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2015 Joint Meeting of
The 5th China-Japan-Korea Colloquium on Mathematical Biology

and
The Japanese Society for Mathematical Biology

August 26 - 29, 2015
Doshisha University, Kyoto, Japan

Message from 
The President of the Japanese Society for Mathematical Biology

The 5th China-Japan-Korea Colloquium on Mathematical Biology is jointly held with the 25th Annual Meeting of the 

Japanese Society for Mathematical Biology in Kyoto in August, 2015. We are delighted to host the second Colloquium 

held in Japan, following the Okayama meeting in 2008. Kyoto is the city where mathematical biology in Japan was 

founded by the late professors, Ei Teramoto and Masaya Yamaguti. It is our great pleasure to have a forum in Kyoto 

with colleagues in China and Korea. We are also grateful to guests from India for participating in the meeting.

 We wish the colloquium will be successful in stimulating communications and cooperations among 

mathematical biologists in Asia, extending the perspectives of mathematical biology, and influencing 

young scientists in China, Korea and Japan. Kyoto is a historic city famous for ancient temples and shrines. 

We strongly hope every participant enjoys not only the meeting itself but also various aspects of Kyoto.

Toshiyuki Namba

President of the JSMB

Organizing Committee
The 5th China-Japan-Korea Colloquium on  Mathematical Biology 

Chair: Toshiyuki Namba (Osaka Prefecture University), Vice Chair: Yasuhiro Takeuchi (Aoyama Gakuin University)

Committee: Yoichi Enatsu (Tokyo University of Science), Hisashi Inaba (The University of Tokyo), Shigehide Iwata 

(Tokyo University of Marine Science and Technology), Shinji Nakaoka (The University of Tokyo), Toru 

Sasaki (Okayama University)

The Japanese Society for Mathematical Biology

Chair: Norio Yamamura (Doshisha University), Secretary General: Atsushi Yamauchi (Kyoto University)

Committee: Koichi Ito (Kyoto University), Tsuyoshi Hirashima (Kyoto University), Kohkichi Kawasaki (Doshisha 

University), Michio Kondoh (Ryukoku University), Yoshihisa Morita (Ryukoku University), Hiroto Shoji 

(Kyoto Prefectural University of Medicine), Takahiro Yamagishi (Kyoto University)

HP of the Meeting: 

 http://jsmbcjk2015.webcrow.jp/jp/index.html  (The Japanese Society for Mathematical Biology)

 http://jsmbcjk2015.webcrow.jp/en/index.html  (The China-Japan-Korea Colloquium on Mathematical Biology)

E-mail: 

 2015jsmb-cjk@ecology.kyoto-u.ac.jp  (The Japanese Society for Mathematical Biology)

 cjkxsmb@yahoo.co.jp  (The China-Japan-Korea Colloquium on Mathematical Biology)
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Presentation
Symposium
• It should be remarked that two types of symposia coexist in this conference, those for the Japanese Society for Mathematical

Biology (JSMB) and for the China-Japan-Korea Colloquium on Mathematical Biology (CJK). 

• All talks in symposia will be delivered in English. 

• Organizers should manage their symposium at their own responsibility.

• PC for presentations is not prepared. Please bring your own PC.

• Display connecters of projectors are VGA. If the output of your PC is not VGA, please bring an appropriate display adapter. 

Oral Presentation
• In order to encourage attendance of non-Japanese researchers, presentation files must be prepared in English. We also strongly 

recommend speakers to talk in English.

• Each talk must be delivered within 20 min, including questions and comments.

• PC for presentations is not prepared. Please bring your own PC.

• Display connecters of projectors are VGA. If the output of your PC is not VGA, please bring an appropriate display adapter. 

• Please test your projection before your session starts. 

Poster Presentation
• Posters must be prepared in English. We also strongly recommend presenters to explain in English.

• Size of poster board is 83 cm width x 164 cm height. 

• Posters are numbered. Core times of odd and even numbered posters are 13:00-15:00 on Aug 27 and 28, respectively.

• Please remove your poster before 18:00 on Aug 28 

Poster Award
• At registration, all attendees receive a piece of paper for a vote. Please vote for your favorite presentation in a box on the

registration desk. 

Internet
Wifi connection will be available near the reception desk and rest area. Please ask a staff member at the registration desk about 

the details.

Lunch
There is a cafeteria in the basement under the conference rooms in the venue. Another cafeteria also locates in Kanbai-Kan 

building across the Karasuma street. 

Banquet
Banquet will be held on 19:00 Aug 27, at Hotel, Kyoto Garden Palace. It takes less than 10 min by walk from the conference

venue. Please see a map on p.2. 
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Schedule of the meeting

JSMB-1: Power of mathematical modeling of viral infections

JSMB-2: Experimental and theoretical approaches to micro-biospheres:

  the development of artificial ecosystems toward the understanding of real ecosystem

JSMB-3: Advances in spatial ecology modeling

CJK-C1: Mathematical modeling and analysis on virus dynamics

CJK-C2: The dynamics research of epidemiology in complex networks   

CJK-C3: Structured population models in ecological systems 

CJK-C4: Evaluating the effect of interventions on infectious disease control

CJK-C5: Stability and oscillation problems of ODEs and FDEs models

CJK-J1: Biological and social communications

CJK-J2: Lyapunov functional methods for disease transmission models and related problems

CJK-J3: Cellular and tissue dynamics in developmental biology

CJK-J4: Mathematical modeling for emerging infectious diseases

CJK-J5: Social dilemma

CJK-K1: Mathematical modeling and applications to biological systems

CJK-K2: Mathematical modeling on behavioral monitoring

CJK-K3: Ecological modeling: from genes to communities

CJK-K4: Biological systems and applications

CJK-K5: Mathematical modeling in epidemiology

CJK-K6: Mathematical modeling of biological systems: signaling network, cell motility, disease control, and cancer
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Special sessions

Plenary Session (Aug 26, 9:00-11:30, Room A)

 Jingan Cui (Beijing University of Civil Engineering and Architecture)

  Epidemic models with media education and limit resources for disease treatment

 Atsushi Mochizuki (RIKEN)

  Structural approaches for dynamics of complex network systems

 Tae-Soo Chon (Pusan National University, Korea)

  Movement of fish responding to stressful conditions

Okubo Prize presentation  (Aug 27, 15:00-16:00, Room A)

 Joshua Plotkin (University of Pennsylvania, USA)

      On the role of epistasis in molecular evolution

JSMB Young Researcher Award presentation  (Aug 27, 16:00-16:30, Room A)

 Sachi Yamaguchi (Kanagawa University, Japan)

  海洋生物における雌雄性の進化ゲーム：動的最適化によるアプローチ
    (Evolutionary game model for diverse sexual systems in marine organisms: 

     A dynamic optimization approach) (in Japanese)

Plenary Session and Invited Sessions 
 

Plenary Session (Aug 26, 9:00-11:30, Room A) 
 

9:00 - 9:05  Opening address 

9:05 - 9:50  Jingan Cui (Beijing University of Civil Engineering and Architecture, China) 

 Epidemic models with media education and limit resources for disease treatment 

9:55 -10:40  Atsushi Mochizuki (RIKEN, Japan) 

 Structural approaches for dynamics of complex network systems. 

10:45 - 11:30  Tae-Soo Chon (Pusan National University, Korea) 

 Movement of fish responding to stressful conditions 

 

CJK Invited Session 1: Applied Mathematics (Aug 27, 9:00-12:00, Room A) 
 

9:00 - 9:40  Eunok Jung (Konkuk University, Korea) 

 Effect of interventions on Ebola pandemic in west Africa using optimal control  

 theory 

9:45 - 10:25  Kim Yongkuk (Kyungpook National University, Korea) 

Effect of Climate Changes on Occurrence of Fusarium Head Blight and related 

Mycotoxins Contamination in Barley Grains in Korea 

10:30 - 11:10  Rinko Miyazaki (Shizuoka University, Japan) 

 Influence of time delay on stability 

11:15 - 11:55  Rathish Kumar Bayya Venkatesulu (Indian Institute of Technology,  

 Kanpur, India) 

 On modified Cahn-Hilliard image classification with application to Bio-Medical  

 images Xianning Liu 

 

CJK Invited Session 2: Evolution and Fisheries (Aug 28, 9:00-12:00, Room A) 
 

9:00 - 9:40  Sukgeun Jung (Jeju National University, Korea) 

 Generalized size-dependent formulation for natural mortality of fish based on 

their fecundity 
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9:45 - 10:25  Xinan Zhang (Central China Normal University, China) 

 Mathematical modeling of tumor therapeutic strategies and its mechanism 

10:30 - 11:10  Ryusuke Kon (Miyazaki University, Japan) 

 Bifurcating of cycles in nonlinear semelparous Leslie matrix models 

11:15 - 11:55  Hisashi Otsuki (SOKENDAI, Japan) 

 How to apply kin selection theory to evolutionary games 

 

CJK Invited Session 3: Ecology and Epidemics (Aug 29, 9:00-12:00, Room A) 
 

9:00 - 9:40  Shengqiang Liu (Harbin Institute of Technology, China) 

 Epidemic model with heterogeneous group mixing and patch dispersal 

9:45 - 10:25  Mi Jung Bae (Kyung Hee University, Korea)  

 Prediction of the impacts of anthropogenic disturbances to the distributions of fish  

 assemblage 

10:30 - 11:10  Xinyu Song (Xinyang Normal University, China) 

 Modeling impulsive insulin delivery in insulin pump and artificial pancreas 

11:15 - 11:55  Michio Kondoh (Ryukoku University, Japan) 

 Ecological complexity and community stability 

 

  

Mini-Symposia 
 

JSMB-Symposia 
 

JSMB-1 (Aug 26, 12:30 - 15:30, Room C) 

Power of mathematical modeling of viral infections 
Organizer: Yusuke Kakizoe (Mathematical Biology Laboratory, Department of Biology,  

  Kyushu University, 6-10-1 Hakozaki Higashi-ku Fukuoka, 812-8581, Japan) 

  Email: yusuke.purple5@gmail.com 

 Yoshiki Koizumi (School of Medicine, College of Medical, Pharmaceutical and Health Sciences, 

  Kanazawa University, Kakuma-machi, Ishikawa 920-8640, Japan) 

  Email: koizumi.yoshi@gmail.com, Tel: +81-090-4465-3702 

 

Mathematical modeling of viral infections has played a fundamental role in revealing the principles of virus 

pathogenesis and in improving our understanding of virus dynamics under the antiviral therapy. To accelerate 

this interdisciplinary approach, this symposium will provide current research topics covering from virus 

evolution to virus dynamics within a host, and shed light on the powers of mathematical modeling of viral 

infections. We hope the audiences get recent advancements of mathematical modeling of viral infections through 

this symposium. 

 

1.  A mathematical model including intracellular delay for SHIV-KS661 virus infection experiment in vitro 

 Yusuke Kakizoe (Kyushu University, Japan) 

2.  The evolution of contact-dependent infection in the structured SIS model 

 Koichi Saeki (SOKENDAI, Japan) 

3.  The effect of the evolutionary interaction between host innate immune system and viral counterpart for the 

intracellular dynamics of HIV-1 replication 

 Jun Nakabayashi (Yokohama City University, Japan) 

4.  Quantifying the antiviral effect of IFN on HIV-1 replication in cell culture 

 Shingo Iwami (Kyushu University, Japan) 

5.  A theoretical study on the lethal mutagenesis of HIV- 

 Kouji Harada (Toyohashi University of Technology, Japan) 

6.  Mathematical modeling of programmed cell death in HIV infection 

 Yoshiki Koizumi (Kanazawa University, Japan) 

 

(25 min for each presentations including discussion) 
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JSMB-2 (Aug 26, 15:45- 18:45, Room D) 

Experimental and theoretical approaches to micro-biospheres: the development of 

artificial ecosystems toward the understanding of real ecosystem 
Organizer: Shinji Nakaoka (The University of Tokyo) 

 Kenta Suzuki (NIES) 

 

A biosphere is a self-regulating ecosystem where organisms, from bacteria to human beings, interact and sustain 

their life cycle utilizing energy and matter. So far, researchers have tried to develop biosphere 2 (a compact 

version of the biosphere 1, the earth) to test sustainability of an artificial ecosystem including human beings. 

However, many problems have beset this magnificent experiment. To achieve a truly sustainable and diverse 

artificial ecosystem, it is essential to overcome a number of scientific challenges highlighted by the previous 

attempt. Among diverse ecosystems, targeting microbial-ecosystems is the best practice for our attempt as to 

develop experimental systems, obtain a large set of data, and test theory. In this symposium, young theoreticians 

and experimentalists from ecology to life sciences outline their approach to the "micro-biospheres", as a first 

step in overcoming this scientific challenge. 

 

15:45 – 16:15  Robustness of micro-ecosystem in intractable polymicrobial infectious disease 

 Fumito Maruyama (Kyoto University) 

16:15 – 16:40  Shedding light on the function of gut microbiota, another organ in our body 

 Shinji Fukuda (Keio University), 

16:40 – 17:05  Uncovering the most complex biosphere: coexistence of microbes in the soil 

 Hirokazu Toju (Kyoto University), 

17:05 – 17:30  Evolutionary innovation through endosymbiosis 

 Yoshitomo Kikuchi (AIST Hokkaido) 

17:30 – 17:55  Behavior of a bloom-forming algae, Heterosigma akashiwo, in environment; possible 

implication of symbiont during bloom formation 

 Shoko Ueki (Okayama University) 

17:55 – 18:20  Functional robustness and evolvability of self-regulating ecosystems 

 Kenta Suzuki (NIES) 

Commentator: Gaku Takimoto 

JSMB-3 (Aug 28, 15:00 - 18:00, Room B) 

Advances in spatial ecology modeling 
Organizer: Fugo Takasu (Department of Information and Computer Sciences, Nara Women's University, 

  Japan) 

 Young Seuk Park (Department of Biology, College of Science, Kyung Hee University, Korea) 

 

Spatial structure can plays a key role in population and evolutionary dynamics. Empirically, all biological 

populations exhibit, to a greater or lesser extent, spatially heterogeneous distributions over space, which 

highlights the need to explicitly consider spatial distribution. Theoretically, it has been demonstrated that spatial 

structure can qualitatively change the consequence of population dynamics, e.g., competitively inferior species 

can drive competitively superior species go extinct under a certain condition when spatial distribution is 

explicitly considered. This symposium is aimed to provide with a place where various up-to-date topics related 

to spatial ecology will be presented and the prospect of spatial modeling will be discussed together with 

audience. 

 

Introduction of the symposium 

 Fugo Takasu and Young-Seuk Park 

1.  Species distribution models for ecosystem conservation 

 Young-Seuk Park (Department of Biology, College of Science, Kyung Hee University, Korea) 

2.  Modeling dispersal processes in forest pest populations 

 Tae-Soo Chon (Ecology and Future Research Association, Korea) 

3.  Spatial patterns generated by simultaneous cooperation and exploitation favour the evolution of altruism 

 Atsushi Yamauchi (Center for Ecological Research, Kyoto University, Japan) 

4.  Spatial epidemic models as a point pattern dynamics 

 Fugo Takasu (Department of Information and Computer Sciences, Nara Women's University, Japan) 

Discussion on the prospect of spatial modeling 
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CJK-Symposia 
 

CJK-C1 (Aug 26, 12:30 - 15:30, Room A) 
Mathematical modeling and analysis on virus dynamics 
Organizers: Wendi Wang (School of Mathematics and Statistics, Southwest University,  

  Chongqing 400715, China) 

  E-mail: wendi@swu.edu.cn 

 Yasuhiro Takeuchi (Department of Physics and Mathematics, Aoyama Gakuin University,  

  Kanagawa, 252-5258, Japan) 

  E-mail: takeuchi@gem.aoyama.ac.jp 

 Xianning Liu (School of Mathematics and Statistics, Southwest University,  

  Chongqing 400715, China) 

  E-mail: liuxn@swu.edu.cn 

 Shingo Iwami (Department of Biology, Faculty of Sciences, Kyushu University, Japan) 

  E-mail: siwami@kyushu-u.org 

 

Mathematical models play an important role in studying the infection and evolution of viruses within or between 

hosts. And their extensive applications have been made in the study many kind of infections, such as HIV, HBV, 

HCV and influenza infections. In this session, we will discuss recent developments on modeling and analysis on 

virus dynamics. The scope of this session is to exchange new ideas and new methods on this topic. 

 

 

1.  Effect of intracellular delay, immune activation delay and nonlinear incidence on viral dynamics 

 Yasuhiro Takeuchi (Department of Physics and Mathematics, Aoyama Gakuin University,  

 Kanagawa, 252-5258, Japan, E-mail: takeuchi@gem.aoyama.ac.jp) 

2.  A conserved quantity of virus infection in cell culture 

 Shingo Iwami  (Department of Biology, Kyushu University, Japan, E-mail: siwami@kyushu-u.org) 

3.  A competition un-stirred chemostat model with virus in an aquatic system 

 Xianning Liu (School of Mathematics and Statistics, Southwest University,  

 Chongqing 400715, China, E-mail: liuxn@swu.edu.cn) 

 

 

 

 

 

 

 

 

 

CJK-C2 (Aug 26, 15:45- 17:05, Room C) 

The dynamics research of epidemiology in complex networks  

Organizers: Prof. Zhen Jin (Complex Systems Research Center, Shanxi University, Taiyuan, Shan'xi  

   030006, People's Republic of China) 
   E-mail: jinzhen@sxu.edu.cn 

  Dr. Zhen Wang (Interdisciplinary Graduate School of Engineering Sciences, Kyushu  

   University, Fukuoka, Japan) 

   E-mail: zhenwang0@gmail.com  

  Dr. Guiquan Sun (Complex Systems Research Center, Shanxi University, Taiyuan, Shan'xi  

   030006, People's Republic of China) 

  E-mail: gqsun@126.com  

 Dr. Marko Jusup (Faculty of Sciences, Kyushu University, Fukuoka, Japan) 

  E-mail: mjusup@gmail.com  

 

The classical research of epidemic spreading is based on the assumption of “well-mixed” populations, where 

individuals can interact with all others at the same contact rate. However, this simple hypothesis is inconsistent 

with the empirical observation: people usually have the heterogeneous spatial contact patterns that can arise in 

realistic populations. In mimicking such patterns, complex networks become a useful framework that can 

explore spatial spreading of a disease, where a vertex represents an individual and an edge between two vertices 

represents a contact over which disease transmission may occur. Furthermore, by incorporating the analytical 

methods of mathematics and statistical physics into this new realm, many interesting phenomena can be 

generated, such as the disease threshold, phase transitions, percolation etc. Another important fact is that, with 

rapidly growing data availability, the role of empirical networks in disease dynamics is becoming more and more 

significant. Lastly, the coupled behavior-disease dynamics in complex networks is an emerging field with the 

potential to greatly broaden the range of realistic phenomena captured by the modeling studies. In this session, 

we will systematically discuss recent developments of disease modeling in complex networks.  

 

1. Coupled disease-behavior dynamics on complex networks 

 Dr. Zhen Wang (Kyushu University, Japan) 

2. How demography-driven evolving networks impact epidemic transmission between communities 

 Miss. Wei Pan (North University of China, China) 

3. A bio-inspired immunization strategy for network epidemiology 

 Dr. Marko Jusup (Kyushu University, Japan) 
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CJK-Symposia 
 

CJK-C1 (Aug 26, 12:30 - 15:30, Room A) 
Mathematical modeling and analysis on virus dynamics 
Organizers: Wendi Wang (School of Mathematics and Statistics, Southwest University,  

  Chongqing 400715, China) 

  E-mail: wendi@swu.edu.cn 

 Yasuhiro Takeuchi (Department of Physics and Mathematics, Aoyama Gakuin University,  

  Kanagawa, 252-5258, Japan) 

  E-mail: takeuchi@gem.aoyama.ac.jp 

 Xianning Liu (School of Mathematics and Statistics, Southwest University,  

  Chongqing 400715, China) 

  E-mail: liuxn@swu.edu.cn 

 Shingo Iwami (Department of Biology, Faculty of Sciences, Kyushu University, Japan) 

  E-mail: siwami@kyushu-u.org 

 

Mathematical models play an important role in studying the infection and evolution of viruses within or between 

hosts. And their extensive applications have been made in the study many kind of infections, such as HIV, HBV, 

HCV and influenza infections. In this session, we will discuss recent developments on modeling and analysis on 

virus dynamics. The scope of this session is to exchange new ideas and new methods on this topic. 

 

 

1.  Effect of intracellular delay, immune activation delay and nonlinear incidence on viral dynamics 

 Yasuhiro Takeuchi (Department of Physics and Mathematics, Aoyama Gakuin University,  

 Kanagawa, 252-5258, Japan, E-mail: takeuchi@gem.aoyama.ac.jp) 

2.  A conserved quantity of virus infection in cell culture 

 Shingo Iwami  (Department of Biology, Kyushu University, Japan, E-mail: siwami@kyushu-u.org) 

3.  A competition un-stirred chemostat model with virus in an aquatic system 

 Xianning Liu (School of Mathematics and Statistics, Southwest University,  

 Chongqing 400715, China, E-mail: liuxn@swu.edu.cn) 

 

 

 

 

 

 

 

 

 

CJK-C2 (Aug 26, 15:45- 17:05, Room C) 

The dynamics research of epidemiology in complex networks  

Organizers: Prof. Zhen Jin (Complex Systems Research Center, Shanxi University, Taiyuan, Shan'xi  

   030006, People's Republic of China) 
   E-mail: jinzhen@sxu.edu.cn 

  Dr. Zhen Wang (Interdisciplinary Graduate School of Engineering Sciences, Kyushu  

   University, Fukuoka, Japan) 

   E-mail: zhenwang0@gmail.com  

  Dr. Guiquan Sun (Complex Systems Research Center, Shanxi University, Taiyuan, Shan'xi  

   030006, People's Republic of China) 

  E-mail: gqsun@126.com  

 Dr. Marko Jusup (Faculty of Sciences, Kyushu University, Fukuoka, Japan) 

  E-mail: mjusup@gmail.com  

 

The classical research of epidemic spreading is based on the assumption of “well-mixed” populations, where 

individuals can interact with all others at the same contact rate. However, this simple hypothesis is inconsistent 

with the empirical observation: people usually have the heterogeneous spatial contact patterns that can arise in 

realistic populations. In mimicking such patterns, complex networks become a useful framework that can 

explore spatial spreading of a disease, where a vertex represents an individual and an edge between two vertices 

represents a contact over which disease transmission may occur. Furthermore, by incorporating the analytical 

methods of mathematics and statistical physics into this new realm, many interesting phenomena can be 

generated, such as the disease threshold, phase transitions, percolation etc. Another important fact is that, with 

rapidly growing data availability, the role of empirical networks in disease dynamics is becoming more and more 

significant. Lastly, the coupled behavior-disease dynamics in complex networks is an emerging field with the 

potential to greatly broaden the range of realistic phenomena captured by the modeling studies. In this session, 

we will systematically discuss recent developments of disease modeling in complex networks.  

