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Recurrence plot analysis of time series derived from
observations of Dreissena polymorpha
Biological Early Warning Systems provide a rapid warning of the occurrence of
contaminants in water at concentrations which could be immediate threat to living
organisms. In our work we use long-term observations of freshwater mussels for
monitoring water contamination. This paper presents a recurrence plot (RP) based
approach to analyse data derived from the observations of Dreissena polymorpha.
Studying the non-linear characteristics of data sequences can assist in understanding
the relationships between measured mussel activities and actual state in surrounding environment. Data sequences are extended to m-dimensional phase space and
then we use recurrence plots to visualize recurrences of trajectories of dynamical
systems. Finally, the recurrence quantification analysis (RQA) is used to quantify
the structures found in RPs and to classify them. In order to check the effectiveness
of this approach, we need to examine the adequacy of the methods used at various
stages of analysis. Therefore, we will discuss usage of various parameters for RP
and RQA and classification methods (SVM, KNN, FDA,SRDA, PDA, DLDA). Preliminary experiments and previous results of work show that such formulation of
the problem allows to extract relevant information from signal and lead to effective
solutions to considered problem. It is found, for example, that RQA may support
identification of the effects of pollution in the water.
References
[Bis06]
[Bor06]

Ch. M. Bishop. Pattern Recognition and Machine Learning. Springer, 2006.
Jost Borcherding. Ten years of practical experience with the dreissena-monitor, a biological early warning system for continuous water quality monitoring. Hydrobiologia,
556:417–426, 2006.
[EKR87] J.-P. Eckmann, S.O. Kamphorst, and D. Ruelle. Recurrence plots of dynamical system.
Europhys. Lett., 4:973–977, 1987.
[Gud03]
Alexander V. Gudimov. Elementary behavioral acts of valve movements in mussels
(mytilus edulis l.). Doklady Biological Sciences, 391:346–348, 2003. Translated from
Doklady Akademii Nauk, Vol. 391, No. 3, 2003, pp. 422-425.
[KKCC06] Cheol-Ki Kim, Inn-Sil Kwak, Eui-Young Cha, and Tae-Soo Chon. Implementation of
wavelets and artificial neural networks to detection of toxic response behavior of chironomids (chironomidae: Diptera) for water quality monitoring. Ecol. Model., 195:61–
71, 2006.
[LRM08] Petrone L., Norman L. C Ragg, and A. James McQuillan. In situ infrared spectroscopic investigation of perna canaliculus mussel larvae primary settlement. Biofouling.,
24(6):405–413, 2008.
[RSH+ 06] David L. Rodland, Bernd R. Schöne, Samuli O. Helama, Jan Kresten Nielsen, and
Sven M. Baier. A clockwork mollusc: Ultradian rhythms in bivalve activity revealed
by digital photography. J. Exp. Mar. Biol. Ecol., 334:316–323, 2006.

1

European Conference on Mathematical and Theoretical Biology 2011
[Wiś91]

[WZ94]
[ZW92]

2

Ryszard Wiśniewski. New methods for recording activity pattern of bivalves: A preliminary report on dreissena polymorpha pallas during ecological stress. In Tenth Intern.
Malacol. Congress, pages 363–365, 1991.
C.L. Webber and J.P. Zbilut. Dynamical assessment of physiological systems and states
using recurrence plot strategies. J. Appl. Physiology, 76(2):965–973, 1994.
J. P. Zbilut and C. L. Webber. Embeddings and delays as derived from quantification
of recurrence plots. Phys. Lett. A, 171(3-4):199–203, 1992.

