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Fig. 1 Study area of bottom trawl survey of fishery
resources in the offshore waters of Shandong

A, B and C represent areas, and the subscript represents depth, 1 repres-
ents depth less than 30 m, 2 represents depth between 30 and 50 m, 3

represents depth greater than 50 m
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Comparison of sampling designs of fishery-independent survey in
estimating abundance indices of multiple target species

ZHANG Guosheng ',  WANG Jing’>, ZHANG Chongliang **, XUE Ying "**,
REN Yiping **, XU Binduo **

(1. College of Fisheries, Ocean University of China, Qingdao 266003, China;
2. College of Fisheries, Zhejiang Ocean University, Zhoushan 316000, China;
3. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for
Marine Science and Technology (Qingdao), Qingdao 266237, China,
4. Field Observation and Research Station of Haizhou Bay Fishery Ecosystem, Ministry of Education, Qingdao 266003, China)

Abstract: Stock assessment and fisheries management need supporting data that can be collected through fishery-
dependent or fishery-independent surveys. The main objective of cost-effective fishery-independent survey design
is to collect high-quality data with limited survey cost, and optimization of survey design is often conducted to
improve the sampling efficiency. In order to compare the performances of different sampling designs in a fishery-
independent survey in estimating abundance indices of multiple target species, four fish species with different spa-
tial distributions, including Larimichthy polyactis, Chaemrichthys stigmatias, Enedrias fangi and Conger myri-
aster were selected as target fish species. Relative abundance data collected from the bottom trawl sur-
veys conducted in the offshore waters of Shandong Province in 2016-2017 were used to simulate the
spatial distributions of relative abundance of target species using Kriging interpolation method. It is
assumed that the interpolated relative abundance data were the ‘true’ distribution of four target fish spe-
cies. The simple random sampling (SRS), the regular systematic sampling (SYS _r), the hexagonal sys-
tematic sampling (SYS_h), the stratified random sampling with strata defined by depth (StRS_depth),
region (StRS region), and depth and region (StRS_total) were chosen as the potential sampling designs
for estimating abundance index of each fish species at different sample sizes from 20 to 200. The relat-
ive estimation error (REE) and relative bias (RB) were used to measure performances of different
sampling designs. The accuracy change rate (ACR) less than or equal to 10% was set as the standard for
determining the optimal sample size. Computer simulation study was used to compare the accuracy and
the precision of different sampling schemes in estimating the abundance indexes. The results showed
that the estimation accuracy of three sampling methods was different: simple random sampling < strati-
fied random sampling < system sampling. Except for the systematic sampling, estimates of abundance
indices of target fish species in other sampling methods were unbiased. The REE values of target spe-
cies abundance index estimation in systematic sampling fluctuated irregularly with sample size increas-
ing. The ACR was not suitable to determine the optimal sample size for systematic sampling design.
The REE for the stratified random sampling was slightly higher than that of systematic sampling, but it
showed higher stability. The stratified random sampling was the best sampling method. The stratified
random sampling StRS total could reduce the REE value compared with other two stratified sampling
schemes. It was the best stratification scheme. The optimal number of stations for design StRS_total in
four seasons could be set at 80. This study also offered references to determine the optimal sampling
design for multispecies fishery-independent surveys in other waters.

Key words: multispecies fishery-independent survey; sampling design; abundance index; Kriging interpolation

method; computer simulation; offshore waters of Shandong Province
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