 

1. Coupled disease-behavior dynamics on complex networks 

 Dr. Zhen Wang (Kyushu University, Japan) 

2. How demography-driven evolving networks impact epidemic transmission between communities 

 Miss. Wei Pan (North University of China, China) 

3. A bio-inspired immunization strategy for network epidemiology 

 Dr. Marko Jusup (Kyushu University, Japan) 
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CJK-C3 (Aug 27, 9:00 - 12:00, Room C) 

Structured population models in ecological systems  
Organizers: Shengqiang Liu (Harbin Institute of Technology, China) 

  E-mail: sqliu@hit.edu.cn  

 Ryusuke Kon (University of Miyazaki, Japan) 

  E-mail: konr@cc.miyazaki-u.ac.jp  

 Yijun Lou (The Hong Kong Polytechnic University, China) 

  E-mail: yijun.lou@polyu.edu.hk  

 

This session will focus on ecological models structured by age, size, spatial position and so on. Talks will consist 

of model formulation, analysis and numerical simulations, as well as model validation by comparison with the 

possible data, and assessments of various strategies upon ecological environment. Presentations will 

collaborative and interdisciplinary research.  

 

1.  Mathematical modeling of hunting strategy of predator on infected and uninfected prey 

Shengqiang Liu (Harbin Institute of Technology, China) 

2.  (TBA) 

 Yijun Lou (The Hong Kong Polytechnic University, China) 

3.  Dynamics of nearly-semelparous Leslie matrix models  

Ryusuke Kon (University of Miyazaki, Japan) 

4.  Structured population models and stochastic process 

 Ryo Oizumi (Ministry of Health, Labour and Welfare, National Institute of Population and Social  

 Security Research) 

CJK-C4 (Aug 28, 9:00 - 12:00, Room C) 

Evaluating the effect of interventions on infectious disease control 
Organizers: Sanyi Tang, Hiroshi Nishiura 

 

With the tremendous advancement in mathematical, computational and statistical sciences, new opportunities are 

emerging to address important problems in biological, epidemiological or public health sciences, with new tools 

from both mathematical and statistical sciences. It is essential to identify key parameters and/or intervention 

measures that influenced the disease infection dynamics. In this session we encourage speakers to present the 

current work on examining the effect of interventions on (emergent or chronic) infectious disease control by 

formulating mathematical models or proposing statistical tools.  

 

1.  Mathematical modelling of pertussis for vaccination evaluation  

Yueping Dong (The University of Tokyo, Japan) 

2.  Estimating the prevalence of syphilis using natural and background method 

Yuichiro Miyamatsu (The University of Tokyo, Japan) 

3.  An epidemiological assessment of susceptible population against rubella in Japan 

 Ryo Kinoshita (The University of Tokyo, Japan) 

4.  Global Asymptotic Properties of a Heroin Epidemic Model with Treat-Age 

 Xue-Zhi Li (Anyang Institute of Technology, China) 

5.  Fish abundance and maximal yield from optimal selective harvesting in a prey predator system with reverse 

area 

 Yongzhen Pei (Tianjin Polytecnic University, China) 

6.  Modelling media impacts on the spread of infectious diseases with media coverage and hospital notifications 

Sanyi Tang (Shaanxi Normal University, China) 
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CJK-C3 (Aug 27, 9:00 - 12:00, Room C) 

Structured population models in ecological systems  
Organizers: Shengqiang Liu (Harbin Institute of Technology, China) 

  E-mail: sqliu@hit.edu.cn  

 Ryusuke Kon (University of Miyazaki, Japan) 

  E-mail: konr@cc.miyazaki-u.ac.jp  

 Yijun Lou (The Hong Kong Polytechnic University, China) 

  E-mail: yijun.lou@polyu.edu.hk  

 

This session will focus on ecological models structured by age, size, spatial position and so on. Talks will consist 

of model formulation, analysis and numerical simulations, as well as model validation by comparison with the 

possible data, and assessments of various strategies upon ecological environment. Presentations will 

collaborative and interdisciplinary research.  

 

1.  Mathematical modeling of hunting strategy of predator on infected and uninfected prey 

Shengqiang Liu (Harbin Institute of Technology, China) 

2.  (TBA) 

 Yijun Lou (The Hong Kong Polytechnic University, China) 

3.  Dynamics of nearly-semelparous Leslie matrix models  

Ryusuke Kon (University of Miyazaki, Japan) 

4.  Structured population models and stochastic process 

 Ryo Oizumi (Ministry of Health, Labour and Welfare, National Institute of Population and Social  

 Security Research) 

CJK-C4 (Aug 28, 9:00 - 12:00, Room C) 

Evaluating the effect of interventions on infectious disease control 
Organizers: Sanyi Tang, Hiroshi Nishiura 

 

With the tremendous advancement in mathematical, computational and statistical sciences, new opportunities are 

emerging to address important problems in biological, epidemiological or public health sciences, with new tools 

from both mathematical and statistical sciences. It is essential to identify key parameters and/or intervention 

measures that influenced the disease infection dynamics. In this session we encourage speakers to present the 

current work on examining the effect of interventions on (emergent or chronic) infectious disease control by 

formulating mathematical models or proposing statistical tools.  

 

1.  Mathematical modelling of pertussis for vaccination evaluation  

Yueping Dong (The University of Tokyo, Japan) 

2.  Estimating the prevalence of syphilis using natural and background method 

Yuichiro Miyamatsu (The University of Tokyo, Japan) 

3.  An epidemiological assessment of susceptible population against rubella in Japan 

 Ryo Kinoshita (The University of Tokyo, Japan) 

4.  Global Asymptotic Properties of a Heroin Epidemic Model with Treat-Age 

 Xue-Zhi Li (Anyang Institute of Technology, China) 

5.  Fish abundance and maximal yield from optimal selective harvesting in a prey predator system with reverse 

area 

 Yongzhen Pei (Tianjin Polytecnic University, China) 

6.  Modelling media impacts on the spread of infectious diseases with media coverage and hospital notifications 

Sanyi Tang (Shaanxi Normal University, China) 
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CJK-C5 (Aug 28, 9:00 - 12:00, Room D) 

Stability and oscillation problems of ODEs and FDEs models 
Organizers: Tsuyoshi Kajiwara (Okayama University,  

  E-Mail: kajiwara@ems.okayama-u.ac.jp) 

 Wanbiao Ma (University of Science and Technology Beijing) 

  E-Mail: wanbiao_ma@ustb.edu.cn 

 Toshiyuki Namba (Osaka Prefecture University) 

  E-Mail: tnamba@b.s.osakafu-u.ac.jp 

 Jitsuro Sugie (Shimane University) 

  E-Mail: jsugie@riko.shimane-u.ac.jp 

 

This mini-session shall mainly focus on the following topics. (i) Global asymptotic properties and bifurcation 

problems of Lotka-Volterra models (including their generalizations). (ii) Stability, oscillation and bifurcation 

problems of differential equations/models with or without time delays.  

 

1.  Bifurcation phenomena appearing in a system of intraguild predation and persistence of consumers and 

predators 

 Toshiyuki Namba (Osaka Prefecture University, Japan)   

2.  Construction for Lyapunov functions of pathogen and immune models 

 Tsuyoshi Kajiwara (Okayama University, Japan)  

3.  Theoretical analysis of a class of dynamic model describing growth of algae 

 Wanbiao Ma (University of Science and Technology Beijing, China) 

4.  A necessary and sufficient condition for global asymptotic stability of time-varying Lotka-Volterra 

predator-prey systems 

 Wei Zheng and Jitsuro Sugie (Shimane University, Japan):   

5.  Normal Forms for an Age Structured Model 

 Jixun Chu (University of Science and Technology Beijing, China) 

 

 

 

CJK-J1 (Aug 26, 15:45- 18:45, Room A) 

Biological and social communications 
 (Cosponsored by International Institute for Advanced Studies (IIAS), Kyoto, Japan) 
Organizer: Kei Tokita (Department of Complex Systems Science, Graduate School of Information  

  Science, Nagoya University) 

  E-mail: tokita@is.nagoya-u.ac.jp 

 Akira Sasaki (Department of Evolutionary Studies of Biosystems, School of Advanced Science,  

  SOKENDAI (The Graduate University for Advanced Studies)) 

  E-mail: sasaki_akira@soken.ac.jp 

 

Communication is one of the most elaborate and sophisticated "extended phenotype [1]". There are various types 

of communication, e.g. chemical and electric communications in/between cells, visual, auditory and biochemical 

communications between individuals in ecological communities, and nonverbal, verbal, written and digital 

communications among humans who are separated in time and space and sometimes even never meet. In this 

interdisciplinary symposium speakers and participants of a broad range of backgrounds among biological, social 

and information sciences will discuss the biological and social communications from a unified point of view and 

will explore a guiding principle to solve "communication problems" such as free riders, social dilemmas, the 

tragedy of the commons, etc.  

 

1.  Ulf Dieckmann (Keynote, International Institute for Applied Systems Analysis (IIASA), Austria) 

2.  Toru Ohira (Graduate School of Mathematics, Nagoya University, Japan) 

3.  Susumu Ohnuma (Department of Behavioral Science, Graduate School of Letters, Hokkaido University, 

Japan) 

4.  Masa-aki Sakagami (Graduate School of Human and Environment Studies, Kyoto University, Japan) 

5.  Kazutoshi Sasahara (Department of Complex Systems Science, Graduate School of Information Science, 

Nagoya University, Japan) 

6.  Tetsu Sato (ILEK Project, Research Institute for Humanity and Nature, Japan) 

 

The booklet of late abstract of each speaker will be distributed on-site at the symposium. This symposium is 

cosponsored by the Research Project "General Communication Studies" in International Institute for Advanced 

Studies, Kyoto, Japan [2] and "Creation and Sustainable Governance of New Commons through Formation of 

Integrated Local Environmental Knowledge (ILEK Project)", Research Institute for Humanity and Nature 

(RIHN), Kyoto [3]. 

 

References 

[1] Dawkins, R., 1989. The Extended Phenotype. Oxford: Oxford University Press. 

[2] http://www.iias.or.jp/en/ 

[3] http://en.ilekcrp.org/ 
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CJK-C5 (Aug 28, 9:00 - 12:00, Room D) 

Stability and oscillation problems of ODEs and FDEs models 
Organizers: Tsuyoshi Kajiwara (Okayama University,  

  E-Mail: kajiwara@ems.okayama-u.ac.jp) 

 Wanbiao Ma (University of Science and Technology Beijing) 

  E-Mail: wanbiao_ma@ustb.edu.cn 

 Toshiyuki Namba (Osaka Prefecture University) 

  E-Mail: tnamba@b.s.osakafu-u.ac.jp 

 Jitsuro Sugie (Shimane University) 

  E-Mail: jsugie@riko.shimane-u.ac.jp 

 

This mini-session shall mainly focus on the following topics. (i) Global asymptotic properties and bifurcation 

problems of Lotka-Volterra models (including their generalizations). (ii) Stability, oscillation and bifurcation 

problems of differential equations/models with or without time delays.  

 

1.  Bifurcation phenomena appearing in a system of intraguild predation and persistence of consumers and 

predators 

 Toshiyuki Namba (Osaka Prefecture University, Japan)   

2.  Construction for Lyapunov functions of pathogen and immune models 

 Tsuyoshi Kajiwara (Okayama University, Japan)  

3.  Theoretical analysis of a class of dynamic model describing growth of algae 

 Wanbiao Ma (University of Science and Technology Beijing, China) 

4.  A necessary and sufficient condition for global asymptotic stability of time-varying Lotka-Volterra 

predator-prey systems 

 Wei Zheng and Jitsuro Sugie (Shimane University, Japan):   

5.  Normal Forms for an Age Structured Model 

 Jixun Chu (University of Science and Technology Beijing, China) 

 

 

 

CJK-J1 (Aug 26, 15:45- 18:45, Room A) 

Biological and social communications 
 (Cosponsored by International Institute for Advanced Studies (IIAS), Kyoto, Japan) 
Organizer: Kei Tokita (Department of Complex Systems Science, Graduate School of Information  

  Science, Nagoya University) 

  E-mail: tokita@is.nagoya-u.ac.jp 

 Akira Sasaki (Department of Evolutionary Studies of Biosystems, School of Advanced Science,  

  SOKENDAI (The Graduate University for Advanced Studies)) 

  E-mail: sasaki_akira@soken.ac.jp 

 

Communication is one of the most elaborate and sophisticated "extended phenotype [1]". There are various types 

of communication, e.g. chemical and electric communications in/between cells, visual, auditory and biochemical 

communications between individuals in ecological communities, and nonverbal, verbal, written and digital 

communications among humans who are separated in time and space and sometimes even never meet. In this 

interdisciplinary symposium speakers and participants of a broad range of backgrounds among biological, social 

and information sciences will discuss the biological and social communications from a unified point of view and 

will explore a guiding principle to solve "communication problems" such as free riders, social dilemmas, the 

tragedy of the commons, etc.  

 

1.  Ulf Dieckmann (Keynote, International Institute for Applied Systems Analysis (IIASA), Austria) 

2.  Toru Ohira (Graduate School of Mathematics, Nagoya University, Japan) 

3.  Susumu Ohnuma (Department of Behavioral Science, Graduate School of Letters, Hokkaido University, 

Japan) 

4.  Masa-aki Sakagami (Graduate School of Human and Environment Studies, Kyoto University, Japan) 

5.  Kazutoshi Sasahara (Department of Complex Systems Science, Graduate School of Information Science, 

Nagoya University, Japan) 

6.  Tetsu Sato (ILEK Project, Research Institute for Humanity and Nature, Japan) 

 

The booklet of late abstract of each speaker will be distributed on-site at the symposium. This symposium is 

cosponsored by the Research Project "General Communication Studies" in International Institute for Advanced 

Studies, Kyoto, Japan [2] and "Creation and Sustainable Governance of New Commons through Formation of 

Integrated Local Environmental Knowledge (ILEK Project)", Research Institute for Humanity and Nature 

(RIHN), Kyoto [3]. 

 

References 

[1] Dawkins, R., 1989. The Extended Phenotype. Oxford: Oxford University Press. 

[2] http://www.iias.or.jp/en/ 

[3] http://en.ilekcrp.org/ 
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CJK-J2 (Aug 27, 9:00 - 12:00, Room D) 

Lyapunov functional methods for disease transmission models and related problems 
Organizer: Yoichi Enatsu (Department of Mathematical Information Science, Tokyo University of  

  Science, 1-3 Kagurazaka, Shinjuku-ku, Tokyo 162-8601, Japan) 

  E-mail: yenatsu@rs.tus.ac.jp 

 

Due to various environmental changes such as diversity of transport network and a rapid increase in population, 

transmission of a disease outbreak is now a serious threat to global population. In order to predict the eventual 

disease prevalence in the population, disease transmission models have played a crucial role in view of 

mathematical biology. In the literatures, construction of Lyapunov functionals has been a beneficial approach to 

investigate the asymptotic behavior; global stability of a disease-free equilibrium and an endemic (infection) 

equilibrium of the models. 

 In this minisymposium, we establish threshold dynamics for compartmental models by the 

functional methods based on the LaSalle's invariance principle. Moreover, we present recent applications and 

further developments of the functional methods for the models governed by delay differential equations, 

age-structured models and multi-group models. Throughout our minisymposium, we aim to enhance 

mathematical contributions to the analysis of global-in-time dynamical behavior and share further applications 

with audience in the areas of population dynamics. 

 

1.  Stability analysis for epidemic model with constant latency and infectious periods (20 min) 

 Gang Huang (School of Mathematics and Physics, China University of Geoscience) 

2.  Lyapunov functionals and global properties for viral infection models with delay (15 min) 

 Yoji Otani (Graduate School of Environmental Science, Okayama University) 

3.  Modeling age-structured HIV infection dynamics with both virus-to-cell infection and cell-to-cell 

transmission (20 min) 

 Jinliang Wang (School of Mathematical Science, Heilongjiang University) 

4.  Lyapunov functional approach for an SIR epidemic model with Laplacian (20 min) 

 Toshikazu Kuniya (Graduate School of System Informatics, Kobe University) 

5.  Asymptotic behaviour of solutions for virus dynamics models with diffusion 

 Toru Sasaki (Graduate School of Environmental Science, Okayama University) 

6.  Global stability for age-structured models of infectious diseases in vivo using Lyapunov functionals (20 

min) 

 Tsuyoshi Kajiwara (Graduate School of Environmental Science, Okayama University) 

7.  Global analysis on delay epidemiological dynamic models (20 min) 

 Yasuhiro Takeuchi (Department of Physics and Mathematics, Aoyama Gakuin University) 

8.  Global stability of nonresident computer virus models and related models (20 min) 

 Yoshiaki Muroya (Department of Mathematics, Waseda University) 

CJK-J3 (Aug 28, 9:00 - 12:00, Room B) 

Cellular and tissue dynamics in developmental biology 
Organizer: Sungrim Seirin Lee (Hiroshima University, Japan) 

 

To achieve normal development, relevant dynamics at different spatial scales needs to be regulated appropriately 

depending on situations. In this symposium, we especially focus on cell/tissue level dynamics in different 

developmental systems such as somitogensis, neural network formation, and organ morphogenesis. In addition, 

we also introduce various mathematical-approaches based on dynamical system, machine learning and tissue 

mechanics. 

 

9:00~9:10  Opening of the symposium 

9:10~9:40  Relative coordinate representation and biphasic nature of tissue deformation dynamics during organ 

morphogenesis 

 Yoshihiro Morishita (RIKEN) 

9:40~10:10  Modeling cellular motion in vertebrate somitogenesis based on embryonic imaging data 

 Koichiro Uriu (Kanazawa Univ.) 

10:10~10:40  Mathematical model for development of neural circuit based on chemotaxis of growth cone 

 Naoki Honda (Kyoto Univ.) 

(10:40~10:50  Break) 

10:50~11:25  Homeostatic cell shaping against heterogeneous proliferation in epithelium 

 Alice Tsuboi, Koichi Fujimoto (Osaka Univ. ) 

11:25~11:55  Pattern Formation Controlled by Size and Shape: A way to change a cell’s destiny without 

genetic manipulation 

 S. Seirin Lee (Hiroshima Univ.) 
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CJK-J2 (Aug 27, 9:00 - 12:00, Room D) 
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age-structured models and multi-group models. Throughout our minisymposium, we aim to enhance 

mathematical contributions to the analysis of global-in-time dynamical behavior and share further applications 

with audience in the areas of population dynamics. 

 

1.  Stability analysis for epidemic model with constant latency and infectious periods (20 min) 

 Gang Huang (School of Mathematics and Physics, China University of Geoscience) 

2.  Lyapunov functionals and global properties for viral infection models with delay (15 min) 

 Yoji Otani (Graduate School of Environmental Science, Okayama University) 

3.  Modeling age-structured HIV infection dynamics with both virus-to-cell infection and cell-to-cell 

transmission (20 min) 

 Jinliang Wang (School of Mathematical Science, Heilongjiang University) 

4.  Lyapunov functional approach for an SIR epidemic model with Laplacian (20 min) 

 Toshikazu Kuniya (Graduate School of System Informatics, Kobe University) 

5.  Asymptotic behaviour of solutions for virus dynamics models with diffusion 

 Toru Sasaki (Graduate School of Environmental Science, Okayama University) 

6.  Global stability for age-structured models of infectious diseases in vivo using Lyapunov functionals (20 

min) 

 Tsuyoshi Kajiwara (Graduate School of Environmental Science, Okayama University) 

7.  Global analysis on delay epidemiological dynamic models (20 min) 

 Yasuhiro Takeuchi (Department of Physics and Mathematics, Aoyama Gakuin University) 

8.  Global stability of nonresident computer virus models and related models (20 min) 

 Yoshiaki Muroya (Department of Mathematics, Waseda University) 

CJK-J3 (Aug 28, 9:00 - 12:00, Room B) 

Cellular and tissue dynamics in developmental biology 
Organizer: Sungrim Seirin Lee (Hiroshima University, Japan) 

 

To achieve normal development, relevant dynamics at different spatial scales needs to be regulated appropriately 

depending on situations. In this symposium, we especially focus on cell/tissue level dynamics in different 

developmental systems such as somitogensis, neural network formation, and organ morphogenesis. In addition, 

we also introduce various mathematical-approaches based on dynamical system, machine learning and tissue 

mechanics. 

 

9:00~9:10  Opening of the symposium 

9:10~9:40  Relative coordinate representation and biphasic nature of tissue deformation dynamics during organ 

morphogenesis 

 Yoshihiro Morishita (RIKEN) 

9:40~10:10  Modeling cellular motion in vertebrate somitogenesis based on embryonic imaging data 

 Koichiro Uriu (Kanazawa Univ.) 

10:10~10:40  Mathematical model for development of neural circuit based on chemotaxis of growth cone 

 Naoki Honda (Kyoto Univ.) 

(10:40~10:50  Break) 

10:50~11:25  Homeostatic cell shaping against heterogeneous proliferation in epithelium 

 Alice Tsuboi, Koichi Fujimoto (Osaka Univ. ) 

11:25~11:55  Pattern Formation Controlled by Size and Shape: A way to change a cell’s destiny without 

genetic manipulation 

 S. Seirin Lee (Hiroshima Univ.) 
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CJK-J4 (Aug 28, 15:00 - 18:00, Room A) 

Mathematical modeling for emerging infectious diseases (cosponsored by JST CREST) 
Organizer: Prof. Shingo Iwami (Department of Biology, Kyushu University 6-10-1, 

  Hakozaki Higashi-ku Fukuoka, 812-8581, Japan) 

  Email: siwami@kyushu-u.org 

 Prof. Hiroshi Nishiura (Graduate School of Medicine, The University of Tokyo,  

  7-3-1 Hongo Bunkyo-ku Tokyo, 113-0033, Japan) 

  Email: nishiurah@m.u-tokyo.ac.jp 

 

To inform the audience about recent advances with our quantitative understanding of spread of emerging 

infectious disease caused by Ebola virus, Dengue virus, Influenza virus and so on, we discuss how mathematical 

modeling can impact viral infection therapy and pandemic preparedness. The symposium will be an excellent 

example of how mathematics can provide unique and novel information which helps advance knowledge in the 

field of virology and produce actionable findings in public health. This symposium is supported in part by JST 

CREST (Detecting premonitory signs and real-time forecasting of pandemic using big biological data, Research 

Director: Hiroshi Nishiura).  

