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2007
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(Grosjean et al, 2004) ,

, (Gorsky et al, 2010),

Zooscan
(2005) (2006)
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1
1.1
~ 7 , 2009
b 1 I
5% )
1.2
Hydroptic
(Zooscan) Zooscan

http://www.zooscan.com
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Fig.1 Sampling stations in the Jiaozhou Bay
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ZooScan ZooScan  ZooProcess
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90% ,

1) , 2)
, 7 3) ZooProcess
F 2 BRI IE s w15 I BUE B AR IR E
' ' Tab.2 Performance of the training set of the zooplankton im-
v 4) PKID ages from the Jiaozhou Bay
; 5) ) Groups Recall 1-Precision
, ; Copepoda 0.9200 0.1321
6) , Chaetognatha 0.9800 0.0000
Appendicularia 0.6800 0.1500
29 Medusa 0.8400 0.0233
Noctiluca 0.9800 0.1250
13 | ’ Euphausia 0.9100 0.0900
Coscinodiscus 0.9293 0.0515
10, 3 1 Larva of Echinodermata 0.7800 0.1613
1B R R ) E R Larva of Euphausta 0.7200 0.0769
) Larva of Starfish 0.5400 0.0357
Tab.1 Training set of zooplankton images (including biological Detritus 0.7300 0.4859
groups and non-biological groups) from the Jiaozhou Bay Fiber 0.9000 0.2105
Group Group Shadow 0.8800 0.0638
Copepoda Larva of Echinodermata
Chaetognatha Larva of Euphausia 2.3 ZooScan
Appendicularia Larva of Starfish
Medusa Detritus 2009 124
Noctiluca Fiber , 5
Euphausia Shadow
Coscinodiscus
Gorsky  (2010) , 5
, 300 2
300—1500 ,
50—100 ,
Random Forest
Random Forest 3
: 2 >
3 2 ,Recall
, 1-Precision , , Gorsky  (2010)
Recall ,
1-Precision , Villefranche
2 , , :
80% , 20%
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Tab.3 Performance test matrix of the Jiaozhou Bay image training set

Groups 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Shadow 88 1 0 5 0 6 0 0 0 0 0 0 0 100
Noctiluca 0 98 0 0 0 0 2 0 0 0 0 0 0 100
Medusa 0 4 84 4 0 6 1 1 0 0 0 0 0 100
Fiber 1 0 1 90 1 5 0 0 0 1 1 0 0 100
Euphausia 0 0 0 0 91 2 0 5 0 1 0 1 0 100
Detritus 3 1 0 8 3 73 2 2 0 3 3 2 0 100
Coscinodiscus 1 0 0 0 0 6 92 0 0 0 0 0 0 99
Copepoda 0 0 0 0 0 7 0 92 0 0 1 0 0 100
Chaetognatha 0 0 0 0 1 1 0 0 98 0 0 0 0 100
Appendicularia 0 0 0 3 0 9 0 0 0 34 4 0 0 50
Echino Larva 1 8 1 2 0 10 0 0 0 78 0 0 100
Euphau Larva 0 0 0 0 4 6 0 3 0 36 1 50
Star Larva 0 0 0 2 0 11 0 3 0 1 6 0 27 50
Sum 94 112 86 114 100 142 97 106 98 40 93 39 28 1149

: 1. Shadow; 2. Noctiluca; 3. Medusa; 4.Fiber; 5. Euphausia; 6. Detritus; 7. Coscinodiscus; 8. Copepoda; 9. Chaetognatha; 10. Appen-

dicularia; 11. Echino Larva; 12. Euphau Larva; 13. Star Larva; 14. Sum

(Sun et al, 2010;
, Sun
6 1

, 2008Y) ,
(2010)

(Le
Quéré et al, 2005) (Hopkins et al,
1989, 1993; Aradjo et al, 2006)

(Zetina-Rejon et al, 2003)

2.4 ZooScan

, ZooScan

(Video Plankton

1) , 2008.

Recorder, VPR)
Acquisition System)

(Digital Video
(In Situ

Ichthyplankton Imaging System)

(Laser Optical Plankton Counter)
(Shadowed Image Particle Profiler and

Evaluation Recorder)

Video Profiler)

Plankton Recorder II)

(Large Area Plankton Imaging System)
(Zooplankton Visualization System) (Gorsky

et al, 2000; Ashjian et al, 2001; Benfield et al, 2003;
Davis et al, 2004; Remsen et al, 2004)

(Underwater
(Video

VPR

60%—70%,
79%—82%,
(Davis et al, 2004)
: AZTI 2005
Plankton Visual Analyser
(PVA) (http://www.azti.es)

,1—125
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APPLICATION OF AUTOMATED IMAGE IDENTIFICATION IN ZOOPLANKTON
ECOLOGY STUDIES IN THE JIAOZHOU BAY

SUN Xiao-Xia', SUN Song“? WANG Shi-Wei*, LIU Meng-Tan*, ZHAO Yong-Fang*

(1. Jiaozhou Bay Marine Ecosystem Research Station, Institute of Oceanology, Chinese Academy of Sciences, Qingdao, 266071; 2. Key
Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of Sciences, Qingdao, 266071)

Abstract Zooplankton plays an important role in the marine ecosystem. How to rapidly identify zooplankton species is
a key problem in zooplankton ecology studies. Automated zooplankton image identification technique is a rapid and stan-
dard method developed in recent years. However, this technique has not been used efficiently in zooplankton research in
China. By combing the approaches including Zooscan, Zooprocess, and Plankton Identifier, we used the automated image
identification method in the Jiaozhou Bay for the first time. A learning set of Jiaozhou Bay zooplankton images were set up
according to the dominant zooplankton composition. Results of the performance test indicated that the recall was higher
than 80%, and contamination was lower than 20% for most zooplankton groups. For the groups of Copepod, Chaetognath,
Noctiluca, and Euphausia, the recall was higher than 90%. When comparing the results obtained from both automated and
manual identification, we found that there was significant correlation between the two methods among the five dominant
groups, especially for the group of Copepod and Chaetognath, and the values of r? reached 0.96 and 0.75, respectively. The
automated analysis was further used for the study of biovolume and size spectra of zooplankton, which improved that the
automated image identification was very useful for zooplankton ecological study and long term change research in the
Jiaozhou Bay and other coastal ecosystems.

Key words Zooplankton, Image, Automated identification, Jiaozhou Bay



