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Mixed Species Problem 

• In tropical countries, Fishery 
information is sometimes limited 

• Catch statistics is not available by 
species 

• Fisheries Management should be 
applied for multi species gear  (purse 
seine etc)                  

• Single species population assessment 
and fisheries management model are 
not applicable without validation. 
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Purse Seine Fishery  
in Kuantan, Malaysia 



Species Composition by Purse Seine Vessel  
in East Cost of Peninsula Malaysia 
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Surveyed on August 2017 
with SEAFDEC/MFRDMD 

Harliyan et al. unpubl. 
data 



Stock Assessment Methods 

• Age based method (VPA etc) 
– Aging is difficult for tropical 

fished 

• Production Model 
– Applicable if effort range is wider 

• Feedback Control Management 
– Applicable in data poor situation 

– Maybe conservative 

 

• All are developed  
for Single Species Fishery 
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Stock Assessment for  

Pelagic group  
in the Gulf of Thailand  



Rule 2-1 in Japanese Stock  
Assessment Procedure 

• Applied for Data Poor Situation 

• Population Estimation is not available 

• Data: C, Stock Level, CPUE 

• ABC = δ １ × Ct × γ１  

• δ １ ＝ 1.0 (High)  
   1.0 (Middle)  
   0.8  (Low) 

• γ１＝1+ k b / I  

– k: feedback parameter (1.0) 

– b: tangent of the CPUE for recent 3 years 

– I: Average of the CPUE for recent 3 years 
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Feedback Effort Control  

• The idea is appeared in Tanaka(1980) 
– Tanaka, S. (1980). A theoretical consideration on the management of 

a stock-fishery system by catch quota and on its dynamical 
properties. Bulletin of the Japanese Society of Scientific Fisheries. 

• If the biomass is increasing, more fishing effort can be 
allowed, and vice versa. 
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Aim of this study 

• Conduct simulation of fishing operation and 
management by feedback control rule with mixed 
species situation 

• Analyze the result by comparing MSY to examine the 
applicability of the feedback control rule for the 
mixed species situation 
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Method 

• Based on Hiramatsu 
(2004), 

• Three (3) species 
– Population dynamics are 

independent 

– Caught by same gear 
 (multi-species gear) 

– Catch and CPUE are not divided 
to species  
(mixed species data) 

 

 

• Simulation for 51 years 100 
iterations 
– 21 years for constant effort 

– Populations at 1st and 21st year are 
given (K/2) 

– After 22nd year, caught following 
Rule 2-1 calculated from mixed 
species data 

– Catch for each species are 
proportional to the biomass 

– Observe the population dynamics 
and catch for each species 
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Equations 
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𝐵𝑦+1 = 𝐵𝑦 + 𝑟𝐵𝑦 1 −
𝐵𝑦

𝐾
exp 𝜎𝑅𝜀𝑦 −

1

2
𝜎𝑅
2 − 𝑞𝑋𝑦𝐵𝑦 

  

𝐾  Carrying Capacity 
𝑟  Intrinsic Growth Rate 
𝐵𝑦 Biomass 

𝑋𝑦 Effort 

𝐼𝑦  Population Index 

 

𝐼𝑦 =
𝐵𝑦 + 𝐵𝑦+1

2
exp 𝜎𝐼𝜂𝑦 −

1

2
𝜎𝐼
2  

𝜎𝑅 s.d. for process error 
𝜎𝐼  s.d. for observation error 
 𝜀𝑦, 𝜂𝑦~𝑁 0,1  



Parameters  

Sp 1 Sp 2 Sp 3 

B0 25,000 10,000 5,000 

qE 0.106 0.106 0.106 

r 0.2 0.5 1.0 

K 50,000 20,000 10,000 

Bmsy 25,000 10,000 5,000 

MSY 2,500 

Trend M-M 

Error 0.2 

Sp 1 Sp 2 Sp 3 

B0 25,000 10,000 5,000 

qE 0.106 0.106 0.106 

r 0.2 0.5 1.0 

K 50,000 20,000 10,000 

Bmsy 25,000 10,000 5,000 

MSY 2,500 

Trend M-M 

Error 0.3 
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Case 1 Case 2 



Example of a Result 
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Case 1 



• Fig. 2. Biomass and catch trajectories for three species after applying the default feedback harvest control 
rule to both mixed-species and single-species data, for the most common scenario (BM – BM). Only 20 
trajectories are shown in each figure; both σR and σm were fixed at 0.2. Bold horizontal lines through the 
biomass and catch trajectories, respectively, indicate the BMSY level and MSY level. 
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Result 
Case 1 Case 2 
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After 
Mix Mgmt 

Sp 1 Sp2 Sp 3 Total 

Yield/MSY 58% 46% 27% 35% 

B51/Bmsy 99% 166% 176% 126% 

Failure 0% 0% 0% 0% 

Single 
Mgmt 

Sp 1 Sp2 Sp 3 Total 

Yield/MSY 46% 46% 27% 30% 

B51/Bmsy 104% 165% 185% 129% 

Failure 7% 0% 0% 7% 

After 
Mix Mgmt 

Sp 1 Sp2 Sp 3 Total 

Yield/MSY 43% 41% 20% 25% 

B51/Bmsy 67% 158% 131% 98% 

Failure 0% 1% 15% 16% 

Single 
Mgmt 

Sp 1 Sp2 Sp 3 Total 

Yield/MSY 35% 37% 20% 21% 

B51/Bmsy 60% 152% 137% 93% 

Failure 23% 0% 16% 36% 



Result 
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Case 1 Case 2 



Calculation in progress 

• More species parameters (r, K) 

• More parameters for errors (𝜎𝑅 , 𝜎𝐼) 

• Optimum parameters for the feedback control (k, σ) 

• Examine the influence of population dynamics 
before the management 

• Examine the influence of duration for calculating 
CPUE trends (b)  
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SP1 SP2 SP3 

case K minor major major 

1 

 r  

L S L 

2 L S S 
3 S L L 

4 S S L 

biological 

fishery 

Result of Multi-species Production Model 

r is different among 3 species 
r-L:  r is large 
r-S:  r is small 
(L is twice than S) 

case 1 

case 4 case 3 

case 2 

biological 

fishery 

biological 

fishery 

biological 

fishery 

Results 



Fox Model and Shaefer Model 

• Fox model assume the production follows Gompertz curve 
in stead of Logistic Curve in Schaefer’s Model 
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Conclusion 

• Feedback control procedure has a similar performance for 
mixed species data comparing single species data, as far as in 
the limited simulation cases. 

• For applying the single species model for mixed species data, 
validity should be assessed through simulation studies. 

• Implementation for multi-species, multi-gear situation fishery 
management should be also carefully considered. 

• These researches can contribute sustainable fishery in ASEAN 
Region. 
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