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Executive summary 
This report presents an updated observer program (OP) simulation study with new data, 2019-2021 
China OP. A total of 2214 fishing days and 87266 individuals were observed from 2018 to 2021. 
The samples consisted of the small, medium, and large size individuals in different proportions. Two 
simulations are presented for estimating the effects of coverage rate on the precision and accuracy 
of the estimates of length-frequency. The parameters (mean and SD) obtained regarding the 
observed length frequency distributions were used to generate the ML compositions of each vessel 
under different CVs. The ML composition from all vessels composed the sample populations used 
for the resampling processes. Mean square root difference (MSD) and relative estimated error (REE) 
were used to measure the precision and accuracy of the estimates of length-frequency. In general, 
the MSD and REE of the estimates of length-frequency decreased with the increase of coverage. At 
an identical observer coverage, the high CV of the length compositions (mean and SD) among 
vessels means high MSD and REE. At an identical coverage and CV, the MSD decreased with the 
increase of the original frequency revealing that the estimates of the frequency for the ML groups 
with high original frequency were more accurate than those with low original frequency. A coverage 
rate of 1% or less could keep the REE of the mean or SD estimates within 20% or keep the MSD of 
the frequency estimates within50%. At the required MSD of 25%, 5% would be the optimal observer 
coverage. A coverage rate of 1% (5 full-time observers) to 5% can meet data requirements for 
scientific purposes. 

1 Purpose 
The Commission requested to provide advice on the appropriate level of observer coverage in the 
Jumbo flying squid fishery at COMM-10. At SC 7, China submitted a simulation study on coverage 
rate based on length-frequency data from the 2018 China Observer Program ( SC7-SQ06). The 
purposes of this report were to update the simulation study with new data, 2019-2021 China OP, 
estimate the effects of coverage rate on the precision and accuracy of the estimates of length-
frequency, evaluate the performance of the current coverage rate, meet the requirement or not, 
especially for scientific purpose. 

2 Background 
Authorized by the government, Shanghai Ocean University (SHOU) has been responsible for the 
observer program since 2007. Initially, the program concentrates on placing observers on pelagic 
trawlers in the SPRFMO Convention area for biological data collection of jack mackerel. In the 
same year, China Distant Water Fishery Association (CDWFA) cooperated with SHOU to send 
scientific observers onboard to collect fishery and environmental data to support the scientific 
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research for jumbo flying squid in the Southeast Pacific. 
In 2015 the National Data Centre for Distant-water Fisheries (DCDF), located at SHOU, was 
founded and took full responsibility for fishery data collection and China Distant-water Fishing 
Observer Programme. The observer program is financed by the government and organized by 
Shanghai Ocean University’s College of Marine Sciences structurally, which are responsible for 
observer missions onboard the Chinese fishing vessels and scientific data collection. The Chinese 
squid jigging vessels in the SPRFMO Convention area, as well as the studying vessel, were 
incorporated into the program in 2018.  
The observer program was designed to collect representative biological data and to meet the 
requirements of related CMMs of SPRFMO, such as coverage rate. For this purpose, the studying 
vessels from the squid jigging fishery were designated to collect length data, other than placing 
observers on board. To reduce the interference to the operations of the vessel and improve the 
accuracy of data, the mission of studying vessels is to collect and store the samples and ensure that 
these samples can be delivered to SHOU in good condition. 
 
3 Methods 
3.1 Summary of the scientific survey programs from 2018 to 2020 
A total of 2214 fishing days were observed by observers and studying vessels from 2018 to 
2021(Fig.1). The spatial distribution of sampling effort (1°×1°) was shown in Fig.2. These sampling 
efforts were widely distributed throughout the fishery ground. The relative spatial distribution of 
sampling effort was generally consistent with those of the fishing effort, i.e., sampling efforts were 
generally also higher in areas with high fishing effort. 
A total of 87266 individuals were measured, including ML, sex, and maturity. The observed ML 
frequency distribution was shown in Fig.3. The ML consisted of small, medium, and large size 
groups. The ML frequency distribution was more like a mixture of 3 normal distributions with 
different means and SDs. Most of the catch came from the small size group, which is mainly 
distributed in the north area (Equatorial Waters). The medium and large size group was mainly from 
the south area (south of 8°S), close to the EEZ of Peru (Fig.4). 
 