 

Opening remark  

 Shingo Iwami (Kyushu University, JST PRESTO & CREST, Japan) 

1.  Estimating the transmissibility and severity of Ebola virus disease 

 Hiroshi Nishiura (The University of Tokyo and JST CREST, Japan) 

2.  Modeling Ebola virus dynamics: Implications for therapy 

 Shingo Iwami (Kyushu University, JST PRESTO & CREST, Japan) 

3.  The coevolution of human antiviral protein APOBEC3G and HIV protein Vif: A theoretical study

 Akira Sasaki (SOKENDAI, Japan) 

4.  Pathogen adaptation to seasonal forcing with varying latent periods 

 Kyeongah Nah (Szeged University, Hungary) 

(Short break) 

5.  Tajima's D reveals difference in evolutionary dynamics of influenza A viruses in their natural and 

non-natural hosts  

 Kiyeon Kim (Hokkaido University, Japan) 

6.  Estimating disease burden of seasonal influenza in Japan  

 Kenji Mizumoto (The University of Tokyo, Japan) 

7.  A stochastic model for description of infectious disease spread over a local area  

 Masaya M. Saito (Graduate school of medicine, The University of Tokyo) 

Closing remark  

 Hiroshi Nishiura (The University of Tokyo and JST CREST, Japan) 

 

CJK-J5 (Aug 29, 9:00 - 12:00, Room B) 

Social dilemma 
Organizer: Joe Yuichiro Wakano (Graduate School of Advanced Mathematical Sciences,  

  Meiji University) 

 Yutaka Kobayashi (Kochi University of Technology) 

 Hisashi Ohtsuki (School of Advanced Sciences, SOKENDAI) 

 

Social dilemma has been studied not only in evolutionary ecology but also in epidemiology, economics, 

sociology, social design engineering and anthropology. In this symposium, researchers from these fields will 

present their recent studies and communicate for the further development. 

 

09:00 - 09:30  Social dilemma with vaccination behavior of people facing epidemics 

 Eriko Fukuda (Interdisciplinary Graduate School of Engineering Sciences, Kyushu University) 

09:30 - 10:00  Agent-based mapping of credit risk for sustainable microfinance 

 Joung-Hun Lee (Institute of Decision Science for Sustainable Society, Kyushu University) 

10:00 - 10:30  Evolution of coordinated cooperation 

 Hisashi Ohtsuki (School of Advanced Sciences, SOKENDAI) 

(10:30 - 10:40  Break) 

10:40 - 11:10  Cooperation among behaviorally heterogeneous players in social dilemma with stay or leave 

decisions 

 Takehito Masuda (Japan Society for the Promotion of Science, ISER, Osaka University) 

11:10 - 11:40  On the concept of cultural social dilemma and a paradox concerning cumulatively evolving 

culture 

 Yutaka Kobayashi (Kochi University of Technology) 

11:40 - 12:00  When does competition among individuals promote cumulative cultural evolution? 

 Joe Yuichiro Wakano (Graduate School of Advanced Mathematical Sciences, Meiji University) 
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CJK-J4 (Aug 28, 15:00 - 18:00, Room A) 

Mathematical modeling for emerging infectious diseases (cosponsored by JST CREST) 
Organizer: Prof. Shingo Iwami (Department of Biology, Kyushu University 6-10-1, 

  Hakozaki Higashi-ku Fukuoka, 812-8581, Japan) 

  Email: siwami@kyushu-u.org 

 Prof. Hiroshi Nishiura (Graduate School of Medicine, The University of Tokyo,  

  7-3-1 Hongo Bunkyo-ku Tokyo, 113-0033, Japan) 

  Email: nishiurah@m.u-tokyo.ac.jp 

 

To inform the audience about recent advances with our quantitative understanding of spread of emerging 

infectious disease caused by Ebola virus, Dengue virus, Influenza virus and so on, we discuss how mathematical 

modeling can impact viral infection therapy and pandemic preparedness. The symposium will be an excellent 

example of how mathematics can provide unique and novel information which helps advance knowledge in the 

field of virology and produce actionable findings in public health. This symposium is supported in part by JST 

CREST (Detecting premonitory signs and real-time forecasting of pandemic using big biological data, Research 

Director: Hiroshi Nishiura).  

 

Opening remark  

 Shingo Iwami (Kyushu University, JST PRESTO & CREST, Japan) 

1.  Estimating the transmissibility and severity of Ebola virus disease 

 Hiroshi Nishiura (The University of Tokyo and JST CREST, Japan) 

2.  Modeling Ebola virus dynamics: Implications for therapy 

 Shingo Iwami (Kyushu University, JST PRESTO & CREST, Japan) 

3.  The coevolution of human antiviral protein APOBEC3G and HIV protein Vif: A theoretical study

 Akira Sasaki (SOKENDAI, Japan) 

4.  Pathogen adaptation to seasonal forcing with varying latent periods 

 Kyeongah Nah (Szeged University, Hungary) 

(Short break) 

5.  Tajima's D reveals difference in evolutionary dynamics of influenza A viruses in their natural and 

non-natural hosts  

 Kiyeon Kim (Hokkaido University, Japan) 

6.  Estimating disease burden of seasonal influenza in Japan  

 Kenji Mizumoto (The University of Tokyo, Japan) 

7.  A stochastic model for description of infectious disease spread over a local area  

 Masaya M. Saito (Graduate school of medicine, The University of Tokyo) 

Closing remark  

 Hiroshi Nishiura (The University of Tokyo and JST CREST, Japan) 

 

CJK-J5 (Aug 29, 9:00 - 12:00, Room B) 

Social dilemma 
Organizer: Joe Yuichiro Wakano (Graduate School of Advanced Mathematical Sciences,  

  Meiji University) 

 Yutaka Kobayashi (Kochi University of Technology) 

 Hisashi Ohtsuki (School of Advanced Sciences, SOKENDAI) 

 

Social dilemma has been studied not only in evolutionary ecology but also in epidemiology, economics, 

sociology, social design engineering and anthropology. In this symposium, researchers from these fields will 

present their recent studies and communicate for the further development. 

 

09:00 - 09:30  Social dilemma with vaccination behavior of people facing epidemics 

 Eriko Fukuda (Interdisciplinary Graduate School of Engineering Sciences, Kyushu University) 

09:30 - 10:00  Agent-based mapping of credit risk for sustainable microfinance 

 Joung-Hun Lee (Institute of Decision Science for Sustainable Society, Kyushu University) 

10:00 - 10:30  Evolution of coordinated cooperation 

 Hisashi Ohtsuki (School of Advanced Sciences, SOKENDAI) 

(10:30 - 10:40  Break) 

10:40 - 11:10  Cooperation among behaviorally heterogeneous players in social dilemma with stay or leave 

decisions 

 Takehito Masuda (Japan Society for the Promotion of Science, ISER, Osaka University) 

11:10 - 11:40  On the concept of cultural social dilemma and a paradox concerning cumulatively evolving 

culture 

 Yutaka Kobayashi (Kochi University of Technology) 

11:40 - 12:00  When does competition among individuals promote cumulative cultural evolution? 

 Joe Yuichiro Wakano (Graduate School of Advanced Mathematical Sciences, Meiji University) 
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CJK-K1 (Aug 26, 14:00 - 15:20, Room B) 

Mathematical modeling and applications to biological systems 
Organizer: Il-Hyo Jung (Pusan National University) 

 

1.  Feedback control of an HBV Model based on differential evolution and Kalman filter 

 Hee-Dae Kwon (Inha University, Korea)  

2.  Modeling the Transmission Dynamics of HIV-1 with Multiple Delays 

 Gul Zaman (Abdul Wali Khan University, Pakistan) 

3.  Effect of Mosquito Feeding Behaviors on Mosquito-borne Diseases 

 Byul Nim Kim (Kyungpook National University, Korea) 

4.  Estimation of Natural and Fishing mortality: Application to sailfin sandfish in the Eastern Coastal Areas of 

Korea 

 Giphil Cho (Pusan National University, Korea) 

 
 

 
 

CJK-K2 (Aug 26, 15:45- 17:05, Room B) 

Mathematical modeling on behavioral monitoring 
Organizer: Muyoung Heo (Pusan National University, Korea) 

 

1.  Analysis of clustering behavior of ants  

Beom Jun Kim (Sungkyunkwan University, Korea) 

2.  Understanding the Oligochaeta behavior: based on water 

Hyejin Kang (Kyunghee University, Korea) 

3.  Foraging and Feeding Behaviors of Susceptible and Resistant Two-Spotted Spider Mites 

Muyoung Heo (Pusan National University, Korea) 

4.  Position distributions of zebrafish when exposed to stressful conditions  

Takashi Uehara (Nagoya College, Japan) 

CJK-K3 (Aug 27, 9:00 - 10:20, Room B) 

Ecological modeling: from genes to communities 
Organizer: Bae Mi-Jung (Kyung Hee University) 

 

1.  Gene-environmental wide association as a predictor of species distribution 

Maribet Gamboa (Ehime University) 

2.  Species diversity of Trichoptera in a semi-natural Tagliament River (Italy) revealed by Poisson Tree 

Processes model 

Sakiko Yaegashi (Ehime University) 

3.  Projecting adaptive genetic variation and species distribution of stream insects under changing climates 

Kei Nukazawa (Tohoku University) 

4.  Prediction of mosquito occurrence using hidden-Markov model 

Dong-Hwan Kim (Kyung Hee University) 

5.  Spatial disruption of fish assemblage due to the dam construction 

Mi-Jung Bae (Kyung Hee University) 

6.  A novel clustering method with iterative search to analyze the metagenomics data for bacterial communities 

 Muyoung Heo (Pusan National University) 

  

 

 

CJK-K4 (Aug 28, 15:00 - 16:20, Room C) 
Biological systems and applications 
Organizer: Chang Hyeong Lee (Ulsan National Institute of Science and Technology) 

 

1.  Evolution of cooperation through power-law distributed conflicts 

Pilwon Kim (Ulsan National Institute of Science and Technology, Korea) 

2.  When can Michealis-Menten or Hill functions lead accurate stochastic simulations? 

Jae Kyoung Kim (KAIST, Korea) 

3.  (TBA) 

 Jung Eun Kim (Ulsan National Institute of Science and Technology, Korea) 

4.  Mathematical modeling for the T helper cell differentiation with time delay and stochasticity 

Seongwon Lee (National Institute for Mathematical Sciences, Korea) 

5.  Computational and mathematical methods with applications to stochastic H1N1 inuenza models 

Hyojung Lee (Ulsan National Institute of Science and Technology, Korea) 

6.  Parameter estimation and optimal control for drug scheduling of HIVchemotherapy 

Hyoeun Kim (Seoul National University, Korea) 
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CJK-K5 (Aug 28, 16:30 - 17:50, Room C) 

Mathematical modeling in epidemiology 
Organizer: Sunmi Lee (Kyung Hee University) 

 

1.  An age-structure system for the TB transmission dynamics in Korea  

Sungim Whang (Ajou University, Korea) 

2.  The media effect on the 2009 H1N1 influenza dynamics in Korea  

Yunhwan Kim (Hankuk University of Foreign Studies, Korea) 

3.  An agent-based model on the influence of media coverage on risk perception, vaccination behavior and 

influenza spread 

Yunhwan Kim (Hankuk University of Foreign Studies, Korea) 

4.  The impact of heterogeneous mixing on two-group influenza dynamics  

Sunmi Lee (Kyung Hee University, Korea) 

 

 

 

 

CJK-K6 (Aug 29, 9:00 - 12:00, Room C) 

Mathematical modeling of biological systems: signaling network, cell motility, disease 
control, and cancer 
Organizer: Yangjin Kim (Konkuk University) 

 

1.  (TBA) 

 Eunha Shim (Sungsil University, Korea) 

2.  Optimizing DC vaccination by combination with cytokine-expressing oncolytic adenoviruses 

 Chae-Ok Yun (Hanyang University, Korea) 

3.  (TBA) 

 Jongbae Park (National cancer center, Korea) 

4.  The role of myosin II in regulation of glioma infiltration: a mathematical model 

Yangjin Kim (Konkuk University, Korea) 

5.  Assuming Hill-type regulation can mischaracterize the biological systems 

 Jae Kyoung Kim (KAIST, Korea) 

6.  Pattern formation in a chemotaxis-growth system  

Hirofumi Izuhara (University of Miyazaki, Japan)) 

7.  A modied continuous model for cell-cell adhesion  

Hideki Murakawa (Kyushu University, Japan) 
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Hideki Murakawa (Kyushu University, Japan) 

 

 

Oral Session List
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Oral sessions
 
Aug 26, Wed  12:30 - 15:30   Room D  
Oral Session 1: Development, Cell, Physiology - 1 
12:30 O1-1  Kenta Ishimoto (The Hakubi 

Center, Kyoto University), 
Eamonn A. Gaffney 
(University of Oxford) 

  How does sperm find its way?: 
A numerical study on hydrodynamic sperm rheotaxis 

12:50 O1-2  Nariya Uchida (Tohoku 
University), Ramin 
Golestanian (University of 
Oxford) 

  Hydrodynamic model of ciliary metachronal waves 

13:10 O1-3  Takashi Okada (RIKEN), 
Bernold Fiedler (Freie 
Universität Berlin), Atsushi 
Mochizuki (RIKEN) 

  Perturbation-response relation and network topology in 
biochemical reaction system 

13:30 O1-4  Tsuyoshi Hirashima (Kyoto 
University), Taiji Adachi 
(Kyoto University) 

  Mechanisms of cellular dynamics underlying homeostatic radial 
size of proliferating epithelial tube proposed by numerical 
analysis of vertex model 

13:50 O1-5  Kai Morino (The University 
of Tokyo), Yoshito Hirata 
(The University of Tokyo), 
Norihiro Hayashi (Takaoka 
City Hospital), Shin Egawa 
(Jikei University School of 
Medicine), Kazuyuki Aihara 
(The University of Tokyo) 

  Predicting progression of prostate cancer using a machine 
learning algorithm 

14:10 O1-6  Hisao Honda (Kobe 
University, RIKEN) 

  Anisotropic cell growth causes looping of the developing heart 

14:30 O1-7  Daiki Sasaki (Kyushu 
University), Takashi Miura 
(Kyushu University) 

  Mathematical modeling of MDCK spontaneous movement 

14:50 O1-8  Yoshinori Hayakawa 
(RIKEN), Masashi Tachikawa 
(RIKEN), Atsushi Mochizuki 
(RIKEN) 

  Flat leaf formation realized by cell-division control and mutually 
recessive gene regulation 

15:10 O1-9  Shingo Gibo (RIKEN), 
Hiroshi Ito (Kyushu 
University), Gen Kurosawa 
(RIKEN) 

  Discrete and ultradiscrete models for circadian clocks comprising 
gene regulatory network and protein transition network 

     
Aug 26, Wed  12:30 - 15:30   Room E  
Oral Session 2: Ecology, Behavior - 1 
12:30 O2-1  Shigeru Kuroda (Hokkaido 

University), Toshiyuki 
Nakagaki (Hokkaido 
University) 

  A mechano-mathematical model for adaptive crawling 
locomotion:  from a case study of centipede 

12:50 O2-2  Yuuya Tachiki (Kyushu 
University), Itsuro Koizumi 
(Hokkaido University) 

  Absolute and relative assessment in the status-dependnt 
strategy in salmonoid fishes 

13:10 O2-3  Miki Hamada (Nara Women's 
University) 

  Analysis of a coupled logistic growth model with time 
delays 

13:30 O2-4  B. Dubey (BITS Pilani), Atasi 
Patra (BITS Pilani) 

  Modeling the dynamics of a fishery model with optimal 
harvesting policy 

13:50 O2-5  Kyouiti Sugiura (Hamamatsu 
Hamana Juior High School), 
Akihiro Hosoda (Okegaya 
marsh Visitor Center) 

  Permanence and Stability of the Model for Gobies and 
Mussells 

14:10 O2-6  Shigeo YACHI (Kyoto 
University) 

  Population viability analysis of Lake Biwa benthic fish, 
Chaenogobius Isaza under the progress of global warming 

14:30 O2-7  Yoh Iwasa (Kyushu 
University), Ryo Yamaguchi 
(Kyushu University) 

  Recurrent origination of novel species in two islands with 
rare migration 

14:50 O2-8  Yumino Hayase (Hiroshima 
University), Shigeru Kuroda 
(Hokkaido University), Ryo 
Kobayashi (Hiroshima 
University) 

  A mathematical model of locomotion of centipede 

15:10 O2-9  Kouki Uchinomiya (Kyushu 
University) 

  Theoretical study of resource allocation in plant-mycorrhizal 
mutualism 

     
Aug 26, Wed  15:45 - 17:25   Room E  
Oral Session 3: Epidemiology, Immunology - 1 
15:45 O3-1  Alexey Martyushev (UNSW)   Modelling HIV suppressive mechanisms of virus-specific 

CD8+ T cells 
16:05 O3-2  Ryosuke Omori (Hokkaido 

University) 
  The determinant of regional difference in the prevalence of 

sexually transmitted infection. 
16:25 O3-3  Helong Liu (Xinyang Normal 

University) 
  Discussion on some age-structured HIV/AIDS models with 

drug-treatment strategies 
16:45 O3-4  Masaki Sekiguchi (Tokyo 

Metropolitan Ogikubo High 
School), Emiko Ishiwata 
(Tokyo University of Science) 

  Effects of time delays in ultra-discrete epidemic models 

17:05 O3-5  Yusuke Ito (Kyushu 
University), Fabrizio 
Mammano (INSERM), Yoh 
Iwasa(Kyushu University), 
Shingo Iwami (Kyushu 
University) 

  Modeling coinfection of HIV-1 in cell culture 

     
Aug 27, Thur  9:00 - 11:20   Room E  
Oral Session 4: Evolution, Game, Network - 1 
9:00 O4-1  Kei-ichi Tainaka (Shizuoka 

University), Takashi Uehara 
(Nagoya Junior College), H. 
Yokoi (Shizuoka University), 
T. Sakata (Shizuoka 
University), H. Naito 
(Shizuoka University), S. 
Morita (Shizuoka University) 

  Evolution of altruism in spatial Prisoner’s Dilemma game 
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  Modeling coinfection of HIV-1 in cell culture 

     
Aug 27, Thur  9:00 - 11:20   Room E  
Oral Session 4: Evolution, Game, Network - 1 
9:00 O4-1  Kei-ichi Tainaka (Shizuoka 

University), Takashi Uehara 
(Nagoya Junior College), H. 
Yokoi (Shizuoka University), 
T. Sakata (Shizuoka 
University), H. Naito 
(Shizuoka University), S. 
Morita (Shizuoka University) 

  Evolution of altruism in spatial Prisoner’s Dilemma game 
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9:20 O4-2  Sachi Yamaguchi (Kanagawa 
University), Yoh Iwasa 
(Kyushu University) 

  Phenotype adjustment promotes adaptive evolution in a 
game without conflict 

9:40 O4-3  Ryo Yamaguchi (Kyushu 
University), Sergey Gavrilets 
(University of Tennessee), 
Yoh Iwasa (Kyushu 
University) 

  Point of no return in parapatric speciation: 
incompatibility-distance relation and time to speciation 

10:00 O4-4  Cinthia Marie Tanaka 
(University of Sao Paulo), 
Renato Vicente (University of 
Sao Paulo) 

  A two-level selection approach to model the emergence of 
altruism when intergroup conflict is frequent 

10:20 O4-5  Masato Yamamichi (Hakubi 
Center, Kyoto University) 
Masaki Hoso (Hakubi Center, 
Kyoto University) 

  Effects of genetic architectures on polymorphism dynamics 
under negative frequency-dependent selection 

10:40 O4-6  Makoto Douge (Kyushu 
University) 

  The reason of sexual reproduction 

11:00 O4-7  Manabu Iwata (University of 
Tsukuba), Eizo Akiyama 
(University of Tsukuba) 

  Heterogeneity of link weight and the evolution of 
cooperation 

     
Aug 28, Fri  9:00 - 11:20   Room E  
Oral Session 5: Evolution, Game, Network - 2 
9:00 O5-1  Takenori Takada (Hokkaido 

University), Kazuhiko 
Masaka (Hokkaido Forestry 
Research Institute) 

  Two n-player game models on sex allocation in higher plants 

9:20 O5-2  Yasuhiro Kojima (The 
University of Tokyo), 
Hisanori Kiryu (The 
University of Tokyo) 

  Parameter estimation of Wright-Fisher model using the EM 
algorithm and likelihood ratio test for detecting selection 

9:40 O5-3  Shinsuke Satoi (Kyushu 
University), Yoh Iwasa 
(Kyushu University) 

  Computational study of Leuckart's law. - Swifter moving 
animal have large eye? 

10:00 O5-4  Wataru Nakahashi 
(SOKENDAI) 

  An evolutionary model of primate ovulatory signs and 
male-male competition 

10:20 O5-5  Yu Uchiumi (SOKENDAI), 
Hisashi Ohtsuki 
(SOKENDAI), Akira Sasaki 
(SOKENDAI) 

  Evolutionary arm races in recognition signals of symbiotic 
partners: mutualists vs. parasites 

10:40 O5-6  Isamu Okada (Soka 
University), Tatsuya Sasaki 
(University of Vienna) 

  Institutional sacrifice and individual elitism on the evolution 
of cooperation 

11:00 O5-7  Mitsuhiro Nakamura 
(SOKENDAI), Ai Kawamori 
(SOKENDAI, The Institute of 
Statistical Mathematics) 

  Conditional learning strategy choice in domestic chicks 
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Oral Session 6: Development, Cell, Physiology - 2 
15:00 O6-1 Gen Kurosawa (RIKEN)   Toward the simplest theoretical model for the circadian 
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  Elementary dynamics of vasculogenesis/Angiogenesis in 

chick embryo 
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(Kyushu University) 

  Mathematical modeling of telomere length attrition in 
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  Cell extrusion induced by geometrical and mechanical 
heterogeneity in growing epithelial tissues 

17:00 O6-7 Takayuki Ohara (Hokkaido 
University), Motohide Seki 
(Kyushu University),Alex A. 
R. Webb (University of 
Cambridge), Akiko Satake 
(Kyushu University) 

  Phase response of plant circadian clocks yields robust 
metabolic rhythms under variations in daylength 

17:20 O6-8 Koji Noshita (The University 
of Tokyo), Keisuke Shimizu 
(Japan Agency for 
Marine-Earth Science and 
Technology), Takenori Sasaki 
(The University of Tokyo) 

  
  

Estimation of the growth rate gradient on molluscan shells: 
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Aug 29, Sat  9:00 - 11:40   Room D 
Oral Session 7: Ecology, Behavior - 2 
9:00 O7-1 Malay Banerjee (IIT Kanpur), 

Yasuhiro Takeuchi (Aoyama 
Gakuin University) 

  Delay induced enhancement of stability domain in a 
prey-predator model with Allee effect 

9:20 O7-2 Mayumi Seto (Nara Women's 
University) 

  Chemotrophic bacteria and material cycles: How they 
increase fluxes?  

