon. (b) Estimated population structure based 

on the highest probability STRUCTURE run at K = 2 and 3. Each individual is represented by a thin 

vertical line, which is partitioned into K colored segments that represent the individual’s estimated 

membership fractions in each of the K clusters. Populations are shown below the figure. Genotypes 

of the hatchery-cultivated population and wild fish collected between Dams 1 & 3 in 2008 were all in 

the blue cluster (band present: loci 1 to 25 and band absent: loci 26 to 61) 



• The Bayesian clustering analysis (STRUCTURE plot) 

indicated 3 clusters (K = 3; purple, orange and blue) and a 

geographical pattern among sites and times (Fig. 4).  

• Comparing the 1 (band present; red)/0 (band absent; grey) 

binary character matrix of polymorphic loci and the 

STRUCTURE analysis, the genotypes of the hatchery-

cultivated population and wild fish collected between Dams 1 

& 3 in 2008 were all in the blue cluster (band present: loci 1 to 

25; band absent: loci 26 to 61) (Fig. 4).  

• Other genotypes were partially or completely in the purple and 

orange clusters that represent the individual’s estimated 

membership fractions. However, genotypes belonging to the 

purple cluster were mainly wild fish collected between Dam 1 

& 3 in 2004. 



ESCAPE DRIFT 

2005 



• Flooding occurs frequently in the Chichiawan Stream, annual mean flood 

discharge varied from 2.6 m3 s–1 in 2003 (with 1 flood), to 14.5 m3 s–1 (112 

floods in 2005). The peak discharge (609 m3 s–1 ) & floods number in 2005 

was the largest in the previous 10 yr discharge history. 

• Aquatic insects are the primary food for Formosa landlocked salmon, as 

flood magnitude increased, biomass & abundance of aquatic insects 

decreased, with both being at their lowest levels in 2005.  

• Formosa landlocked salmon population was lowest in 2005 (523 ind.) . 

Population fluctuated over a 10 yr period (2001 to 2010), varying between 523 

ind. in 2005 and 5321 in 2008. The carrying capacity in entire 7 km 

Chichiawan Stream is estimated to be about 4800 ind., most fish (>50 to 60%) 

concentrated between Dams 1 and 3. 

• 2003, 2004, 2005 & 2006 winter, there were 3042, 1593, 523 & 2270 fish, 

respectively, between Dams 1 & 3. In July 2004, 1648 fish were found in this 

area. At least 3271 captive-bred salmon escaped from the old hatchery when 

Typhoon Ariel hit in 2004 fall. 

• Stream carrying capacity has already been met by 

wild salmon, the addition of escaped hatchery-

produced fish diminish the productivity of the 

group as a whole. 

 



Conclusions 
• Genetic diversity of Formosa landlocked salmon was 

much lower than those reported in other fish species.  

• Formosa landlocked salmon are fluvatile & iteroparous. 

The maximum spawning age about 4 yr when fish>= 

30 cm in fork length (some may live longer). The 

mature fish is about 15 cm; males spawn at 1 yr old, 

females at 2 yr old. Females produce 200~500 eggs 

per spawning. So, cohort effect may explain the 

apparent time lag in the effect of the 2004 mass 

escape. 



• We hypothesize that decline in genetic diversity of 

the wild population was mainly caused by a 

population bottleneck (drift) in 2005, and that genetic 

homogeneity since 2005 was caused by breeding of 

the escaped hatchery fish (which showed low genetic 

diversity) that survived the floods of 2004, particularly 

during the period of low stream productivity in 2005. 

• This study demonstrates the risk of introducing 

hatchery fish into the wild.  

Hatchery should be a  

Remote & closed containment 

production systems & completely  

separates farmed salmon 

production from  

conservation area. 

 