 
Fig.2 The sampling effort and sample size from 2018 to 2021 
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Fig.2 The spatial distribution of sampling days and fishing days from 2018 to 2021 

 

Fig.3 The mantle length frequency distributions of jumbo flying squid sampled by different 
sampling methods in different years. 
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Fig.4 Spatial distribution (1°×1°) of the observed mean mantle length (cm) from 2018 to 2021 

 
3.2 Simulation of sampling programs 
3.2.1 Defining and generating the sample population 
In the simulations, we assumed that: 

a) A total of 500 vessels would be fishing in the Southeastern Pacific targeting jumbo flying 
squid. 

b) The ML of 80 fish per vessel per fishing day made up the “sample population”. 
c) The coefficient of variation (CV) of mean and standard deviation (SD) of the ML among 

vessels was assumed to be 5%, 10%, 30%, or 50%. 
d) The observer coverage was defined as the proportion of observed vessels to the total. 
e) The observer will work on the vessel for an entire fishing year and take 80 samples every 

fishing day; 
f) In scenario 1 (S1), the ML composition for each vessel followed a normal distribution (only 

small size individuals were captured).  
g) In scenario 2 (S2), the overall ML composition was a mixture of small, medium, and large 

size individuals, and the length composition of each size group followed a normal 
distribution. As shown in Fig.5, for each vessel, the ML composition might be a normal 
distribution, a mixture of two normal distributions, or a mixture of three normal distributions 
depending on their fishing locations.  
 

The parameters used for garnering the sample populations are shown in Tables 1 and 2. The given 
means and SDs in Table 1 were obtained based on the observed ML compositions. 
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Table 1 The parameters used to generate the sampling populations 
Variables  Parameters 

No. of fishing vessels  500 
 S1 S2 

Fishing days ~U(200,300) 

Sample size per fishing day 80 

Small size 
m1 ~N(26,26*CV) 

sd1 ~N(5,5*CV) 

Medium size 
m2 - ~N(60,60*CV) 

sd2 - ~N(8,8*CV) 

Large size 
m3 - ~N(85,85*CV) 

sd3 - -~N(8,8*CV) 

P1 - T1~T10 

P2 - T1~T10 

CVs of means and SDs of mantle length compositions 

among vessels 
5%,10%, 30%, 50% 

 
Table 2 The parameters used in S2 to generate the mixed normal distributions  

Case P1* P2* Possible fishing areas 
T1 0.9999998 0.99999999 Only fishing in the north area 
T2 0.8 0.99999999 … 
T3 0.7 0.9 … 
T4 0.6 0.8 … 
T5 0.5 0.7 Fishing in both area 
T6 0.4 0.6 … 
T7 0.3 0.5 … 
T8 0.2 0.4 … 
T9 0.1 0.3 … 

T10 0.0000001 0.0000002 Only fishing in the south area 
Note: P1 is the proportion of the small size individuals; P2 is the proportion of the small & 
medium size individuals; P2 –P1 is the proportion of the medium size individuals; 1-P2 is the 
proportion of the large size individuals. 
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Fig.5 10 types of possible mantle length composition for each vessel 

 