9:40 O7-3 Takashi Shimada (The 
University of Tokyo) 

  Another look at the diversity-stability relation 

10:00 O7-4 Shigehide Iwata (Tokyo 
University of Marine Science 
and Technology) 

  The allocation of fish boat to fishing ground and its 
management 

10:20 O7-5 Takeshi Oura (Osaka 
University), Kei Tokita 
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  Statistical mechanics of competitive exclusion of ecological 
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University), Nanako 
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  Spreading speeds of invasive species in a periodic patchy 
environment: Effects of dispersal based on long-range taxis 
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11:00 O7-7 Tomoyuki Obuchi (Tokyo 
Institute of Technology), 
Yoshiyuki Kabashima (Tokyo 
Institute of Technology), Kei 
Tokita (Nagoya University) 

  Degree of interactions essentially changes relative species 
abundance 
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Poster session
 
P-1  Toshiki Oguma (Kyushu University), 

Takashi Miura (Kyushu University) 
  Delta-Notch interaction and cell movement during angiogenesis 

in retina 
P-2  Ishibashi Hiroaki (Hokkaido 

University), Inui Chihiro (Kyoto 
University), Kishimoto Kouji (Kyoto 
University), Funayama Noriko (Kyoto 
University), Akiyama Masakazu 
(Hokkaido University) 

  A mathematical model of sponge structure 

P-3  Hiroshi Yoshida (Kyushu University)   A model of multicellular organisms using multivariable 
polynomials - Polynomial Life - 

P-4  Hironori Fujita (National Institute for 
Basic Biology), Ya-Chen Lisa Lin 
(University of Washington), Masayoshi 
Kawaguchi (National Institute for Basic 
Biology), Keiko U. Torii (University of 
Washington) 

  Patten formation of stomatal lineage cells in plants 

P-5  Daisuke Imoto (National Research 
Institute of Police Science), Shuji 
Ishihara (Meiji University), Satoshi 
Sawai (The University of Tokyo) 

  Phase field description of spatially anisotoropic cell-cell 
interactions 

P-6  Hiroto Shoji (Kyoto Prefectural 
University of Medicine) 

  3D network patterns in lobulus hepatis and their characterizations 
by physical analysis 

P-7  Kyo Tsuji (Waseda University), Atsuko 
Takamatsu (Waseda University) 

  Network centrality depending on environment in true slime mold 

P-8  Seiya Nishikawa (Waseda University), 
Atsuko Takamatsu (Waseda 
University) 

  A mathematical model for “cell competition” considering a 
delayed interaction effect 

P-9  Takashi Miura (Kyushu University)   Modelling capillary network formation in vitro 

P-10  Masashi K. Kajita (The University of 
Tokyo) 

  Information-theoretic aspects of receptor clustering in molecular 
discrimination 

P-11  Kentaro Ito (Hiroshima University)   Mathematical model for spreading true slime mold 

P-12  Naoyuki Sotta (The University of 
Tokyo), Toru Fujiwara (The University 
of Tokyo), Athanasius F.M. Marée 
(John Innes Centre),Verônica A. 
Grieneisen (John Innes Centre) 

  Rapid regulation of nutrient transporters is crucial for preventing 
oscillations in the root system 

P-13  Ken-ichi Hironaka (Osaka University)   Adaptive significance of critical weight for metamorphosis in 
holometabolous insects 

P-14  Takaaki Funo (Kyushu University), 
Philip Kruger (Malaria Control 
Programme), Noboru Minakawa 
(NEKKEN), Shingo Iwami (Kyushu 
University) 

  GIS analysis for spatial and temporal spread of malaria disease 

P-15  Kazuya Shibata (Ryukoku University), 
Akira Sano (Ryukoku University) 

  Analysis and prediction of HA nucleotide sequence of human 
influenza virus 

P-16 Yoshiyuki Ogino (Waseda University), 
Toru Asahi (Waseda University, Japan) 

  Modeling of multiple dimensional metabolism of chiral 
thalidomide and microscopic interaction with pharmacological 
receptor 

P-17  Yotaro Katayama (The University of 
Tokyo), Ryo Yokota (The University of 
Tokyo), Tetsuya J. Kobayashi (The 
University of Tokyo) 

  Estimation of latent structures in T cell population 

P-18  Chunyoung Oh (Chonnam National 
University), Masud M. A. (Kyungpook 
National University) 

  Optimal intervection strategies for the spread of obesity 

P-19  Sungchan Kim (Pusan National 
University), Il Hyo Jung (Pusan 
National University) 

  Why Should We Consider a Vector-Bias Effect on Malaria 
Dynamics? 

P-20  Tomoko Sakiyama (Waseda 
University), Yukio-Pegio Gunji 
(Waseda University) 

  The Relationship between local and social information on trail 
laying foraging 

P-21  Nariyuki Nakagiri (University of 
Hyogo) 

  A comb model and simulation of honeybee with the effects of the 
space 

P-22  Yusuke Ikegawa (Osaka Prefecture 
University), Hideo Ezoe (Osaka 
Prefecture University), Toshiyuki 
Namba (Osaka Prefecture University) 

  Biological pest control in arable fields associated with non-crop 
habitats 

P-23  Kohei Tamura (University of Bristol), 
Yui Arimatsu (Tohoku University), 
Hisashi Nakao (Yamaguchi 
University),  Yuji Yamaguchi 
(Okayama University), Naoko 
Matsumoto (Okayama University) 

  Elliptic Fourier analysis of Ongagawa pottery 

P-24  Kentaro Hashimoto (Ehime 
University), Toshiyuki Nakajima 
(Ehime University) 

  Analysis of encounter probability in living systems using a 
computer simulation model 

P-25  Daiki Nakashima (Tohoku University), 
Takeshi Kano (Tohoku University), 
Akio Ishiguro (Tohoku University) 

  How snakes move by selectively utilizing reaction force from 
environment 

P-26  Yuta Inaba (Kyoto University), Shigeo 
Yachi (Kyoto University) 

  Asymmetric competition between prey can stabilize coupled 
predator-prey system 

P-27  Kotaro Yasui (Tohoku University), 
Kazuhiko Sakai (Tohoku University), 
Takeshi Kano (Tohoku University), 
Dai Owaki (Tohoku University), Akio 
Ishiguro (Tohoku University) 

  Decentralized control mechanism underlying myriapod 
locomotion 
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P-28  Yuki Kubo (Kyushu University), 
Joung-Hun Lee (Kyushu University), 
Yoh Iwasa (Kyushu University) 

  Timing of harvesting trees 

P-29  Tatsuya Ono (Tohoku University), 
Takeshi Kano (Tohoku University), 
Hitoshi Aonuma (Hokkaido 
University), Yoshiya Matsuzaka 
(Tohoku University), Akio Ishiguro 
(Tohoku University) 

  Intra-limb coordination mechanism of ophiuroid locomotion 

P-30  Yuma Sakai (Hokkaido University)   Analysis of bond development model in lattice space 

P-31  Shinichi Tateiwa (Doshisha 
University), Yasufumi Yamada 
(Doshisha University), Takumi Tsuji 
(Doshisha University), Kohta 
Kobayashi (Doshisha University), 
Kentaro Ito (Hiroshima University), 
Ryo Kobayashi (Hiroshima 
University), Shizuko Hiryu (Doshisha 
University) 

  Obstacle avoidance algorism of autonomous vehicle inspired by 
bat's bio-sonar strategy for spatial scanning 

P-32  Yuki Kuchiki (SOKENDAI), Akira 
Sasaki (SOKENDAI), Hisashi Ohtsuki 
(SOKENDAI) 

  How does the priority effect influence species diversity in rocky 
intertidal sessile assemblages? 

P-33  Masataka Yamao (Kyoto University), 
Honda Naoki (Kyoto University), Shin 
Ishii (Kyoto University) 

  Analytical solution for multinomial logistic model 

P-34  Takahiro Yamagishi (Kyoto 
University),  Ross Booton (The 
University of Sheffield), Atushi 
Yamauchi (Kyoto University) 

  The joint evolution of gynodioecy and selfing 

P-35  Chiaki Miura (SOKENDA)   On the effect of a selection that increase the carrying capacity of 
population 

P-36  Shohei Utsunomiya (Waseda 
University), Shumpei Hisamoto 
(Waseda University), Atsuko 
Takamatsu (Waseda University) 

  Diversity in ants supports effective cooperative transport 

P-37  Yuichiro Kobayashi (The University of 
Tokyo), Masakazu Shimada (The 
University of Tokyo) 

  Spatially explicit random community models: diversity 
maintenance with space 

P-38  Caixia Gao (Inner Mongolia 
University) 

  Multi-objective optimal control and optimization algorithm for 
the nonlinear dynamical system in microbial fed-batch culture 

P-39  Jaehun Jung (Pusan National 
University) 

  The effects of Electronic cigarettes for smoking cessation: A 
mathematical modeling approach 

P-40  Takahiro Kamioka (Kyushu 
University), Yoh Iwasa (Kyushu 
University) 

  Evolution of dispersal and juvenile hormone responsiveness in 
wing dimorphic insects 

P-41  Koichi Ito (Kyushu University), Miki 
Suzuki (University of Tsukuba), Ko 
Mochizuki (Kyoto University) 

  Evolution of floral color change: Is a honest signal for pollinators 
beneficial for flowers? 

P-42  Takuya Sekiguchi (SOKENDAI), 
Hisashi Ohtsuki (SOKENDAI) 

  Fixation probabilities of strategies for bimatrix games in finite 
populations 

P-43  Shun Kurokawa (none), Yasuo Ihara 
(University of Tokyo) 

  Mechanism that facilitates the evolution of cooperation 

P-44  Gaku Oya (SOKENDAI), Hisashi 
Ohtsuki (SOKENDAI) 

  Stable polymorphism of cooperators and punishers in a public 
goods game 

P-45  Nobuto Takeuchi (University of 
Tokyo), Kaneko Kunihiko (University 
of Tokyo), Paulien Hogeweg (Utrecht 
University) 

  The origin of genes through spontaneous symmetry breaking 

P-46  Masato S. Abe (National Institute of 
Informatics), Naoki Masuda 
(University of Bristol) 

  Analysis of dominance network models with intrinsic node 
weights 

P-47  Yuya Shimizu (The University of 
Tokyo), Masakazu Shimada (The 
University of Tokyo) 

  Model analysis of speciation and adaptive radiation in an 
ecosystem with archipelago structure 

P-48  Mengshu Xu (Kyushu University)   The comparison of two genetics models for SINE in the Bombyx 
mori 

P-49  KwangSu Kim (Pusan National 
University), Il Hyo Jung (Pusan 
National University) 

  Autorun virus transmission dynamics: Stability analysis and 
optimal control strategy 
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On the role of epistasis in molecular evolution 
 
 
The phenotypic effect of an allele at one genetic site may depend on alleles at other sites, a phenomenon known as 
epistasis. Epistasis can profoundly influence the process of evolution in populations and shape the patterns of 
divergence across species. I will discuss the role of epistasis in the evolution of proteins under either directional or 
purifying selection; and also in the evolution of micro-organisms in laboratory conditions. I will highlight examples 
where the inference of epistasis is possible and has been validated by subsequent experiments. I will also discuss 
theoretical limitations on our ability to infer epistasis from several types of commonly reported measurements of 
evolving populations. 

Okubo Prize

 
山口幸	 	 
Sachi Yamaguchi 
神奈川大学工学部情報システム創成学科	 
Department of Information Systems Creation, Kanagawa University 
e-mail: sachi.dwarfmale@gmail.com 
 
 

 
 
 
海洋生物における雌雄性の進化ゲーム：動的最適化によるアプローチ	 

Evolutionary game model for diverse sexual systems in marine organisms 
: A dynamic optimization approach 

 
	 海洋生物は、同時的雌雄同体や性転換、雌雄異体、極端な性的二型などといった極めて多様

な性表現を持っている。そのなかでも、フジツボ類には、同時的雌雄同体のみの種、同時的雌

雄同体と小さな雄の共存、雌と小さな雄の共存という３種類の性システムが知られており、性

の進化を研究するうえでとても興味深い生物群である。この小さな雄は、「矮雄（わいゆ

う）」と呼ばれ、雌雄同体あるいは雌の体表に付着して生活している。フジツボの矮雄を発見

したのは、進化論や種の起源で有名なダーウィンであるが、その彼ですら「なぜ矮雄が進化し

てきたのか」について明確な答えが出せなかった。そこで、私は矮雄が雌雄同体個体群に侵入

適応できる条件をずっと探し求めてきた。本講演では、矮雄が見られる海洋生物において、そ

の多様な性表現をもたらす生活史戦略の違いを説明するための動的最適化を含むゲームモデル

について発表する。 
	 幼生が基質に定着すると小型個体になるが、すぐに矮雄として繁殖することと、未成熟で成

長を目指すことの選択ができる。後者はのちに、大型個体に成長するが、大型個体は、雄とし

ての繁殖機能（精子をつくって他個体を受精する）と雌としての繁殖機能（自ら卵をつくる）

に資源を投資する。新規加入幼生が矮雄になる割合と大型個体の性配分が適応的に進化すると

考えた。定着基質もカニの甲羅のように継続時間が限られている場合、戦略が生息地の齢に依

存するので進化的に安定な解を動的計画法で計算する。私は未成熟個体の成長率、個体の死亡

率、生息地の消失確率、および大型個体に対する矮雄の精子生産比といった４つのパラメータ

を、矮雄進化の有無を決めるパラメータとして選んだ。そして、フジツボ個体が残せる子ども

の数を計算し、生涯の繁殖成功が最大になるような生き方（資源分配の仕方）が、集団中にど

んどん広がって、それに置き換わって行くという計算を行った。その結果、進化的に安定な個

体群の構成は、生息地の齢に応じて、同時的雌雄同体のみ、同時的雌雄同体と矮雄の共存、雌

と矮雄の共存と変化することがわかった。 
 
 Barnacles, marine crustaceans which distribute from intertidal area to deep-seas, have various 
sexual systems depending on species, that is, simultaneous hermaphroditism, coexistence of 
simultaneous hermaphrodites and males, and coexistence of females and males. Barnacle males are very 
small and called “dwarf males”. Dwarf males live on large conspecific individuals (hermaphrodites or 
females). Since Darwin’s finding of barnacle males, it is unclear why such small males are adaptive and 
evolve. To explain this question, I made an evolutionary game model using dynamic optimization. 
 
 

REFERENCES 
 
[1] Yamaguchi, S., Charnov, E.L., Sawada, K., Yusa, Y. 2012. Sexual systems and life history of barnacles: a 
theoretical perspective, Integrative and Comparative Biology, 52: 356-365. 
[2] Yamaguchi, S., Sawada, K., Yusa, Y., Iwasa, Y. 2013. Dwarf males, large hermaphrodites, and females in 
marine species: a dynamic optimization model of sex allocation and growth. Theoretical Population Biology, 85:49-
57. 
[3] Yamaguchi, S., Sawada, K., Yusa, Y., Iwasa, Y. 2013. Dwarf males and hermaphrodites can coexist in marine 
sedentary species if the opportunity to become a dwarf male is limited. Journal of Theoretical Biology, 334:101-108. 
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Epidemic models with media education and limit resources for disease
treatment

This talk consider the effect of media coverage and the carry capacity of local hospital on
the spreading of infectious disease. The number of patients need to be treated may exceed the
carrycapacity of local hospitals during the spreading of a severe infectious disease. We propose
models with general and saturation recovery from infective individuals to understand their effect
on the emergency disease control. It is shown that saturation recovery from infective individuals
leads to vital dynamics, such as bistability and periodicity, when the basic reproduction number
is less than unity.
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Structural approaches for dynamics of complex network systems. 
 
 By the success of modern biology we have many examples of large networks which describe 
interactions between a large number of species of bio-molecules. On the other hand, we have a limited 
understanding for quantitative details of biological systems, like the regulatory functions, parameter 
values of reaction rates. To overcome this problem, we have developed structural theories for dynamics 
of network systems. By our theories, important aspects of the dynamical properties of the system can be 
derived from information on the network structure, only, without assuming other quantitative details. In 
this talk, I will introduce a new theory for chemical reaction networks.  
 In living cells a large number of reactions are connected by sharing substrates or product chemicals, 
forming complex network systems like metabolic network. One experimental approach to the dynamics 
of such systems examines their sensitivity: each enzyme mediating a reaction in the system is 
increased/decreased or knocked out separately, and the responses in the concentrations of chemicals or 
their fluxes are observed. However, due to the complexity of the systems, it has been unclear how the 
network structures influence/determine the responses of the systems. In this study, we present a 
mathematical method, named structural sensitivity analysis, to determine the sensitivity of reaction 
systems from information on the network alone. We investigate how the sensitivity responses of 
chemicals in a reaction network depend on the structure of the network, and on the position of the 
perturbed reaction in the network. We establish and prove a general law which connects the network 
topology and the sensitivity patterns of metabolite responses directly. Our theorem explains two 
prominent features of network in sensitivity: localization and hierarchy in response pattern. We apply our 
method to several hypothetical and real life chemical reaction networks, including the metabolic network 
of the E. coli TCA cycle. The theorem is useful, practically, when examining real biological networks 
based on sensitivity experiments. 
 

                
 

REFERENCES 
 

[1] Mochizuki A., and Fiedler B. (2015) Sensitivity of chemical reaction networks: a structural approach. J. Theor. 
Biol. 367: 189-202. 
[2] Mochizuki A., Fiedler B., Kurosawa G. and Saito D. (2013) Dynamics and control at feedback vertex sets. J. 
Theor. Biol. 335: 130-146. 
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Movement of Fish Responding to Stressful Conditions 

 
 Behavior monitoring is mostly feasible in presenting environmental impact through on-line, 

early warning system for ecological risk assessment. Stress affectedness could be sensitively and 

continuously addressed on motion of animals by reflecting total physiological network responses to 

stressors in situ. Behavior data, however, are complex and difficult to analyze, especially under stressful 

conditions (e.g., toxic chemical treatment). Computational approaches are discussed in defining behavior 

states of fish individuals in a confined area including position distribution, Hidden Markov Model, 

integration and intermittency. By analyzing variance and invariance in movement data response behaviors 

could be as an efficient monitoring tool to detect stress impact in environment, filling the gap between 

molecular and population/community measurements. 
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EFFECT OF INTERVENTIONS ON EBOLA PANDEMIC IN WEST AFRICA 
USING OPTIMAL CONTROL THEORY 

 
 The epidemics of Ebola virus disease threaten a public health with a high fatality rate and an 
absence of licensed treatment and vaccines. On August 8, 2014, the World Health Organization declared 
the epidemic a ``Public Health Emergency of International Concern''. The control interventions of public 
health measures are crucial factors for stopping Ebola transmission. In this work, we present optimal 
intervention strategies of preventing the Ebola epidemics using two different mathematical models.  

In West Africa, the dead people but not yet buried is one of major sources of infection transmission. 
Families or friends touch and kiss the dead body during traditional funeral ceremony. In the first model, 
a SEIR type model incorporated with the time-dependent control measures was developed and optimal 
control theory has been applied to this controlled Ebola model. One burial control and three distancing 
controls in the community, at the hospital and during burial were considered to investigate optimal 
intervention strategies for minimizing the infectious individuals while keeping the cost implementing the 
controls. Simulation results show that the distancing control in the community is the most important 
control measure. However, if we do controlling only the dead people but not yet buried, optimal control 
interventions show dramatically reducing the Ebola transmission.  

Another key factor that facilitated the development of the epidemic in West Africa is the lack of 
public health surveillance systems to detect new outbreaks and healthcare infrastructure to ensure 
infection control practices in health care settings devoted to the treatment and isolation of infectious 
cases. In the second model, we assess the impact of effective isolation of infectious individuals in health 
care settings in the context of Ebola epidemics using an optimal control framework. Specifically, we 
analyzed the uncertainty in hospital bed capacity that would be needed to control an Ebola epidemic 
under different conditions. 
  
 
 . 
 
 

CJK Invited Session 1

Yongkuk Kim 
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Effect of Climate Changes on Occurrence of Fusarium Head Blight and related 
Mycotoxins Contamination in Barley Grains in Korea 

 Fusarium head blight is caused mainly by the fungus Fusarium graminearum. This disease 
periodically causes significant yield loss and reduced grain quality. The fungus produces the mycotoxin, 
deoxynivalenol (DON), also known as vomitoxin. Barley is vulnerable to FHB infection mainly at 
flowering, when heavy rainfall splashes inoculum from the soil up the plant and onto the emerging 
barley heads. 
In this talk, we discuss the risk assessment of fusarium head blight with climate changes by considering 
RCP scenarios for climate changes, and a mathematical model for the occurrence of FHB and 
mycotoxins contamination in barley. Using the optimal control theory, we’d like to find optimal 
management strategies for FHB and mycotoxins
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Generalized size-dependent formulation for natural mortality of fish based on 

their fecundity 
 
 Natural mortality of fish is a major source of uncertainty in stock assessment for fishery management. 
As mortality rate of fish larvae and juveniles is known to decrease with increasing body size, various 
generalized size-dependent formulations of mortality have been proposed. However, derived mortality 
rates differ greatly among the proposed formulations, requiring a way to validate the formulations. As 
fisheries scientists have often ignored implications of fecundity in estimating natural mortality of fish, I 
have developed and proposed an approach to validate size-dependent mortality rates based on fecundity 
for both of batch and total spawners. For bay anchovy (Anchoa mitchilli) and Pacific anchovy (Engraulis 
japonica), as example of heterochronal species, my central assumption for deriving their mortality rates 
was that, at equilibrium status, among the eggs produced by an average female anchovy during the 
spawning period, the number of survivors after a year should be approximately 2, because the life cycle of 
anchovy is mostly completed in a year. I recently developed a matrix projection method to estimate size-
dependent natural mortality for isochronal fishes by providing an example of application to the Pacific cod 
(Gadus macrocephalus). Comparisons with results from field surveys suggested that my theoretically-
derived natural mortality rates based on fecundity of fish are reliable enough for the purpose of stock 
assessment. My approach of estimating and validating size-dependent natural mortality based on fecundity 
can be applied and extended to other freshwater and marine fish species, improving reliability of stock 
assessments for fisheries management. 
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Mathematical modeling of tumor therapeutic strategies and its mechanism 

 
 Abstract：According to a report by the world health organization in 2012, there are an 
estimated 14.1 million new cancer cases diagnosed and 8.2 million cancer deaths in the world. Statistical 
data and related studies have shown that the risk of cancer increases with the age. Hence, cancer 
diagnose and treatment has become one of the most hot topics in the study of pharmacology and 
immunology and the related life science. We will investigate the dynamic behavior of interaction 
between tumor cells and immune cells, Combined pulsed immunotherapy and radiotherapy and the 
mechanism of human breast cancer. 
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Generalized size-dependent formulation for natural mortality of fish based on 

their fecundity 
 
 Natural mortality of fish is a major source of uncertainty in stock assessment for fishery management. 
As mortality rate of fish larvae and juveniles is known to decrease with increasing body size, various 
generalized size-dependent formulations of mortality have been proposed. However, derived mortality 
rates differ greatly among the proposed formulations, requiring a way to validate the formulations. As 
fisheries scientists have often ignored implications of fecundity in estimating natural mortality of fish, I 
have developed and proposed an approach to validate size-dependent mortality rates based on fecundity 
for both of batch and total spawners. For bay anchovy (Anchoa mitchilli) and Pacific anchovy (Engraulis 
japonica), as example of heterochronal species, my central assumption for deriving their mortality rates 
was that, at equilibrium status, among the eggs produced by an average female anchovy during the 
spawning period, the number of survivors after a year should be approximately 2, because the life cycle of 
anchovy is mostly completed in a year. I recently developed a matrix projection method to estimate size-
dependent natural mortality for isochronal fishes by providing an example of application to the Pacific cod 
(Gadus macrocephalus). Comparisons with results from field surveys suggested that my theoretically-
derived natural mortality rates based on fecundity of fish are reliable enough for the purpose of stock 
assessment. My approach of estimating and validating size-dependent natural mortality based on fecundity 
can be applied and extended to other freshwater and marine fish species, improving reliability of stock 
assessments for fisheries management. 
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How to apply kin selection theory to evolutionary games

Hamilton invented kin selection theory to analyze evolutionary consequences of social inter-
actions between kin[1]. Central in this theory is the concept of inclusive fitness, which dictates
to add up all the fitness effects of a given action to others, but each being deweighted by the
coefficient of relatedness between the actor and the recipient. Such ‘additivity’ greatly simplifies
our calculation and facilitates our understanding of gene-centered evolution. In contrast, game
theory is the study of analyzing non-additive and synergistic social interactions. For example,
in the hawk-dove game, hawk is the better strategy when facing a dove, but it is the worse one
when facing another hawk. These considerations could suggest that inclusive fitness and game
theory are oil and water; they could never be compatible with each other.