 
Fig.6 Flowchart for generating sampling populations 

 
The procedure for generating the sampling populations is shown in Fig.6 In S1, only a mean and an 
SD was required to define the sample populations as the ML composition was assumed to follow a 
normal distribution. Thus, first, we defined the possible CV of mean and SD of ML among 500 
vessels. Then, we generated the mean and SD for each vessel under the defined CV. We generated 
the fishing days for each vessel. Finally, for each vessel, a total of “fishing days ×80” individuals’ 
ML data were randomly generated from the assumed ML frequency distribution. The ML data of 
500 vessels formed the sample population. 
In S2, three means and three SDs were required to define the sample populations as the ML 
composition was assumed to follow a mixture of three normal distributions. Thus, first, we defined 
the possible CV of means and SDs of ML for different size groups among 500 vessels. Second, we 
generated the means and SDs for each vessel under the defined CV. Third, we defined the proportion 
of each size group based on the parameters shown in Table 2. Then, we generated the fishing days 
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for each vessel. Finally, for each vessel, a total of “fishing days ×80” individuals’ ML data were 
randomly generated from the assumed ML frequency distribution. The ML data of 500 vessels 
formed the sample population. 
For each possible CV, 100 sample populations were generated for avoiding random errors. All these 
data were generated randomly, and the assumed distributions and parameters are shown in Tables 1 
and 2.  
 
3.2.2 Resampling procedure 
To find the relationship between coverage rate and accuracy and precision of length-frequency 
estimates, we developed a simulation framework (Fig.7). First, we estimated the mean, SD, and 
length-frequency with the sample population generated through the procedure in section 3.2.1 as 
the true values. Second, we resample original data 100 times randomly or continuously at a specific 
coverage level without replacement. Then, we calculated the estimates of length-frequency with the 
resample data and compared the estimates with the true values. At last, we summarized the result to 
find the difference. A total of 8 levels of coverage rate (0.2%, 0.4%, 0.6%, 0.8%, 1%, 5%, 10%, 
20%) were tested in our simulation.  

 

Fig.7 Flowchart for resampling simulations 

 
Two indices were used to measure the performance of each sampling scheme. Relative estimation 
error (REE) was used to quantify the accuracy and precision of the estimated values of mean and 
SD (Chen 1996) Mean squared-root difference (MSD) was used to quantify the accuracy and 
precision of estimated length frequency (Vokoun et al. 2001). 

 

where 𝑌𝑌𝑖𝑖𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 is the estimated mean in the ith simulated survey, 𝑌𝑌𝑒𝑒𝑡𝑡𝑡𝑡𝑒𝑒 is the true mean, and N 

𝑅𝑅𝑅𝑅𝑅𝑅 =

�� �𝑌𝑌𝑖𝑖𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 − 𝑌𝑌𝑒𝑒𝑡𝑡𝑡𝑡𝑒𝑒�2
𝑁𝑁

𝑖𝑖=1
𝑁𝑁�

𝑌𝑌𝑒𝑒𝑡𝑡𝑡𝑡𝑒𝑒
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is the number of simulation times.  

 
where j is the selected CR, N is the number of length intervals, 𝑓𝑓𝑖𝑖 is the original length frequency 

(%), and 𝑓𝑓𝑖𝑖 is the sample length frequency (%) of the ith length interval.  

We divided the ML groups into different frequency groups according to the original frequency size 
to explore the impact of different original frequency sizes on MSD (Fig.A1). Because the estimation 
error for the proportion of individuals with lower capture probability may be larger for the same 
coverage (Amande et al. 2012). 
 
4. Results and discussion 
Generally, the values of MSD and REE for all schemes decreased when the coverage rate increased 
from 0.2% to 20%. At an identical observer coverage, high CV means high MSD and REE (Fig.8 
and 9). 
Further analysis showed that the MSD increased with the decrease of the original frequency at the 
same coverage and CV (Fig.10). The result reveals that the estimates of the frequency for the ML 
groups with high original frequency were more accurate. 
The MSD values at the observer coverage of 1% and 5% were shown in Fig.11. The average MSDs 
were greater than 50% in S1. The average MSDs ranged from 38% to 53% at the observer coverage 
of 1% and ranged from 17% to 23% at 5% in S2 (Fig.11) 
The MSDs for each frequency group at the observer coverage of 1% and 5% were shown in Fig.12. 
The results show that MSDs of the frequency estimates for the mantle length groups with small 
original frequencies (<0.1%) was much greater than that of the groups with high original frequencies. 
But generally, these low-frequency mantle length groups only contributed to a very small proportion 
of the total catch (Fig.A1). When CR=1%, MSDs were smaller than 50% for the ML groups of 
original frequency >0.1%. When CR=5%, MSDs were smaller than 25% for the ML groups of 
original frequency >0.1%. 
We also summarized the REE values at the observer coverage of 1% and 5% (Fig.13). The REEs 
were all ≤16% under the coverage of 1% and <10% under the coverage of 5%. The results suggest 
that we could get accurate estimates of the means and SDs of the ML compositions with a coverage 
rate of 1%. 

 
 
 
 
 
 
 
 
 

𝑀𝑀𝑀𝑀𝑀𝑀 =
�∑ �𝑓𝑓𝑖𝑖 − 𝑓𝑓𝑖𝑖
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S1 S2 

 

 

Fig.8 The relationship between the observer coverage rate and the MSD of the ML frequency 
distribution estimates under different CVs 

 

S1 

 

S2 

 
Fig.9 The relationship between the observer coverage rate and the REE of the means & SD 

estimates of ML under different CVs 
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S1 

 

S2 

 
Fig.10 The relationship between the observer coverage rate and the MSD of the ML frequency 

distribution estimates under different CVs for each frequency group 
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S1 S2 

  

Fig.11 MSDs of the ML frequency estimates at the coverage of 1% and 5% and under different 
CVs.  

 
S1 S2 

  
Fig.12 MSDs of the estimated ML frequency for different original frequency groups at the 

coverage of 1% and 5% and under different CVs. 
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S1 S2 

  
Fig.13 REEs of the estimated means and SDs of ML compositions at the coverage of 1% and 5% 

and under different CVs.  
 

The required observer coverage depends on the objectives of the observer program (Babcock et al. 
2003; Amande et al. 2012). In the jumbo flying squid fishery in the southeastern Pacific Ocean, the 
main object of the observer program could be to estimate the size composition, sex proportion, 
maturity, or other characteristics of squid catch.  
Based on the simulation above, we considered:  
 A coverage rate of 1% or less could keep the REE of the mean or SD estimates within 20% 

or keep the MSD of the frequency estimates within 50%. 
 At the required MSD of 25%, 5% would be the optimal observer coverage.  
 Coverage rate of 1% (5 full time observers) or 5% can meet data requirement on scientific 

purpose. 
For additional descriptions of the results in the main text, see the Appendix. 
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Appendix： Additional notes to the results in the main text. 
 
The example of the frequency range and the cumulative frequency in each range are shown in 
Fig.A1. The cumulative frequency of the ML groups with a frequency less than 0.1% was only 0.30% 
for S1 and 0.52% for S2.  
Fig.A2 shows an example of possible ML frequency distribution at the coverage of 1% and 5% and 
under different CVs. As the results shown in the main text, the smaller the CV or the higher the 
coverage, and the closer the estimated ML frequency distribution is to the original value. 
The simulated ML frequency distribution of some of the 500 vessels at the CV of 10% and 50% are 
shown in Fig. A3 and Fig. A4. In the simulation, when CV was 50%, the ML composition of some 
vessels would be confined to a very small range, as shown in the plots S1-V66 and S2-V9 in Fig. 
A4, or the frequency of each ML group would be evenly distributed, as shown in the plots S1-V69 
and S2-V7. These ML composition patterns are almost impossible to happen in practice. Hence, we 
could consider that the CV of ML composition among vessels is much less than 50%.  
 

S1 S2 

  

Fig. A1 The example of the frequency range and the cumulative frequency in each range  
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S1 

 

S2 

 

Fig. A2 An example of possible mantle length distribution at the coverage of 1% and 5% and 
under different CVs. The bar in black represents the original mantle length frequency distribution. 

The error bar in red represents the possible estimated value for each ML group under different 
coverages and CVs. 
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S1 

 

S2 

 
Fig. A3 An example of simulated mantle length frequency distribution for some of the 500 vessels 

at CV of 10%  
 

SC10-SQ02

15



S1 

 

S2 

 
Fig. A4 An example of simulated mantle length frequency distribution for some of the 500 vessels 

at CV of 50% 
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