In this talk, through some examples, I show when and how they are emulsified. In particular,
I talk about evolutionary game dynamics of n-person games played by kin[2]. Traditionally,
the coefficient of relatedness measures the genetic correlation between two individuals. To fully
describe n-person game dynamics, however, one needs higher-order genetic correlations, such as
a triplet one or higher.
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Epidemic model with heterogeneous group mixing and patch dispersal

At first part of the talk, a multi-patch SEIQR epidemic model is formulated to investigate
the long-term impact of entry-exit screening measures on the spread and control of infectious
diseases. A threshold dynamics determined by the basic reproduction number �0 is established:
the disease can be eradicated if �0 < 1, while the disease persists if �0 > 1. Six different
screening strategies are explored to examine how the screening impacts the control of infectious
diseases. We find that it is crucial to screen travelers from and to high-risk patches and it is not
necessary to implement screening in all connected patches, and the minimum number of patches
that should implement screening depends critically on the dispersal rates and the success detect
rate of screening measures. At the second part of the talk, we formulate a general disease model
that takes both heterogeneous group-like mixing and patch–like dispersal into consideration. We
try to use this network structure to model the spread of infectious diseases among urban and rural
areas in China, where the urban villages of major cities bring in complex contact patterns. For
the general model, the basic reproduction number �0 is identified and the global attractiveness of
the disease free equilibrium is established when �0 < 1 by the comparison principle. The uniform
persistence and the existence of the disease endemic equilibrium are also obtained when �0 > 1.
The dependence of �0 on parameters is also studied, which indicates that cross infection among
groups enlarges �0, and that the dispersal rates of sub-groups have very complicated effects on
the basic reproduction number. This talk is based on recent and ongoing work with Xinxin Wang,
Lin Wang and Weiwei Zhang.
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Prediction of the impacts of anthropogenic disturbances to the distributions of fish 

assemblage 
 
 Various anthropogenic disturbances such as land use change, river channelization, damming, and 
water abstraction produce the continuity disruptions of abiotic-biotic factors (e.g., natural temperature, 
flow regimes of freshwater ecosystems, higher species turnover, etc.). Here, we aim to analyze the 
factors mediating the distributions of fish assemblages. Thus, we used species distribution models 
(SDMs) based on fish assemblage group with various scaled environmental factors to interpret the 
patterns and process of fish assemblages. We tested the role of environmental predictors that were 
expected to influence each species distribution, including climatic factors, topography, hydrologic 
alteration, and other indicators of anthropogenic disturbance. Even though the predictive accuracy of the 
model was different among species, generally random forests showed the highest predictive performance 
among individual models. Our results suggested that climatic factors strongly mediate the distribution of 
the species but anthropogenic disturbances (e.g., hydrologic alterations) also influence the species 
distributions. 
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Modeling impulsive insulin delivery in insulin pump and artificial
pancreas

In this talk, we propose two novel mathematical models with impulsive injection of insulin or its
analogues for type 1 and type 2 diabetes mellitus. One model incorporates with periodic impulsive
injection of insulin. We analytically showed the existence and uniqueness of a positive globally
asymptotically stable periodic solution for type 1 diabetes, which implies that the perturbation
caused by insulin injections will not disturb homeostasis but amend the glucose from pathological
level toward a healthier level. We also showed that the system is uniformly permanent for type
2 diabetes, that is, the glucose concentration level is uniformly bounded above and below. The
other model has the feature that determines the insulin injection by closely monitoring the glucose
level when the glucose level reaches or passes a predefined but adjustable threshold value. We
analytically proved the existence and stability of the order one periodic solution, which ensures
that the perturbation by the injection in such an automated way can make the blood glucose
concentration under control. Our numerical analyses confirm and further enhance the usefulness
and robustness of our models. The first model has implications in clinic that the glucose level of
a diabetic can be controlled within desired level by adjusting the values of two model parameters,
injection period and injection dose. A method for choosing these two parameters is described.
The second model is probably the first attempt to conquer some critical issues in the design of
artificial pancreas with closed-loop approach. For the former case, our numerical analysis reveal
that a regime with smaller insulin dose and more frequent deliveries is more efficient and effective,
but surprisingly, for the latter case, larger dose is more effectual. This can be significant in design
and development of insulin pump and artificial pancreas. We continue our attempt of modeling
the open-loop control of glucose level by impulsive insulin injections. Several time delays exist
in the system. Our analytical studies show that all solutions are permanent, a periodic solution
exists, and for the case of type 1 diabetes mellitus (T1DM) the periodic solution is unique and
globally asymptotically stable. Numerically it has been shown that moderate time delays in the
system are beneficial in lowering blood sugar level rather than harmful. In contrast, these time
delays cause that the open-loop control takes longer time to lower glucose concentration level.
Our studies also elucidate the noticeable inhibitory effect on HGP by the remaining functional
β-cells. Similar to our previous work, we demonstrated that smaller dose with higher delivery
frequency has better effect in continuous subcutaneous insulin injection (CSII) administration.
We expect that our findings are helpful for clinical therapies.
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Ecological Complexity and Community Stability 
 

An ecological community can be viewed as a network of interacting species, where various 
interspecific effects are transmitted between species and propagate over the community to drive 
population- to community-level dynamics. Community complexity, often represented by high species 
richness and dense interactions between them, is a characterizing feature of real ecological community, 
but theory often predicts that ecological complexity could make a community more fragile. This being so, 
what maintains species diversity in the natural, complex communities?  

 
In this talk I would briefly review the theoretical advance made in the last decades to understand 

what maintains the complex community network. Focus will be given on two factors that, according to 
recent theoretical studies, potentially reverse the classically negative complexity effect to community 
stability into a positive one, (1) interaction flexibility [1, 2, 3] and (2) interaction-type diversity [4, 5]. 
The first factor, interaction flexibility, arises from adaptive behavior, such as adaptive diet choice and 
adaptive anti-predator defence, and provides “flexibility” to a food web. In the presence of adaptive, 
flexible behavior, food-web complexity may enhance community persistence through facilitation of 
dynamical food-web reconstruction that buffers environmental fluctuations. Interaction-type diversity is 
another factor that may help maintenance of a potentially unstable, complex community network. It has 
recently hypothesised, using a theoretical model, that coexistence of different interaction types, such as 
competition, antagonism and mutualism, can stabilise a complex community. Furthermore, in the 
presence of interaction-type diversity, the complexity can stabilize community dynamics. 
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A mathematical model including intracellular delay for SHIV-KS661 virus 
infection experiment in vitro 

 
 The duration between the successful virus entry and the release of the first progeny is defined as 
“eclipse phase”. So far many mathematical models including eclipse phase were constructed by ordinary 
differential equations (ODE), but these models were not confirmed well by viral infection experiments. 
In this study, from cell culture experiments with simian/human immunodeficiency virus (SHIV), we 
quantified the distribution of the ecliptic phase and found that the eclipse phase obeys gamma 
distribution. Then we construct a mathematical model including the distribution by delay differential 
equations (DDE) and analyzed viral infection experiments in cell culture.  We confirmed the estimated 
parameters with mathematical model including eclipse phase does not differ from that with previous 
work using most basic mathematical model. 
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The evolution of contact-dependent infection in the structured SIS model 
 
 There are two types of viral transmissions in a host, one is global and the other is 
local. Global transmission means that an infected cell produce viral particles that travel 
to susceptible cells somewhere. In contrast, local transmission occurs via physical 
contact between an infected cell and a susceptible cell. The emergence of mutant virus 
that has a high ability of local infection is observed in vitro [1] and in vivo [2], and the 
mutations sometimes relate to a severe disease caused by virus infection [2]. In the 
evolution of contact-dependent infection, Kamo and Boots [3] suggested that the spatial 
heterogeneity have an important effect. However, it is not fully understood that why the 
local infection has an advantage, and what kind of parameter which characterizes the 
degree of heterogeneity. 
 
 Here we attempt to reveal how the evolutionary outcome depends on the spatial 
heterogeneity, using the SIS model with a spatial structure. We consider a lattice 
structured medium in which each site is either empty or occupied by a host cell. Empty 
sites stay empty throughout: they never change their state; whereas, occupied sites 
changes between the susceptible state and the infected state by the viral infection 
dynamics. In this study, we address the evolution of the proportion of the global 
infection L with changing the configuration of occupied and empty sites. 
 
 The simulation and the pair-approximation results showed that the spatial 
correlation has an important effect on the direction of evolutionary outcome. When the 
occupied sites have a negative correlation, the global infection is the optimal. On the 
other hand, when the occupied sites have a positive correlation, some degree of the 
local infection becomes the optimal. We also report another dependency of the 
evolutionary outcome on the spatial parameter. 
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The effect of the evolutionary interaction between host innate immune system and 
viral counterpart for the intracellular dynamics of HIV-1 replication. 
 
 Innate immune system protects host against various pathogens in a generic ways.  On the other 
hand, pathogens must overcome immunological barriers within host for successful infection.  
APOBEC3G (A3G) and Vif is well studied as typical case both host innate immune system and its viral 
counter part.  APOBEC-like 3 family (A3) proteins are well known as host restriction factor against the 
retroviruses such as HIV-1.  A3 enzymes inhibit replication of HIV-1 through activity as single-stranded 
DNA (ssDNA) cytosine deaminases.  On the other hand, Vif protein of HIV-1 is ubiquitin ligase and 
degrades A3 enzymes through ubiquitin-proteasome pathway. 
 For host cell, maximizing the production of virion with A3 enzymes is appropriate.  Conversely, it 
is important to produce the virion without A3 enzymes for HIV-1 to success its infection.  A3 enzymes 
and Vif expressions are properly regulated through the evolutionary interaction between host and 
pathogen under some constraints. 
 We construct a mathematical model of HIV-1 replication process based on its molecular biological 
findings.  The replication dynamics of HIV-1 replication is investigated by using this model to take the 
expression of A3 enzymes and Vif into consideration.  The evolutionary simulation is performed to 
investigate how the regulation of A3 enzymes and Vif expressions is optimized. 
Especially, trade-off both A3 enzymes and Vif are taken into consideration.  First of all, the appropriate 
expression of Vif protein for the HIV-1 replication is investigated.  All mRNAs of HIV-1 are produced 
from the large un-spliced RNA.  Vif protein is translated from single spliced RNA.  Though Vif protein 
is needed to produce the new virion without host A3 enzymes, the excessive translation of Vif causes the 
defect of other viral gene products that is necessary to newly produce the complete virion.  I investigate 
how regulate splice rate of un-spliced and single spliced RNA of HIV-1 to maximize the production of 
HIV-1 virion without A3 enzymes. 
 Next, a trade-off between the incorporation of newly produced virion and activity of deaminase is 
considered as a host factor.  The efficiency of deamination varies among A3 family members.  For 
instance, A3G has high mutational activity and efficiently inhibit HIV-1 replication.  On the other hand, 
A3F shows weak inhibition of HIV-1 replication.  It is proposed that A3 enzymes scan ssDNA as 
substrate by sliding.  The excessive affinity of A3 enzymes to ssDNA rather inhibits sliding.  As a result, 
mutation rate of ssDNA of HIV-1 becomes small.  I investigate the appropriate affinity of A3 enzymes to 
maximize the inhibition efficiency of A3 enzymes to regulate both the incorporation rate to the HIV-1 
virion and mutation rate. 
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The evolution of contact-dependent infection in the structured SIS model 
 
 There are two types of viral transmissions in a host, one is global and the other is 
local. Global transmission means that an infected cell produce viral particles that travel 
to susceptible cells somewhere. In contrast, local transmission occurs via physical 
contact between an infected cell and a susceptible cell. The emergence of mutant virus 
that has a high ability of local infection is observed in vitro [1] and in vivo [2], and the 
mutations sometimes relate to a severe disease caused by virus infection [2]. In the 
evolution of contact-dependent infection, Kamo and Boots [3] suggested that the spatial 
heterogeneity have an important effect. However, it is not fully understood that why the 
local infection has an advantage, and what kind of parameter which characterizes the 
degree of heterogeneity. 
 
 Here we attempt to reveal how the evolutionary outcome depends on the spatial 
heterogeneity, using the SIS model with a spatial structure. We consider a lattice 
structured medium in which each site is either empty or occupied by a host cell. Empty 
sites stay empty throughout: they never change their state; whereas, occupied sites 
changes between the susceptible state and the infected state by the viral infection 
dynamics. In this study, we address the evolution of the proportion of the global 
infection L with changing the configuration of occupied and empty sites. 
 
 The simulation and the pair-approximation results showed that the spatial 
correlation has an important effect on the direction of evolutionary outcome. When the 
occupied sites have a negative correlation, the global infection is the optimal. On the 
other hand, when the occupied sites have a positive correlation, some degree of the 
local infection becomes the optimal. We also report another dependency of the 
evolutionary outcome on the spatial parameter. 
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The effect of the evolutionary interaction between host innate immune system and 
viral counterpart for the intracellular dynamics of HIV-1 replication. 
 
 Innate immune system protects host against various pathogens in a generic ways.  On the other 
hand, pathogens must overcome immunological barriers within host for successful infection.  
APOBEC3G (A3G) and Vif is well studied as typical case both host innate immune system and its viral 
counter part.  APOBEC-like 3 family (A3) proteins are well known as host restriction factor against the 
retroviruses such as HIV-1.  A3 enzymes inhibit replication of HIV-1 through activity as single-stranded 
DNA (ssDNA) cytosine deaminases.  On the other hand, Vif protein of HIV-1 is ubiquitin ligase and 
degrades A3 enzymes through ubiquitin-proteasome pathway. 
 For host cell, maximizing the production of virion with A3 enzymes is appropriate.  Conversely, it 
is important to produce the virion without A3 enzymes for HIV-1 to success its infection.  A3 enzymes 
and Vif expressions are properly regulated through the evolutionary interaction between host and 
pathogen under some constraints. 
 We construct a mathematical model of HIV-1 replication process based on its molecular biological 
findings.  The replication dynamics of HIV-1 replication is investigated by using this model to take the 
expression of A3 enzymes and Vif into consideration.  The evolutionary simulation is performed to 
investigate how the regulation of A3 enzymes and Vif expressions is optimized. 
Especially, trade-off both A3 enzymes and Vif are taken into consideration.  First of all, the appropriate 
expression of Vif protein for the HIV-1 replication is investigated.  All mRNAs of HIV-1 are produced 
from the large un-spliced RNA.  Vif protein is translated from single spliced RNA.  Though Vif protein 
is needed to produce the new virion without host A3 enzymes, the excessive translation of Vif causes the 
defect of other viral gene products that is necessary to newly produce the complete virion.  I investigate 
how regulate splice rate of un-spliced and single spliced RNA of HIV-1 to maximize the production of 
HIV-1 virion without A3 enzymes. 
 Next, a trade-off between the incorporation of newly produced virion and activity of deaminase is 
considered as a host factor.  The efficiency of deamination varies among A3 family members.  For 
instance, A3G has high mutational activity and efficiently inhibit HIV-1 replication.  On the other hand, 
A3F shows weak inhibition of HIV-1 replication.  It is proposed that A3 enzymes scan ssDNA as 
substrate by sliding.  The excessive affinity of A3 enzymes to ssDNA rather inhibits sliding.  As a result, 
mutation rate of ssDNA of HIV-1 becomes small.  I investigate the appropriate affinity of A3 enzymes to 
maximize the inhibition efficiency of A3 enzymes to regulate both the incorporation rate to the HIV-1 
virion and mutation rate. 
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Quantifying the antiviral effect of IFN on HIV-1 replication in cell culture

Type-I interferons (IFNs) induce the expression of hundreds of cellular genes, some of which have 
direct antiviral activities. Although IFNs restrict different steps of HIV replication cycle, their dominant 
antiviral effect remains unclear. We first quantified the inhibition of HIV replication by IFN in tissue 
culture, using viruses with different tropism and growth kinetics. By combining experimental and 
mathematical analyses, we determined quantitative estimates for key parameters of HIV replication and 
inhibition, and demonstrate that IFN mainly inhibits de novo infection (33% and 47% for a X4- and a 
R5-strain, respectively), rather than virus production (15% and 6% for the X4 and R5 strains, 
respectively). This finding is in agreement with patient-derived data analyses.

This is a joint study with Hiroki Ikeda (Department of Biology, Kyushu University, Fukuoka, Japan), 
Ana Godinho-Santos (INSERM, U941, Paris, France), Sylvie Rato (INSERM, U941, Paris, France), 
Bénédicte Vanwalscappel (INSERM, U941 & Univ Paris Diderot, Sorbonne Paris Cité, IUH, Paris, 
France), François Clavel (INSERM, U941 & Univ Paris Diderot, Sorbonne Paris Cité, IUH, Paris, 
France), Kazuyuki Aihara (Institute of Industrial Science, The University of Tokyo, Meguro-ku, Tokyo, 
Japan), and Fabrizio Mammano (INSERM, U941 & Univ Paris Diderot, Sorbonne Paris Cité, IUH, Paris, 
France).
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A theoretical study on the lethal mutagenesis of HIV-1 
 
 The highly active antiretroviral therapy (HAART) by use of three different classes of anti-HIV 
drugs is efficacious in preventing emergence of drug resistant HIV strains, but it is not always 
appropriate for AIDS patients who have had drug resistant HIV strains through treatment failure. For 
these patients, it is desirable to prepare some optional treatments. As an optional treatment, therapeutics 
based on the concept of the lethal mutagenesis, which leads to a viral extinction by depriving HIV-1 of 
its infectivity through mutagenesis of HIV-1 genome by use of a mutagen, has been extensively studied. 
However this therapeutics is still controversial on its efficacy [1]. This study deals with two topics. The 
first topic is to clarify a limit of the lethal mutagenesis based treatment from a theoretical viewpoint. We 
proposed a novel mathematical model to simulate change in viral load under a mutagenic activity. By 
applying the asymptotic stability analysis to the model, we demonstrated the lethal mutagenesis did not 
occur when the efficacy of a mutagen is under a critical value [2]. This result supports a hypothesis of 
slow mutation accumulation by a mutagen is not enough to induce the viral extinction.  
The second topic is to clarify a cause of difficulty in the lethal mutagenesis in vivo. Now it is known that 
the latent reservoir is obstacle to eradicate HIV-1 infection by HAART and much research efforts to 
remove it have been done. Thus we introduced the latent reservoir in our model by referring to [3] and 
examined whether the latent reservoir disturbs the lethal mutagenesis or not from a theoretical viewpoint. 
Through theoretical analyses of the model, we clarified the lethal mutagenesis could not accelerate the 
decay of the latent reservoir more than a limit. This result indicates that draining the latent reservoir by 
the lethal mutagenesis seems to be difficult as well as HAART. 
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 The highly active antiretroviral therapy (HAART) by use of three different classes of anti-HIV 
drugs is efficacious in preventing emergence of drug resistant HIV strains, but it is not always 
appropriate for AIDS patients who have had drug resistant HIV strains through treatment failure. For 
these patients, it is desirable to prepare some optional treatments. As an optional treatment, therapeutics 
based on the concept of the lethal mutagenesis, which leads to a viral extinction by depriving HIV-1 of 
its infectivity through mutagenesis of HIV-1 genome by use of a mutagen, has been extensively studied. 
However this therapeutics is still controversial on its efficacy [1]. This study deals with two topics. The 
first topic is to clarify a limit of the lethal mutagenesis based treatment from a theoretical viewpoint. We 
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applying the asymptotic stability analysis to the model, we demonstrated the lethal mutagenesis did not 
occur when the efficacy of a mutagen is under a critical value [2]. This result supports a hypothesis of 
slow mutation accumulation by a mutagen is not enough to induce the viral extinction.  
The second topic is to clarify a cause of difficulty in the lethal mutagenesis in vivo. Now it is known that 
the latent reservoir is obstacle to eradicate HIV-1 infection by HAART and much research efforts to 
remove it have been done. Thus we introduced the latent reservoir in our model by referring to [3] and 
examined whether the latent reservoir disturbs the lethal mutagenesis or not from a theoretical viewpoint. 
Through theoretical analyses of the model, we clarified the lethal mutagenesis could not accelerate the 
decay of the latent reservoir more than a limit. This result indicates that draining the latent reservoir by 
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Mathematical modeling of programmed cell death in 
HIV infection 

 
 CD4 T-cell death caused by HIV infection collapses human 
immune system and is a key benchmark in anti-HIV treatments. 
Although numerous studies have investigated how CD4 T-cell 
decreases in HIV infection, the mechanism of CD4 T-cell 
depletion is poorly understood and has been one of the major 
questions in the field of HIV infection. Recent study shows that 
caspase-1-mediated programed cell death triggered by abortive 
HIV infection, called “pyroptosis”, attracts more CD4 T-cells to 
die by releasing inflammatory cytokines, and thus seems to 
promote CD4 T-cell depletion1. To verify the effect of pyroptosis 
on CD4 T-cell depletion in HIV infection, we have investigated a 
mathematical model of CD4 T-cell and HIV dynamics including 
the effect of pyroptosis. In this talk, we would like to show our 
ongoing results of how pyroptosis drives CD4 T-cell depletion 
and to discuss a possibility of a future therapeutic strategy that 
uses caspase-1 inhibitors for blocking the progress of pyroptosis 
in HIV infection to maintain the number of CD4 T-cell. 
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Robustness of micro-ecosystem in intractable polymicrobial infectious disease 
 
 Polymicrobial diseases are being a great concern of human being by difficulty in proper diagnosis 
and clinical treatment. For formation of polymicrobial diseases, biofilm, a polymicrobial community on 
hard and soft tissue surfaces in various environments, is important and accounts for over 80% of whole 
infectious diseases (according to a report by the Department of Health and Human Services; 
http://grants.nih.gov/grants/guide/pa-files/PA-07-288.html). Periodontitis is one of the representative 
polymicrobial diseases and has a potential to be refractory. Severe periodontitis results in tooth loss in 5-
15% of the most population (according to a report by the World Health Organization; 
http://www.who.int/oral_health/media/en/orh_figure2.pdf) and is important to be associated with 
systemic diseases such as diabetes, chronic obstructive pulmonary diseases and cardiovascular diseases. 
In addition, a few decades have brought us peri-implantitis, an emerging problem in an application of a 
dental implant. Peri-implantitis has also been known to be a polymicrobial disease as well as 
periodontitis and to bring similar clinical symptoms to periodontitis. The prognosis of periodontitis is 
expected to be well in the long term by treatment; however, effectiveness of clinical treatments for peri-
implantitis is often insufficient even if similar treatments to those for periodontal disease are applied. 
Moreover, animal experiments showed that disease progression is significantly faster in peri-implantitis 
than that in periodontitis. Therefore, there is controversy whether microbial species members responsible 
for the disease etiologies are similar or not. To determine the microbial species and functional genes 
related to disease etiologies of peri-implantitis and periodontitis, we performed metatranscriptomic 
analysis to determine causative microbial species, functional genes including virulence factors. In the 
study we applied our original workflow in which 16S rRNA and mRNA were simultaneously quantified 
by full appreciation of total RNA. We revealed that there is similarity in functional gene, especially 
virulence factors and their taxonomic origins, but dissimilarity in composition of microbial species. It is 
suggested that such similarity is attributed to the similarity in clinical symptoms of the two diseases, 
while refractory nature and rapid progression of peri-implantitis can be resulted from the dissimilarity. 
We achieved dissection of shared and different microbiological nature in the two diseases with similar 
symptoms. Our findings will provide significant clues to development of novel clinical treatment 
approaches specific to peri-implantitis or periodontitis, and furthermore, our experimental way, i.e. full 
appreciation of rRNA and mRNA in microbiota, will induce further metatranscriptomic studies for other 
polymicrobial diseases with unknown etiologies. 
 From this presentation, I would like to share idea how we create or develop ‘robust’ micro-
ecosystem through this intractable micro-ecosystem, or polymicrobial diseases. 
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Mathematical modeling of programmed cell death in 
HIV infection 
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immune system and is a key benchmark in anti-HIV treatments. 
Although numerous studies have investigated how CD4 T-cell 
decreases in HIV infection, the mechanism of CD4 T-cell 
depletion is poorly understood and has been one of the major 
questions in the field of HIV infection. Recent study shows that 
caspase-1-mediated programed cell death triggered by abortive 
HIV infection, called “pyroptosis”, attracts more CD4 T-cells to 
die by releasing inflammatory cytokines, and thus seems to 
promote CD4 T-cell depletion1. To verify the effect of pyroptosis 
on CD4 T-cell depletion in HIV infection, we have investigated a 
mathematical model of CD4 T-cell and HIV dynamics including 
the effect of pyroptosis. In this talk, we would like to show our 
ongoing results of how pyroptosis drives CD4 T-cell depletion 
and to discuss a possibility of a future therapeutic strategy that 
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in HIV infection to maintain the number of CD4 T-cell. 
 

REFERENCE 
 

1. Doitsh, G. et al. Cell death by pyroptosis drives CD4 T-cell depletion in HIV-1 
infection. Nature 505, 509–514 (2014). 

 
Fumito Maruyama 
Graduate School of Medicine, Kyoto Univ, JAPAN 
maruyama.fumito.5e@kyoto-u.ac.jp 
 

Ichiro Nakagawa 
Graduate School of Medicine, Kyoto Univ, JAPAN 
 
 

Robustness of micro-ecosystem in intractable polymicrobial infectious disease 
 
 Polymicrobial diseases are being a great concern of human being by difficulty in proper diagnosis 
and clinical treatment. For formation of polymicrobial diseases, biofilm, a polymicrobial community on 
hard and soft tissue surfaces in various environments, is important and accounts for over 80% of whole 
infectious diseases (according to a report by the Department of Health and Human Services; 
http://grants.nih.gov/grants/guide/pa-files/PA-07-288.html). Periodontitis is one of the representative 
polymicrobial diseases and has a potential to be refractory. Severe periodontitis results in tooth loss in 5-
15% of the most population (according to a report by the World Health Organization; 
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In addition, a few decades have brought us peri-implantitis, an emerging problem in an application of a 
dental implant. Peri-implantitis has also been known to be a polymicrobial disease as well as 
periodontitis and to bring similar clinical symptoms to periodontitis. The prognosis of periodontitis is 
expected to be well in the long term by treatment; however, effectiveness of clinical treatments for peri-
implantitis is often insufficient even if similar treatments to those for periodontal disease are applied. 
Moreover, animal experiments showed that disease progression is significantly faster in peri-implantitis 
than that in periodontitis. Therefore, there is controversy whether microbial species members responsible 
for the disease etiologies are similar or not. To determine the microbial species and functional genes 
related to disease etiologies of peri-implantitis and periodontitis, we performed metatranscriptomic 
analysis to determine causative microbial species, functional genes including virulence factors. In the 
study we applied our original workflow in which 16S rRNA and mRNA were simultaneously quantified 
by full appreciation of total RNA. We revealed that there is similarity in functional gene, especially 
virulence factors and their taxonomic origins, but dissimilarity in composition of microbial species. It is 
suggested that such similarity is attributed to the similarity in clinical symptoms of the two diseases, 
while refractory nature and rapid progression of peri-implantitis can be resulted from the dissimilarity. 
We achieved dissection of shared and different microbiological nature in the two diseases with similar 
symptoms. Our findings will provide significant clues to development of novel clinical treatment 
approaches specific to peri-implantitis or periodontitis, and furthermore, our experimental way, i.e. full 
appreciation of rRNA and mRNA in microbiota, will induce further metatranscriptomic studies for other 
polymicrobial diseases with unknown etiologies. 
 From this presentation, I would like to share idea how we create or develop ‘robust’ micro-
ecosystem through this intractable micro-ecosystem, or polymicrobial diseases. 
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Shedding light on the function of gut microbiota, another organ in our body 

       The gut microbiota form a highly complex ecological community together with host intestinal cells. 
The so-called gut ecosystem has a profound influence on human physiology, immunology, and nutrition. 
It has been reported that imbalance in the structure of gut ecosystem could be a risk factor in human 
disorders including not only gut-associated disorders such as inflammatory bowel disease and colonic 
carcinogenesis, but also systemic diseases such as metabolic disorder and allergy [1]. However, the 
molecular mechanisms of the function of gut microbiota through host-microbial crosstalk remain obscure. 
To this end, we firstly established a highly integrated omics-based approach involving genome, 
transcriptome, and metabolome analyses to evaluate gut environmental alterations and to highlight the 
metabolic pathways of the gut microbiota. Applying this novel method to several mouse models, we 
found that acetate produced from carbohydrate metabolism by probiotic bifidobacteria largely 
contributes to the protection of mice from enterohaemorrhagic EHEC O157:H7 lethal infection through 
enhancement of gut epithelial barrier function [2]. In addition, we showed that lactate produced from 
dietary fiber metabolism by lactic acid bacteria accelerates colonic epithelial cell turnover in starvation-
refed mice [3]. Furthermore, we demonstrated that butyrate produced from dietary fiber metabolism by 
Clostridia induces the differentiation of naïve T cells into colonic regulatory T cells by epigenetic 
changes and they suppress colonic inflammation [4]. Besides, lubiprostone (commonly used for the 
treatment of constipation) ameliorates the progression of chronic kidney disease and the accumulation of 
uremic toxins by improving the gut microbiota and intestinal environment [5]. Taken together, gut 
microbiota-derived metabolites consider to be crucial factors to shape host physiological homeostasis. 
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Uncovering the most complex biosphere: coexistence of microbes in the soil 

 
 Below-ground ecosystems involve thousands or tens of thousands species of bacteria, protists and 
fungi, providing opportunities for considering the key mechanisms of species coexistence. As massive 
datasets of organisms in the environment have recently become available, we are now able to analyze the 
unique patterns in the community structure of those micro-organisms. In this talk, I will present the 
analyses uncovering the complex patterns of species-to-species associations. Based on the high-
throughput DNA barcoding methods developed in our project, we are routinely analyzing below-ground 
ecological networks involving hundreds or thousands of species [1]. Each of those datasets includes a 
number of species in the same phylogenetic clades, which do not seem to partition ecological niches. By 
showing our recent findings, I will discuss how competitive and facilitative interactions among microbes 
structure microbial biosphere in the soil. 
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Shedding light on the function of gut microbiota, another organ in our body 

       The gut microbiota form a highly complex ecological community together with host intestinal cells. 
The so-called gut ecosystem has a profound influence on human physiology, immunology, and nutrition. 
It has been reported that imbalance in the structure of gut ecosystem could be a risk factor in human 
disorders including not only gut-associated disorders such as inflammatory bowel disease and colonic 
carcinogenesis, but also systemic diseases such as metabolic disorder and allergy [1]. However, the 
molecular mechanisms of the function of gut microbiota through host-microbial crosstalk remain obscure. 
To this end, we firstly established a highly integrated omics-based approach involving genome, 
transcriptome, and metabolome analyses to evaluate gut environmental alterations and to highlight the 
metabolic pathways of the gut microbiota. Applying this novel method to several mouse models, we 
found that acetate produced from carbohydrate metabolism by probiotic bifidobacteria largely 
contributes to the protection of mice from enterohaemorrhagic EHEC O157:H7 lethal infection through 
enhancement of gut epithelial barrier function [2]. In addition, we showed that lactate produced from 
dietary fiber metabolism by lactic acid bacteria accelerates colonic epithelial cell turnover in starvation-
refed mice [3]. Furthermore, we demonstrated that butyrate produced from dietary fiber metabolism by 
Clostridia induces the differentiation of naïve T cells into colonic regulatory T cells by epigenetic 
changes and they suppress colonic inflammation [4]. Besides, lubiprostone (commonly used for the 
treatment of constipation) ameliorates the progression of chronic kidney disease and the accumulation of 
uremic toxins by improving the gut microbiota and intestinal environment [5]. Taken together, gut 
microbiota-derived metabolites consider to be crucial factors to shape host physiological homeostasis. 
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Uncovering the most complex biosphere: coexistence of microbes in the soil 
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Evolution of insecticide resistance through endosymbiosis 
 

 
 A number of animals and plants harbor symbiotic microorganisms inside their bodies, where 
intimate interactions occur between the partners. Owing to technological advancement and a growing 
body of recent studies, now we know the general importance of microbial symbiosis in the organismal 
evolution. Insects, which feed exclusively on nutritionally-poor food sources, such as plant sap, 
vertebrate blood, or woody materials, commonly harbor endosymbiotic microorganisms inside the gut 
lumen, body cavity, and/or specific cells called bacteriocytes/mycetocytes. Symbiotic microbes play 
pivotal biological roles for their host insects, including provisioning of essential nutrients in aphids and 
blood-sucking insects, and food digestion in termites, supply of sole food sources in bark beetles and 
leaf-cutting ants, etc. To ensure the transmission of the essential partners generation to generation, 
insects have evolved elaborate mechanisms for vertical transmission of the symbionts, including ovarial 
transmission, egg-smearing, and coprophagy. In addition to these obligate symbionts, some facultative 
symbionts are not essential but confer important ecological functions to their hosts in a situation-
dependent manner. For instance, facultative symbionts of the pea aphid confer heat tolerance, 
pathogen/parasite resistance and plant adaptation in the pea aphid. Other facultative symbionts 
drastically affect physiological, ecological and developmental host traits, including reproductive 
manipulation in diverse insects, Bt-sensitivity in the gypsy moth, body color change in the pea aphid, etc. 
This presentation review such amazing diversity of insect symbiosis, and show recently discovered a 
novel type of symbiont-mediated host trait: insecticide resistance. 
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Behavior of a bloom-forming algae, Heterosigma akashiwo, in environment; 
possible implication of symbiont during bloom formation. 

 
 “Red tide”, or algal bloom, is commonly observed phenomenon in thalassic sea in China, Korea, 
and Japan. Algal bloom is caused by massive propagation of, in most cases, single bloom-causative 
species to high density. Algal bloom formation is linked to high water temperature and eutrophic status. 
However, these conditions may not be sufficient to explain rapid propagation of a single species among 
all algae in the area. How and why the specific species among all the habitat algae in the area propagates 
at high speed to form bloom has been a big question for ecologists. 
 Our group is investigating ecophysiological behavior of one of the bloom forming algal species, 
Heterosigma akashiwo (Ha). Ha is a photosynthetic, unicellular algae with size of ~10 µm, which 

belongs to raphidophyceae. Ha bloom frequently 
observed during summer time in western part of 
Japan. During Ha bloom formation, Ha propagates 
up to 8 times per day, while in laboratory culture it 
duplicate during a day. Like other species, high 
water temperature and eutrophic status are liked to 
Ha bloom formation, while reproducing these 
conditions alone does not trigger such high-speed 
propagation of Ha in laboratory culture. 
 We recently found out that a Ha-associating 
bacterium facilitates propagation of the algae. 
When the bacterium, Altererythrobacter 
ishigakiensis, was added to axenic Ha culture, Ha 
propagation was facilitated, and its maximum 
culture density is increased. The bacterium also 
propagated along with the growth of Ha, 
demonstrating that the two organisms are in 

symbiotic relationship. The bacterium did not affect growth of other bloom forming raphidophyceae, 
Chattonella marinas and C. ovate, suggesting that the bacterium exerts species-specific effect on Ha. Ha 
is known to possess allelopathic effect on some other species including Chattonella. When Ha and 
Chattonella are maintained in the mixed culture, the growth of Chattonella was markedly suppressed, 
while Ha propagation remained unaffected. Interestingly, addition of A. ishigakiensis enhanced such 
allelopathic effect of Ha on Chattonella, presumably by facilitating growth of Ha. These findings 
indicate that (1) the Ha symbiont increases Ha maximum cell density, (2) the bacterium facilitates Ha 
propagation in species-specific manner, and (3) the Ha symbiont enhances allelopathic effect of Ha on 
other species to enable Ha-exclusive propagation over other habitat species. The observed symbiont-Ha 
relationship may provide an important view to understand an exclusive propagation of a single species in 
the area to form high-density bloom.  
 Recent progress in metagenomic analysis revealed that a characteristic assemblage of bacteria 
associate with an algal bloom, which is termed phycosphere. While the specificities in combination of 
such bacterial assemblages and algal species are suggested, effect of phycosphere on bloom formation is 
yet to be clarified. Our findings may suggest that the ecophysiological importance of phycosphere on 
bloom formation. Metagenomic analysis of Ha bloom-associating bacteria is currently ongoing in our 
group.   
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Left: Heterosigma akashiwo bloom observed at Tajiri port, 
Fukuyama, Japan. Discoloration of surface water, due to the 
charotenoid contained in Heterosigma chloroplasts, was 
observed. Right: Heterosigma akashiwo cells 



- 67 -

 
Yoshitomo Kikuchi 
National Institute of Advanced Industrial Science and Technology (AIST) Hokkaido 
e-mail: y-kikuchi@aist.go.jp 
 

 
 

Evolution of insecticide resistance through endosymbiosis 
 

 
 A number of animals and plants harbor symbiotic microorganisms inside their bodies, where 
intimate interactions occur between the partners. Owing to technological advancement and a growing 
body of recent studies, now we know the general importance of microbial symbiosis in the organismal 
evolution. Insects, which feed exclusively on nutritionally-poor food sources, such as plant sap, 
vertebrate blood, or woody materials, commonly harbor endosymbiotic microorganisms inside the gut 
lumen, body cavity, and/or specific cells called bacteriocytes/mycetocytes. Symbiotic microbes play 
pivotal biological roles for their host insects, including provisioning of essential nutrients in aphids and 
blood-sucking insects, and food digestion in termites, supply of sole food sources in bark beetles and 
leaf-cutting ants, etc. To ensure the transmission of the essential partners generation to generation, 
insects have evolved elaborate mechanisms for vertical transmission of the symbionts, including ovarial 
transmission, egg-smearing, and coprophagy. In addition to these obligate symbionts, some facultative 
symbionts are not essential but confer important ecological functions to their hosts in a situation-
dependent manner. For instance, facultative symbionts of the pea aphid confer heat tolerance, 
pathogen/parasite resistance and plant adaptation in the pea aphid. Other facultative symbionts 
drastically affect physiological, ecological and developmental host traits, including reproductive 
manipulation in diverse insects, Bt-sensitivity in the gypsy moth, body color change in the pea aphid, etc. 
This presentation review such amazing diversity of insect symbiosis, and show recently discovered a 
novel type of symbiont-mediated host trait: insecticide resistance. 
 

REFERENCES 
 

[1] Kikuchi, Y., Hayatsu, M., Hosokawa, T., Nagayama, A., Tago, K. and Fukatsu, T. 2012. Symbiont-mediated 
insecticide resistance. Proceedings of the National Academy of Sciences of the United States of America, 109, 8618-
8622. 
[2] Tago, K., Kikuchi, Y., Nakaoka, S., Katsuyama, C. and Hayatsu, M. 2015. Insecticide applications to soil 
contribute to development of Burkholderia mediating insecticide resistance in stinkbugs. Molecular Ecology, 24, 
3766-3778. 
 
 

Shoko Ueki 
Institute of Plant Science and Resources, Okayama University, 2-20-1 Chuo, Kurashiki, Japan 
e-mail: shokoueki@okayama-u.ac.jp 
 

Behavior of a bloom-forming algae, Heterosigma akashiwo, in environment; 
possible implication of symbiont during bloom formation. 

 
 “Red tide”, or algal bloom, is commonly observed phenomenon in thalassic sea in China, Korea, 
and Japan. Algal bloom is caused by massive propagation of, in most cases, single bloom-causative 
species to high density. Algal bloom formation is linked to high water temperature and eutrophic status. 
However, these conditions may not be sufficient to explain rapid propagation of a single species among 
all algae in the area. How and why the specific species among all the habitat algae in the area propagates 
at high speed to form bloom has been a big question for ecologists. 
 Our group is investigating ecophysiological behavior of one of the bloom forming algal species, 
Heterosigma akashiwo (Ha). Ha is a photosynthetic, unicellular algae with size of ~10 µm, which 

belongs to raphidophyceae. Ha bloom frequently 
observed during summer time in western part of 
Japan. During Ha bloom formation, Ha propagates 
up to 8 times per day, while in laboratory culture it 
duplicate during a day. Like other species, high 
water temperature and eutrophic status are liked to 
Ha bloom formation, while reproducing these 
conditions alone does not trigger such high-speed 
propagation of Ha in laboratory culture. 
 We recently found out that a Ha-associating 
bacterium facilitates propagation of the algae. 
When the bacterium, Altererythrobacter 
ishigakiensis, was added to axenic Ha culture, Ha 
propagation was facilitated, and its maximum 
culture density is increased. The bacterium also 
propagated along with the growth of Ha, 
demonstrating that the two organisms are in 

symbiotic relationship. The bacterium did not affect growth of other bloom forming raphidophyceae, 
Chattonella marinas and C. ovate, suggesting that the bacterium exerts species-specific effect on Ha. Ha 
is known to possess allelopathic effect on some other species including Chattonella. When Ha and 
Chattonella are maintained in the mixed culture, the growth of Chattonella was markedly suppressed, 
while Ha propagation remained unaffected. Interestingly, addition of A. ishigakiensis enhanced such 
allelopathic effect of Ha on Chattonella, presumably by facilitating growth of Ha. These findings 
indicate that (1) the Ha symbiont increases Ha maximum cell density, (2) the bacterium facilitates Ha 
propagation in species-specific manner, and (3) the Ha symbiont enhances allelopathic effect of Ha on 
other species to enable Ha-exclusive propagation over other habitat species. The observed symbiont-Ha 
relationship may provide an important view to understand an exclusive propagation of a single species in 
the area to form high-density bloom.  
 Recent progress in metagenomic analysis revealed that a characteristic assemblage of bacteria 
associate with an algal bloom, which is termed phycosphere. While the specificities in combination of 
such bacterial assemblages and algal species are suggested, effect of phycosphere on bloom formation is 
yet to be clarified. Our findings may suggest that the ecophysiological importance of phycosphere on 
bloom formation. Metagenomic analysis of Ha bloom-associating bacteria is currently ongoing in our 
group.   
 

REFERENCES 
 

[1] Ueki, S., 2015. Growth promotion of Heterosigma akashiwo by marine microorganisms; implication of marine 
bacterium in bloom formation. Proceedings of the 16th International Conference of Harmful Algae, in publication 
process. 
 

Left: Heterosigma akashiwo bloom observed at Tajiri port, 
Fukuyama, Japan. Discoloration of surface water, due to the 
charotenoid contained in Heterosigma chloroplasts, was 
observed. Right: Heterosigma akashiwo cells 

JSMB-2



- 68 -

 

Kenta Suzuki 
National Institute for Environmental Studies 

e-mail: kenta.suzuki@nies.go.jp 
 

 
 

 

 

Functional robustness and evolvability of self-regulating ecosystems 
 

The heritability of ecosystem function might be one of the key mechanisms for the development of some 

microbial ecosystems [1,2]. This ecosystem level heritability was experimentally demonstrated by 

Swenson et al. [3,4], and the simulation study by Williams and Lenton [5] suggested interactions among 

different types of organisms contributing significantly to the heritable function in the majority of cases. 

However, their model was too simple to further study the mechanism behind this phenomenon. It was 

especially unclear how the various community properties, e.g., population dynamics, relative species 

abundance, and patterns of species interaction, interrelated to the heritability. 

 By developing a differential equation model, I studied how the heritability of ecosystem function 

arises when the function is essential for the ecosystem viability. The importance of the results will be 

discussed in relation to the host-associated microbial communities. 
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Species Distribution Models for Ecosystem Conservation 

 
 Species distribution models (SDMs) are numerical tools developed to associate relationships 
between observations of species occurrence or abundance and their environmental factors, and used to 
predict distributions of species across landscapes and to gain ecological and evolutionary insights (Elith 
& Leathwick 2009).  
 
 SDMs are now widely used in various ecosystems such as terrestrial, forest, freshwater, and marine 
ecosystems. During the last decade, various types of SDMs have been developed, including generalized 
linear models, generalized additive models, classification and regression tree, random forest, multivariate 
adaptive regression splines, artificial neural networks, and multivariate regression trees (Guo et al. 2015). 
In this study, we reviewed the some SDMs, and presented their application in ecological study.  
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Spatial patterns generated by simultaneous cooperation and exploitation 
favour the evolution of altruism 

 
Kin selection is an important mechanism in the evolution of social behaviors, in which the coefficient of 
relatedness between players is a key element [1,2]. The coefficient of relatedness is determined by 
various factors (Frank, 1998), such as the spatial structure of the population. In particular when both 
individual mobility and interaction range are limited, in so-called 'viscous' populations [3], the 
relatedness between close (and thus interacting) players can increase, which may promote evolution of 
altruism. However, the analysis of spatially explicit models showed that this was not always true because 
the benefit from cooperation with kin tends to be canceled by a disadvantage of competition for sites 
with the same kin [4-6]. The effects of competition for resources (other than space) have been explored 
using a number of models but they all assume that all interactions have the same interaction range (either 
short-range or global). In reality, the interaction range is likely be different for different social 
interactions. The interaction of differently-scaled social mechanisms can therefore cause more complex 
spatial distributions than are currently considered by kin selection theory. Indeed, spatial population 
dynamics may influence evolutionary processes through eco-evolutionary feedback loops as shown by 
studies of the evolution of spatial cooperation strategies. In order to clarify evolution of social behaviors 
under the eco-evolutionary feedback with variation in interaction ranges, we found that the joint 
evolution of altruism and resource exploitation in a spatially structured model for population dynamics 
with resource competition may indeed give rise to characteristic spatial patterns. The outcome of 
competition is decided at the level of these patterns, which therefore may play a structural role in 
modulating kin selection. This approach is may thus help to understand the evolution of human nature, 
which is also governed by a mixture of altruism and conflict and characterized by organized spatial 
patterns.  
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Spatial epidemic models as a point pattern dynamics

Epidemic models have been conventionally described as a dynamical system where several com-
partments categorized by health status, e.g., susceptible, infectious, etc., change in population
size with time. These models are described by ordinary differential equations when only popula-
tion size does matter, or by integro-differential equations when each compartment has a certain
structure such as age, or by partial differential equations when each compartment is continuously
distributed over a space with diffusion. It has been widely recognized that non-spatial population
dynamics where everything is well mixed can behave very differently when spatial distribution is
explicitly considered. The role of “space” is indeed a critical issue also in mathematical epidemi-
ology. In this talk, I present an approach to extend non-spatial epidemic models to be spatial
as a point pattern dynamics. Different from spatial models described by PDEs, we treat each
individual as a point on a continuous two dimensional space and each individual has a certain
“mark” depending on its health status; a snapshot of individuals’ distribution over space is repre-
sented by a marked point pattern and this marked point pattern dynamically changes with time.
This approach is very flexible, allows us to carry out simulations under various assumptions. As
an example, the classical SIS and SIR models are extended as point pattern dynamics. I then
discuss how these simulations can be mathematically understood in terms of moment dynamics.
Quantification of a point pattern is the key question that is to be resolved in further study.
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Spatial epidemic models as a point pattern dynamics

Epidemic models have been conventionally described as a dynamical system where several com-
partments categorized by health status, e.g., susceptible, infectious, etc., change in population
size with time. These models are described by ordinary differential equations when only popula-
tion size does matter, or by integro-differential equations when each compartment has a certain
structure such as age, or by partial differential equations when each compartment is continuously
distributed over a space with diffusion. It has been widely recognized that non-spatial population
dynamics where everything is well mixed can behave very differently when spatial distribution is
explicitly considered. The role of “space” is indeed a critical issue also in mathematical epidemi-
ology. In this talk, I present an approach to extend non-spatial epidemic models to be spatial
as a point pattern dynamics. Different from spatial models described by PDEs, we treat each
individual as a point on a continuous two dimensional space and each individual has a certain
“mark” depending on its health status; a snapshot of individuals’ distribution over space is repre-
sented by a marked point pattern and this marked point pattern dynamically changes with time.
This approach is very flexible, allows us to carry out simulations under various assumptions. As
an example, the classical SIS and SIR models are extended as point pattern dynamics. I then
discuss how these simulations can be mathematically understood in terms of moment dynamics.
Quantification of a point pattern is the key question that is to be resolved in further study.
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A conserved quantity of virus infection in cell culture

Conservation laws are among the most important properties of a physical system, but are not 
commonplace in biology. We derived a conservation law from the basic model for viral infections which 
consists in a small set of ordinary differential equations. We challenged the conservation law 
experimentally for the case of a virus infection in a cell culture. We found that the derived, conserved 
quantity remained almost constant throughout the infection period, implying that the derived 
conservation law holds in this biological system. We also suggest a potential use for the conservation law 
in evaluating the accuracy of experimental measurements.

This is a joint study with Yusuke Kakizoe (Department of Biology, Kyushu University, Fukuoka, Japan), 
Satoru Morita (Department of Mathematical and Systems Engineering, Shizuoka University, Shizuoka, 
Japan), Shinji Nakaoka (Graduate School of Medicine, University of Tokyo, Tokyo, Japan), Yasuhiro 
Takeuchi (College of Science and Engineering, Aoyama Gakuin University, Kanagawa, Japan), Kei Sato 
(Institute for Virus Research, Kyoto University, Kyoto, Japan, and CREST, JST, Saitama, Japan), 
Tomoyuki Miura (Institute for Virus Research, Kyoto University, Kyoto, Japan), and Catherine A. A. 
Beauchemin (Department of Physics, Ryerson University, Toronto, Canada).
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A competition un-stirred chemostat model with virus in an aquatic
system

A reaction-diffusion system of two bacteria species compete a single limiting nutrient with the
consideration of virus infection is derived and analyzed. Firstly, the well-posedness and prior
estimation of the positive steady state are given. Secondly, a single species subsystem with virus
is studied. The existence and global stability of the semi-trivial steady states and the uniform
persistence of the subsystem are obtained. Further, taking the infective ability of virus as a
bifurcation parameter, the global structure of the positive steady state and the effect of virus on
the subsystem are established via bifurcation theory. Some sufficient conditions for the existence,
uniqueness and stability of the positive steady state are also obtained. Finally, some sufficient
conditions on the existence of the positive steady states for the full system are obtained by using
fixed point index theory. Some results on persistence or extinction are also obtained.
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Coupled disease-behavior dynamics on complex networks 
  

It is increasingly recognized that a key component of successful infection control efforts is understanding 
the complex, two-way interaction between disease dynamics and human behavioral and social dynamics. 
Human behavior such as contact precautions and social distancing clearly influence disease prevalence, 
but disease prevalence can in turn alter human behavior, forming a coupled, nonlinear system. Moreover, 
in many cases, the spatial structure of the population cannot be ignored, such that social and behavioral 
processes and/or transmission of infection must be represented with complex networks. Research on 
studying coupled disease-behavior dynamics in complex networks in particular is growing rapidly, and 
frequently makes use of analysis methods and concepts from statistical physics. Here I review some of 
the growing literature in this area. I contrast network-based approaches to homogeneous-mixing 
approaches, point out how their predictions differ, and describe the rich and often surprising behavior of 
disease-behavior dynamics on complex networks, and compare them to processes in statistical physics. I
discuss how these models can capture the dynamics that characterize many real-world scenarios, thereby 
suggesting ways that policy makers can better design effective prevention strategies. I also describe the 
growing sources of digital data that are facilitating research in this area. Finally, I suggest pitfalls which 
might be faced by researchers in the field, and I suggest several ways in which the field could move 
forward in the coming years. 
�
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How demography-driven evolving networks impact epidemic
transmission between communities

To unveil the impact of demographic factors on the spread of diseases, we study a Susceptible-
Infected-Susceptible (SIS) epidemic model on dynamic networks composed of two communities,
which are coupled by the random contacts with the infected people in another community for
the susceptible during their visit from one community to another and return in unit time. We
calculate the basic reproductive number R0 and analyze the relevant stability of the equilibria
(disease-free equilibrium and endemic equilibrium) of the model by applying limiting system the-
ory and comparison principle. The results reveal that the disease-free equilibrium is globally
asymptotically stable given R0 < 1, whereas the condition R0 > 1 leads to a globally asymp-
totically stable endemic equilibrium. We perform extensive numerical simulations, showing that
short-time visit between communities results in disease prevalence in both communities even if it
emerges and outbreaks in one community, and demographic factors such as births and immigra-
tions as well as short-time visit facilitates the epidemic propagation. Moreover, distribution that
the newly entered people are allocated with determines the degree distribution of the final pop-
ulation, highlighting the effects of demographics on epidemic spreading in networks of multiple
communities.
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A bio-inspired immunization strategy for network epidemiology

Well-known immunization strategies, based on degree centrality, betweenness centrality, or
closeness centrality, either neglect the structural significance of a node or require global informa-
tion about the network [1]. We propose a bio-inspired immunization strategy that circumvents
these problems by considering both the number of links of a focal node and the way the neighbors
are connected among themselves. The strategy thus measures the dependence of the neighbors
on the focal node, identifying the ability of this node to spread the disease. Nodes with the
highest ability in the network are the first to be immunized. To test the performance of our
method, we conduct numerical simulations on several artificial and real-world networks, using the
Susceptible-Infected-Recovered (SIR) model. The results show that the proposed strategy largely
outperforms the existing well-known strategies.
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Mathematical Modeling of Hunting Strategy of Predator on Infected
and Uninfected Prey

A predator-prey model with epidemic prey and staged structure in predator, where the predator
is assumed to keep constant preference probability of predation on susceptible/infected prey, is
formulated to study the hunting strategies of predator for maximum surviving rate as well as
maximum density. Global dynamics of the model are obtained; Given that the disease is endemic
among prey before the invasion of predator, a threshold dynamics determined by the predator’s net
reproductive number RH is established: the predator goes extinct if RH < 1; while the predator
persists if RH > 1; As an application, the hunting strategies of predator for the maximum RH

is studied, it is shown that the predator should only hunt the susceptible prey when the disease
is just slightly endemic, while if the disease is seriously endemic, then it should only hunt the
infected prey. Numerical simulations are performed to verify/support the theoretical results and
to consider the hunting strategies of predator for its maximum density, for which it is shown that
the predator should keep some proper preference probability on both susceptible and infected
prey. This talk is based on an ongoing work with PhD students Yang Lu and Dan Li.
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Mathematical modelling of pertussis for vaccination evaluation 
 

Mathematical models are increasingly being developed to better understand the underlying causes 
of pertussis resurgence, to test biologically plausible assumptions such as waning immunity, boosting 
immunity and various levels of infectiousness of pertussis, and to evaluate the impact of vaccination 
against pertussis. In this study, we conducted a systematic review to assess key findings of mathematical 
studies on pertussis. 15 studies that clearly fitted the epidemiological data were determined to be eligible 
and included in this systematic review. The age structure was used in 10 studies (67%), while the 
stochasticity was incorporated in 8 studies (53%). Most studies (14/15) took into account waning 
immunity (acquired from natural infection or vaccination). 12 studies (80%) were relevant to evaluation 
of vaccines. We employed the compartment model to investigate the effect of booster vaccination among 
primary school and junior high school students, which will help elevate immune protection level in the 
corresponding age groups. 
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Estimating the prevalence of syphilis using natural history and 
backcalculation method. 

 
Over the past decades, the notified number of syphilis patients in Japan has steadily 
decreased, perhaps owing to provision of antibiotics and improvement in the manner of 
sexual intercourse among prostitutes. Nevertheless, there has been a recent increase in 
syphilis notifications especially among MSM (men having sex with men) in urban 
areas. We anticipate that the transmission dynamics including contact patterns might 
have greatly changed by recent time. To elucidate the dynamics, it is fruitful quantify 
the incidence and prevalence of syphilis over time, but the natural history of syphilis 
involves long incubation period and asymptomatic infection, and thus, all infected 
individuals are not counted by medical attendance. The purpose of the present study 
was to build up a mathematical model that describes of the natural history of Treponema 

pallidum, estimating time-dependent growth of infected individuals in each disease-
stage and jointly quantifying the time-dependent rate of diagnosis. An integral 
equation was then derived to permit maximum likelihood estimation, using the 
datasets of notified syphilis cases from national surveillance report. Here we present a 
preliminary estimate of the total number of syphilis infections with and without 
symptom along with short-term forecasts. 
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An Epidemiological Assessment of Susceptible Population against Rubella 
 

Past vaccination program against rubella in Japan has become questioned after the epidemic in 
2012-2014, causing more than 15,000 cases of rubella and 43 cases of congenital rubella syndrome 
(CRS). Although symptoms of rubella are generally self-limited, we must reduce the risk of CRS, since 
the CRS involves serious complications in fetus born to infected pregnant women. In the present study, 
we have evaluated the past vaccination program in Japan by using long-term time series of incidence and 
serological data to explicitly assess how the herd immunity is achieved and how pregnant women have 
been protected over the course of time. Our result showed that the average age at infection has most 
likely been elevated, which could have led to an increase in the risk of CRS. We also identified a few 
susceptible pockets among male birth cohorts, at present aged from 20-24 and 35-49 years, which would 
better be filled by revaccination in order to prevent further CRS cases. However, in the long run, 
proportion seronegative have steadily and successfully declined both for the total population and among 
women at childbearing age. 
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Global Asymptotic Properties of a Heroin Epidemic Model with Treat-Age 
 

In this talk, a  model for the use of heroin with treat-age is formulated based on the principles of 
mathematical epidemiology. The model accounts for relapse rate that depends on how long the host has 
been in treatment for heroin addiction. An explicit formula for the reproductive number of the heroin 
spread is obtained. By using the method of Lyapunov functional, we established the dynamical properties 
of the heroin epidemic  model, and the results show that the global dynamics of the model is completely 
determined by the basic reproduction number.  It is shown that the drug-free equilibrium is locally and 
globally asymptotically stable if the basic reproduction number is less than one. In addition, the heroin 
spread system is uniform persistence and the unique drug spread equilibrium is locally and globally 
asymptotically stable if the basic reproduction number is greater than one. 
 
Key words: Heroin epidemic model; treat-age; drug-free equilibrium; drug spread equilibrium; basic 
reproduction number; Lyapunov functional. 
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we have evaluated the past vaccination program in Japan by using long-term time series of incidence and 
serological data to explicitly assess how the herd immunity is achieved and how pregnant women have 
been protected over the course of time. Our result showed that the average age at infection has most 
likely been elevated, which could have led to an increase in the risk of CRS. We also identified a few 
susceptible pockets among male birth cohorts, at present aged from 20-24 and 35-49 years, which would 
better be filled by revaccination in order to prevent further CRS cases. However, in the long run, 
proportion seronegative have steadily and successfully declined both for the total population and among 
women at childbearing age. 
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Global Asymptotic Properties of a Heroin Epidemic Model with Treat-Age 
 

In this talk, a  model for the use of heroin with treat-age is formulated based on the principles of 
mathematical epidemiology. The model accounts for relapse rate that depends on how long the host has 
been in treatment for heroin addiction. An explicit formula for the reproductive number of the heroin 
spread is obtained. By using the method of Lyapunov functional, we established the dynamical properties 
of the heroin epidemic  model, and the results show that the global dynamics of the model is completely 
determined by the basic reproduction number.  It is shown that the drug-free equilibrium is locally and 
globally asymptotically stable if the basic reproduction number is less than one. In addition, the heroin 
spread system is uniform persistence and the unique drug spread equilibrium is locally and globally 
asymptotically stable if the basic reproduction number is greater than one. 
 
Key words: Heroin epidemic model; treat-age; drug-free equilibrium; drug spread equilibrium; basic 
reproduction number; Lyapunov functional. 
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Fish abundance and maximal yield from optimal selective harvesting in
a prey predator system with reverse area

However, these studies beg the question as to how the selection imposed by harvesting in-
fluences stock abundance and the maximum fishery yield from the perspective of mathematical
model. In this paper, based on protected area, a prey-predator combined prey dispersal mod-
el with selective harvesting by incorporating two discrete state delays in age and size of both
the species have been established. Firstly, a hybrid optimal problem with Lagrange function and
state delay together with characteristic times are formulated. We then develop an efficient numer-
ical method by the lights of optimal state-delay control problem and Pontryagin-type minimum
(maximum) principle. Finally, we discuss the fishery abundance and maximal yield from optimal
selective harvesting by applying our approach.
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Modelling media impacts on the spread of infectious diseases with 
media coverage and hospital notifications 

There are many challenges to quantifying and evaluating the media impact on the control of emerging 
infectious diseases. This talk will focus on modeling such media impacts using a piecewise smooth 
function on the basis of reviewing the existing models with media functions. The proposed models 
extend the classic models with media coverage by including a piecewise smooth incidence rate to 
represent that the reduction factor because of media coverage depends on both the number of cases and 
the rate of changes in case number. On the basis of properties of Lambert W function the implicitly 
defined model has been converted into a piecewise smooth system with explicit definition, and the global 
dynamic behavior is theoretically examined. We then extend the proposed model by including all 
possible intervention strategies. By parameterizing the model with the 2009 A/H1N1 influenza outbreak 
data in the Shaanxi province of China, we observed that media impact switched off almost as the 
epidemic peaked. Our analysis implies that media coverage significantly delayed the epidemic’s peak 
and decreased the severity of the outbreak. Moreover, media impacts are not always effective in lowering 
the disease transmission during the entire outbreak, but switch on and off in a highly nonlinear fashion 
with the greatest effect during the early stage of the outbreak. The finding draws the attention to the 
important role of informing the public about `the rate of change of case numbers’ rather than `the 
absolute number of cases’ to alter behavioral changes, through a self-adaptive media impact switching on 
and off, for better control of disease transmission. Furthermore, statistically significant correlations 
between the number of new hospital notifications during the 2009 A/H1N1 influenza epidemic in the 
Shaanxi province of China and the number of daily news items added to eight major websites  were 
found from Pearson correlation and cross-correlation analyses.
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Bifurcation phenomena appearing in a system of intraguild predation
and persistence of consumers and predators

Intraguild predation (IGP) is defined as killing and eating of prey by predators that share
common resources with the prey (Holt and Polis 1997). Intraguild predation is known as a
common component of food webs (Polis et al. 1989, Arim and Marquet 2004).

The dynamics in models of IGP has been invesitigated in numerous papers (eg., Holt and Polis
1997, McCann and Hastings 1997, Křivan and Diehl 2005, Tanabe and Namba 2005, Amarasekare
2007, Namba et al. 2008). Since IGprey is preyed upon by IGpredator, a necessary condition
for coexistence of IGprey and IGpredator is that IGprey is more efficient in resource use than
IGpredator (Holt and Polis 1997).

In the three-species Lotka-Volterra model of intraguild predation (Holt and Polis, 1997), IG-
predator or IGprey is excluded respectively at low and high productivity, and they can only
coexist at intermediate productivity. However, empirical results do not support exclusion of IG-
prey at high productivity (Holt and Polis 1997, Amarasekare 2007). Thus, the prevalence of
intraguild predation in productive environments has long been puzzling ecologists (Holt and Polis
1997, Amarasekare 2007).

In a usual scenario, as the carrying capacity of the basal prey increases, first, a IGprey-
basal prey steady state bifurcates from the basal-prey only steady state and then a three-species
coexistence state bifurcates. Next, the coexistence state loses stability and coalesces with the
state lacking IGprey. Thus, IGprey becomes extinct at high productivity.

However, due to the nonlinear nature of the model, a variety of oscillatory phenomena occur,
in particular when the functional responses are of the Holling’s type II. As the productivity
increases, supercritical or subcritical Hopf bifurcation occurs from the branch of the coexixtence
steady state and a stable or unstable limit cycle appears. When the bifurcation is subcritical,
the branch of unstable limit cycles coalesces with a branch of stable limit cycles (saddle–node
bifurcation of limit cycles or fold bifurcation of limit cycles). In these limit cycles, IGprey never
goes to extinction if the basal prey is not sufficiently profitable for IGpredator to survive solely
depending on the basal prey.

When both the basal prey and IGprey are not profitable for IGPredator, density of IGpredaor
in three-species limit cycles decreases as productivity increases and finally the lmit cycle loses
stability and coleases with the boundary basal prey-IGprey limit cycle (transcritical bifurcation
of limit cycles). In this case, not IGprey but IGpredator becomes extinct at high productivity.
Therefore, a variety of bifurcation phenomena appear in this model and they are intimately
related to persistence of IGprey and IGpredator.
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Theoretical analysis of a class of dynamic model describing growth of
Algae

In this paper, based on "Liebig’s law of the minimum" and standard chemostat model with
one species of microorganism and two types of nutrients (nitrogen source and phosphorus source),
a class of dynamic model describing growth of Algae is proposed. In the model, the effect of the
resource ratios on the growth of the microorganism is considered. First, the existence of the
equilibria is discussed in details. Then, the conditions for stability of the equilibria and existence
of Hopf bifurcation are given. Finally, by numerical simulations, the parameters in the model are
determined. It is shown that the trajectories of the model fit the experimental data quite well.
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Normal Forms for an Age Structured Model 
 
 In this paper, we apply the recently developed normal form theory for abstract Cauchy problems 

with non-dense domain in Liu, Magal and Ruan (Journal of Differential Equations 257 (2014), 921-
1011) to study normal forms for an age structured model. We provide detailed computations for the 
Taylor's expansion of the reduced system on the center manifold, from which explicit formulae are given 
to determine the direction of the Hopf bifurcation and the stability and amplitude of the bifurcating 
periodic solutions.  
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Lyapunov functionals and global properties for viral infection models
with delay

We study the asymptotic behavior of the solutions of the delay differential equations models
for viral infection. The Lyapunov functionals are very useful for the analysis of those properties.
For delay differential equations, McCluskey[2] showed the useful technique using the integration
term to construct Lyapunov functionals for delay differential equations.

However there exist some mathematical difficulties because the delay is infinitely distributed.
We solve these problems as rigorous as possible. Appropriate phase space and persistence theory[1]
are considered.

These discussion will be applied to the analysis of the complicated multistrain model.
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Modeling age-structured HIV infection dynamics with both
virus-to-cell infection and cell-to-cell transmission

Recent studies reveal that cell-to-cell transmission via formation of virological synapses might
contribute significantly to virus spread. Age-structured models can be employed to study the
variations in modeling the death rate and virus production rate of infected cells. Some basic
mathematical arguments are achieved by using functional-analytic approaches. The global sta-
bility of equilibria, depending on basic reproduction number is obtained by constructing suitable
Lyapunov functions.
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Lyapunov functional approach for an SIR epidemic model with
Laplacian

The construction of Lyapunov functions for epidemic models with spatial heterogeneity is
known to be a challenging task. In this study, we consider a space-structured SIR epidemic
model with Laplacian for two cases such that only susceptible individuals can diffuse and only
infective individuals can diffuse, respectively. Based on a discretization approach, we obtain a
suggestion of the form of candidate Lyapunov functions and show that the global asymptotic
stability of each equilibrium of the model is determined by the basic reproduction number.
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Asymptotic behaviour of solutions for virus dynamics models with
diffusion

In this talk, we consider virus dynamics systems with diffusion, for example,
∂u1

∂t
= d1∆u1 + λ−mυ1 − βu1u3,

∂u2

∂t
= d2∆u2 + βu1u3 − au2,

∂u3

∂t
= d3∆u3 + aru2 − bu3,

(1)

with ui = ui(x, t), t � 0, x ∈ Ω, where Ω is a bounded set in R3, with smooth boundary. Here u1,
u2, and u3 denote the populations of uninfected cells, of infected cells, and of infectious agents,
respectively. On the boundary of the domain, we impose the Neumann condition:

∂ui

∂ν
= 0 on ∂Ω (i = 1, 2, 3).

For the ODE model that corresponds to the model (1), a Liapunov function is obtained by
Korobeinikov [1]. We can employ the Liapunov function for the system (1), and investigate
the asymptotic behaviour of the solutions of the systems. In addition, we can use the methods
described in [2], and obtain some basic results.
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Relative coordinate representation and biphasic nature of tissue deformation 
dynamics during organ morphogenesis 

 
In many organs, spatial structures have their specific proportions, or in other words, spatial patterns scale 
with their sizes. This suggests that, in the spatial patterning during organ development, relative positions 
of cells in the whole tissue are often more important rather than absolute positions such as the distance 
from one end of the focal tissue. In general, during organ morphogenesis, tissue deformation 
characteristics such as volume growth rate and deformation anisotropy strongly depend on space and 
time, which would cause the change in relative position of each cell in a developing tissue. Thus, 
analyzing tissue deformation dynamics from the viewpoint of relative position, not absolute position, 
would provide useful information for understanding mechanisms of spatial patterning in a growing tissue.
In this study, we first derive a relative coordinate representation of tissue deformation dynamics, by 
which we see that tissue growth dynamics can be regarded as velocity field in non-growing tissues. Then 
we also apply this formulation to real data on tissue deformation dynamics for chick limb development 
that we quantified in a previous study, and we also provide new interpretations of the resultant equation 
from the viewpoint other than tissue growth.  
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Modeling cellular motion in vertebrate somitogenesis based on embryonic imaging 

data 
 
During development embryos undergo massive tissue organization involving cell movement. In most of 
developmental processes cell movement and intercellular signaling occur simultaneously. Little is known 
about how cell movement affects a consequence of intercellular interactions. When the time scale of 
movement is similar or faster than that of intercellular signaling, strong effects of cell movement on 
signaling could be expected. The somitogenesis of zebrafish embryos may provide a system to test the 
influences of cell movement on intercellular signaling. 
 
In vertebrate development, the timing of somite formation is set by rhythmic gene expression, a 
segmentation clock, in the presomitic mesoderm (PSM). The oscillation of gene expression is 
synchronized across a population of cells by intercellular interactions through Delta-Notch signaling to 
generate a reliable rhythm. Cells in the PSM can move around, exchanging neighbors over time. Thus, 
cells in the tissue can be considered as a population of mobile coupled oscillators. Previous theoretical 
studies [1, 2] suggested that cell movement could enhance synchronization of rhythmic gene expression. 
Although cell movement in the vertebrate PSM has been quantified previously, it is still unclear whether 
the time scale of cell movement in the tissue is actually fast enough to affect synchronization as 
predicted by theory.  
 
Here we quantify relative cell movement in the zebrafish PSM and test if cell movement can influence 
synchronization. We automatically track cells in live images at single-cell resolution and construct a 
velocity vector field to compute a strain rate tensor that quantifies relative cellular movement. Spatial 
profiles of the tensor indicate a gradient of the magnitude of relative cellular movement along the 
anterior-posterior axis of the PSM where the magnitude is greater in posterior than in anterior. Then, we 
compute the time evolution of distances between neighboring cells, and fit a mathematical model to the 
data to reproduce cell movement by numerical simulations. The model includes spontaneous cell 
movement, cell polarity dynamics, physical forces between cells and random nuclear motions in a 
cytoplasm. The parameters in the model are determined by fitting the model to the data with the 
Approximate Bayesian Computation.   
 
Finally, we test whether the movement influences synchronization by simulating a coupled phase 
oscillator model, for which parameters have been estimated previously, in the presence of reproduced 
cellular movement. We find that the reproduced movement actually enhances synchronization of the 
coupled phase oscillators. Thus, our result suggests that the timescale of cell movement in the PSM 
would indeed be fast enough to affect the rhythmic gene expression. 
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Mathematical model for development of neural circuit  
based on chemotaxis of growth cone 

 
 
The nerve growth cone is bi-directionally attracted and repelled by the same cue molecules depending on 
the situations, which could be crucial for establishing matured neural circuits during development, while 
other non-neural chemotactic cells usually show uni-directional attraction or repulsion toward their 
specific cue molecules.  This bi-directional migration is primarily regulated by complex intracellular 
Ca2+ signaling.  However, its molecular basis in the growth cone, and how is the growth cone differed 
from other non-neural cells remain unclear.  Toward these questions, we developed a theory for 
describing chemotactic response based on a mathematical model of intracellular signaling consisting of 
activator and inhibitor of an effector whose polarity determines the migration direction.  Our theory 
clarified that attraction and repulsion are determined by balance between activator and inhibitor, and that 
uni- and bi-directional responses are determined by dose-response profiles of activator and inhibitor to 
the guidance cue.   Our model also unexpectedly predicted tri-phasic turning response of the growth cone 
depending on intracellular Ca2+ level.  Actually, our growth cone turning assays and Ca2+ imaging 
analyses demonstrated tri-phasic bi-directional turning as the Ca2+ level increased.  We furthermore 
performed a reverse-engineering analysis to identify the specific signaling model incorporating balanced 
regulation between CaMKII (activator) and PP1 (inhibitor), and validated it by reproducing turning 
assays even with inhibitions of CaMKII and PP1.  Thus, our study implies that the balance between 
activator (CaMKII) and inhibitor (PP1) underlies the complicated regulation scheme of multi-phasic bi-
directional growth cone turning.  
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Pattern Formation controlled by Size and Shape : A way to change a
cell’s destiny without genetic manipulation

Pattern formation in the development biology is one of the fundamental process for cells to
change their functions and produce a diversity. Cells communicate each other using an exter-
nal signal such as extracellular morphogen or a direct cell-to-cell contacting via receptor-ligand
binding. Such communication is not an instant chemical reaction but a phased process includ-
ing intercellular and intracellular dynamics. Nonetheless, many of existing models for pattern
formation have been neglected the intracellular dynamics and tried to understand a mechanism
of cellular pattern formation without cell itself. In particular, it is not obvious how the physical
environments of biochemical molecules placed such as the cell geometry or phased structure of
the membrane and cytosol are significantly related with a robust pattern formation.

We here suggest a novel method for multi-scale modelling using the phase-field method by
which a bio-chemical dynamics can be directly observed with explicitly expressed cell structure
and geometry in high dimensions. Using the new multi-sale model, we suggest a novel mechanism
of symmetry breaking for the cell asymmetry and pattern formation, through reconsidering the
pattern formation of the lateral inhibition via notch-delta signalling pathway. We show that a cell
geometry or size can critically influence the determination of cell destiny and pattern formation
in tissue level, and the area of cell-to-cell contacting surface can directly give an effect on the
spatial range of patterning in tissue.
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Joint estimation of the transmissibility and virulence of Ebola virus disease 
 
 During the course of an emerging infectious disease epidemic, two urgent epidemiological tasks are 
to quantify the transmission potential and severity of infection. The former is frequently measured by the 
basic or effective reproduction number, the average number of secondary cases produced by a typical 
primary case. The latter is measured by the case fatality risk, the conditional probability of fatal outcome 
(i.e. death) given disease or infection. When the reporting rate varies as a function of calendar time, 
statistical estimation of both metrics is particularly prone to the reporting (or ascertainment) bias. The 
time dependent variation in the reporting rate was especially the case for Ebola virus disease epidemic, 
because the number of cases growed exponentially in summer 2014 and surveillance system to record 
and register cases was not substantial. To address the time-dependent changes in the ascertainment, here 
we devise a method that permits us to estimate both metrics jointly. This can be attained by using both 
case and death data as a function of calendar time. Not only the methodological details, but we will 
discuss advantages of the proposed methods and potential drawbacks of applying joint estimation. 
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Modeling Ebola Virus Dynamics: Implications for Therapy

EBOV RNA levels in the blood increases rapidly, and after reaching a peak (or plateau level), the 
RNA copies declines until it falls below the detection limit (6,200 RNA copies/ml of serum). The RNA 
levels in the blood in patients who died are on average 100-fold higher than those in patients who 
survived. And, 108 RNA copies/ml is considered as an approximate threshold which predicts a fatal 
outcome with a positive predictive capability of >90%. Here we quantitatively analyze the mean EBOV 
RNA copies/ml of serum from 18 survivors (non-fatal case) and 27 nonsurvivors (fatal case) after the 
onset of symptoms, and revealed EBOV dynamics. Furthermore, based on our mathematical model and 
estimated parameter values, we would like to investigate how delay of treatment initiation, or how 
incomplete blocking of virus replication affect the clinical outcomes of EBOV patients depending on the 
mechanism of action for antiviral drugs or vaccines.

This is a joint study with Alexey Martyushev (Centre for Vascular Research, University of New South 
Wales, Sydney, New South Wales 2052, Australia), Shinji Nakaoka (Department of Global Health 
Policy, Graduate School of Medicine, The University of Tokyo, Tokyo 1130033, Japan), Catherine A. A. 
Beauchemin (Department of Physics, Ryerson University, Toronto M5B 2K3, Canada), Kei Sato
(Laboratory of Viral Pathogenesis, Institute for Virus Research, Kyoto University, Kyoto, Kyoto 
6068507, Japan. 5CREST, JST, Kawaguchi, Saitama 3320012, Japan), Takeshi Noda (Division of 
Virology, Department of Microbiology and Immunology, Institute of Medical Science, University of 
Tokyo, Tokyo 1088639, Japan).
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Pathogen adaptation to seasonal forcing with varying latent periods 
 
 Pathogens are expected to have been adapted to their seasonal environment in numerous ways. The 
prolonged latent period of P. vivax malaria in temperate region is considered to be an adaptation strategy 
to the seasonal environment as well. Assuming that pathogens are capable of mutations that modify the 
latency in the infected host, in our evolutionary model, we consider the length of the latent period as a 
trait expressed by a single parameter, and study its evolution in a seasonal environment.  
 

One of our key findings is that the reproduction number and the invariant fitness depend on the 
length of latency in a non-monotone way. Using the tools of adaptive dynamics, we explore the direction 
of the evolution depending on the length of the transmission season, and predict the result of the long-
term evolution process by subsequent invasions and substitutions. It is shown that the coexistence of two 
different traits is possible in seasonal environment, but the coexistence is evolutionarily unstable. We 
identify evolutionary convergence and stable strategies on a pairwise invasibility plot (PIP) with various 
transmissible season lengths. We conclude that the short season length leads to longer latency. The result 
can explain the observed geographical distribution of latency. 
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Tajima's D reveals difference in evolutionary dynamics of influenza A viruses in 
their natural and non-natural hosts. 

 
 Understanding of the host-specific evolutionary dynamics of influenza A viruses is important for 
the control of avian and human influenza. Here, we calculated Tajima's D of avian and human influenza 
A viruses through a systematic review of viral sequences registered in the National Center for 
Biotechnology Information (NCBI). To avoid the bias from population subdivision, viral sequences were 
stratified according to their sampling locations. By analyzing 6,782 nucleotide sequences of influenza 
viruses, we found that Tajima’s D values of viral sequences were different depending on hosts and gene 
segments. Tajima’s D values of viruses isolated from chicken and human samples showed negative, 
suggesting purifying selection or a rapid population growth of the viruses. Tajima’s D values of PB2, 
PB1, PA, NP, and M genes of the viruses circulating in wild mallards were close to zero, suggesting that 
these genes have undergone neutral selection in constant-sized population. On the other hand, Tajima’s 
D values of HA and NA genes of these viruses were positive, indicating HA and NA have undergone 
balancing selection in wild mallards. Taken together, these results indicated the existence of the 
unknown factor that maintains viral subtypes in wild mallards.  
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Estimating disease burden of seasonal influenza in Japan 
 
 
 Influenza is a contagious respiratory disease caused by influenza viruses. It can cause mild to 

severe illness, and sometimes it leads to death.  In Japan, it is estimated that the number of deaths caused 

by seasonal influenza reaches to thousands in previous studies. 

 

 The purpose of present study is to elaborate the disease burden caused by influenza, mainly 

attributable to seasonal influenza, employing various robust models. We analyze the datasets of 

secondary data, containing census data and national surveillance reports, to quantify the disease burden. 

[1][2] 

 Here we suggest a preliminary estimate of the disease burden (e.g. mortality) we obtained using 

modeling techniques. 
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Estimating disease burden of seasonal influenza in Japan 
 
 
 Influenza is a contagious respiratory disease caused by influenza viruses. It can cause mild to 

severe illness, and sometimes it leads to death.  In Japan, it is estimated that the number of deaths caused 

by seasonal influenza reaches to thousands in previous studies. 

 

 The purpose of present study is to elaborate the disease burden caused by influenza, mainly 

attributable to seasonal influenza, employing various robust models. We analyze the datasets of 

secondary data, containing census data and national surveillance reports, to quantify the disease burden. 

[1][2] 

 Here we suggest a preliminary estimate of the disease burden (e.g. mortality) we obtained using 

modeling techniques. 
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A stochastic model for description of infectious disease spread over a local area

Sales amount data of anti-viral drug is useful in capturing local epidemic of an infectious disease 
(e.g. influenza) in the scale of a city or village, particularly when surveillance data is not available.   A 
behavior of epidemic in this scale is very stochastic.   Observing the time course of drug sales in 
pharmacies, we find that the epidemic duration changes every year but the order of epidemic arrival 
among cities may not be completely random.  In this study, we have built a stochastic model based on 
multi-compartment SIR model in order to describe such a stochastic nature observed in drug sales data of 
fifty pharmacies in ten cities of Tochigi prefecture.    A similarity between simulation results and the 
observation are compared in terms of (1) rank correlation coefficient and (2) epidemic duration.
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Social dilemma with vaccination behavior of people facing epidemics

Pre-emptive vaccination is one of the most effective public health measures for preventing and 
controlling the spreading of the vaccine-preventable diseases such as the flu [1]. However, a voluntary 
vaccination policy can lead to conflict between the rational decision-making of each individual against 
such diseases and the optimum vaccination level of the entire society (the population), that is the level 
for herd immunity. This is the so-called vaccination dilemma, which is commonly known in the field of 
epidemiology as one of the acute social dilemmas.

To characterize such vaccination dilemma, Bauch et al. developed a unified framework by 
combining a game theoretic framework with epidemiological dynamics to describe the voluntary 
vaccination behavior of individuals facing epidemics [2,3]. This is the so-called vaccination game. In the 
aftermath, researchers revealed in the case of certain vaccine-preventable diseases like seasonal flu that 
the aforementioned dilemma certainly occurs, that is, the vaccination level at the Nash equilibrium is 
inconsistent with that of the group optimum [2–4]. These early studies dealing with such matter including 
[2,3] assumed that the population is homogeneously mixed and that individuals behave fully rationally as
they make decisions to pursue maximum personal utility (payoff) based on their perceived risks. As 
extending these studies, Fu et al. studied voluntary vaccination behavior of individuals based on adaptive 
imitation behavior on social networks by applying evolutionary game theoretic framework [4].

On the other hand, many studies with respect to evolutionary games including prisoner’s dilemma 
game (which is one of different dilemma games from vaccination one), mainly discussed emergence and 
evolution of cooperative behavior in a population, see for example [5,6]. In order to reflect these
previous studies regarding the vaccination game and the evolutionary games, in this talk, I will provide 
two topics [7,8] among our recent studies obtained from agent-based simulations on vaccination game in 
social networks by applying their findings on evolutionary games [5,6]. As the first topic, we present our 
study how the presence of stubborn (zealous) vaccinated or unvaccinated individuals who are 
intransigent about their own vaccination strategy can affects other individuals’ decision-making vis-à-vis 
whether or not to get a vaccine themselves, as well as the spreading of infectious disease [6,8]. And as 
the other topic, we consider the vaccination dynamics of structured populations whose members 
simultaneously belong to two types of networks: disease transmission and information propagation [5,7].
Here the information propagation network is used for individuals’ strategy adaptation with vaccination. 
We study the influence of multiplicity in networks on each individual’s decision and epidemic spreading.
The present study can be regarded as an application study to examine how the previous findings on 
evolutionary games can be effective to resolve such vaccination dilemma which exists in human society.
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Evolution of coordinated cooperation

Public goods game provides an excellent empirical and theoretical framework to consider how
to overcome social dilemmas and establish mutual cooperation. Empirical evidence suggests that
people tend to cooperate in a public goods game if others cooperate[1,2]. However, such coordi-
nated behavior makes little sense from the viewpoint of payoff maximization, because avoiding
the cost of cooperation, or so-called defection, is always the better strategy in the public goods
game irrespective of how many others cooperate. One possible explanation is that being one of
the few cheaters raises the risk of being punished, and therefore people tend to cooperate when
others do so. Such an explanation, however, presupposes extrinsic factors, such as the existence
of punishing opportunity or the chance of reputation formation after the game.

Using the framework of evolutionary game theory, here I show that coordinated cooperation
can be maintained without any externality. If coordinated cooperators initially exist in the
population, they are stably maintained at a polymorphic equilibrium with either unconditional
cooperators, unconditional defectors, or both. This surprising result is quite in contrast to the
case without coordinated cooperators, in which unconditional defection always prevails in the
population. The analysis of finite populations also supports the result.
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Cooperation among behaviorally heterogeneous players in social dilemma with 
stay or leave decisions

Given the substantial evidence of behavioral heterogeneity in social dilemma experiments, in 
this study we consider how to achieve cooperation in n-player prisoner’s dilemma situations where each 
player has one behavioral type, either selfish or conditionally cooperative. We introduce a two-stage 
game form called the stay-leave mechanism, where each cooperator has the chance to revise his choice 
when players’ choices are not unanimous. For homogeneous behavioral type cases, theory predicts that 
the unique outcome is cooperative under the stay-leave mechanism, regardless of the benefit derived 
from cooperation. For heterogeneous behavioral type cases, we show that the benefits of cooperation 
shrink such that the unique outcome is cooperative under the stay-leave mechanism if the number of 
conditionally cooperative players increases. The average cooperation rate in the stay-leave mechanism 
experiment is 86.6% across 15 periods, which increases to 96.0% after period 5. We also provide 
evidence that selfish and conditionally cooperative types coexist throughout the sessions, in the 
proportion that the equilibrium outcome is cooperative. Our results corroborate the importance of 
incorporating behavioral heterogeneity into institutional design.
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On the concept of cultural social dilemma 
 and a paradox concerning cumulatively evolving culture 

 
Culture refers to information transmitted over generations by means of social learning and is found in 
many animals. Only humans, however, has cumulatively evolving culture, which supposedly made this 
species exceptionally successful.  Given its obvious advantages, the absence of cumulative culture in 
other animals has been a challenge to the theory of natural selection. Recently, a series of theoretical 
papers have revealed that cumulative culture involves a social dilemma between individuals of different 
generations [1, 2, 3], which has been termed a cultural social dilemma (CSD) [3]. The CSD occurs 
because culture is usually a public good that is free exploited by any member of the population while it 
requires costly contributions from at least some members. The unique, surprising feature of the CSD is, 
however, that even complete privatization of the good, i.e. culture, by exclusive vertical transmission 
does not entirely solve the dilemma because of the time delay between investments and returns. The 
delay matters because in a finite population, contrary to intuition, the genetic relatedness [4] between an 
individual and its descendants decreases with the number of generations between them even if the latter 
are clonal copies of the former. Thus, natural selection discounts interaction between distant generations, 
and this discounting factor must be taken into account in the calculation of inclusive fitness [4]. The 
discounting factor turns out to be 1/N, i.e. the reciprocal of the population size, per generation in a well-
mixed population. Thus, in a small or only reasonably sized population, natural selection is unexpectedly 
insensitive to interaction between distant generations. Culture can accumulate largely if every generation 
elaborately contributes to culture in favor of the welfare of descendants in the distant future. Such a state 
has however turned out to be evolutionarily unstable. This conclusion is contradictory to our intuition 
that human culture is an accumulation of contributions from distant past generations and has been 
selected for by its genetic advantages. 
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When does competition among individuals promote 
 cumulative cultural evolution? 

 Culture refers to information transmitted over generations by means of social learning and is 
found in many animals. Only humans, however, has cumulatively evolving culture, which supposedly 
made this species exceptionally successful. Given its obvious advantages, the absence of cumulative 
culture in other animals has been a challenge to the theory of natural selection. Recently, a series of 
theoretical papers have revealed that cumulative culture involves a social dilemma between individuals 
of different generations [1, 2, 3], which has been termed a cultural social dilemma (CSD) [3]. The CSD 
occurs because culture is usually a public good that is freely exploited by any member of the population 
while it requires costly contributions from at least some members.  
 Several studies [2, 3] (including the talk by Kobayashi in this symposium) have shown that 
standard mechanisms such as interaction among kin are not strong enough to explain the evolution of 
learning strategy that can realize cumulative cultural evolution over many generations. Actually, these 
mechanisms do work to solve CSD but we need to assume an extreme situation (for example, vertical 
transmission rate being 99%) to theoretically support a realistic level of cultural accumulation (for 
example, modern human culture being a result of accumulation over 100+ generations). In short, CSD is 
a kind of social dilemma which is more difficult to solve than standard social dilemma that occurs within 
a single generation. The difficulty of CSD largely depends on the fact that individual contribution to 
culture has a weak effect in the generation of the focal individual (although such contribution has a large 
effect in future through accumulation over generations). Genetic evolution prefers advantageous strategy 
in a given generation, so a contributing strategy is unlikely favored by selection. In this talk, we show 
some results in cases where fitness function depends on relative cultural level of a focal individual rather 
than absolute level as was assumed in previous models. We show that such non-linearity in culture-
fitness mapping can be a candidate to solve CSD. 

REFERENCES

[1] Lehmann, L., Wakano, J.Y., Aoki, K., 2013.Onoptimal learning schedules and the marginal value of cumulative 
cultural evolution. Evolution 67: 1435–1445. 
[2] Wakano, J. Y., Miura, C., 2014. Trade-off between learning and exploitation: the Pareto-optimal versus 
evolutionarily stable learning schedule in cumulative cultural evolution. Theor. Popul. Biol. 91: 37–43. 
[3] Kobayashi, Y., Wakano, J. Y., Ohtsuki, H., 2015. A paradox of cumulative culture. J. Theor. Biol. 379: 79-88. 



- 115 -

 
Yutaka Kobayashi 
Kochi University of Technology, Kochi, Japan 
e-mail: kobayashi.yutaka@kochi-tech.ac.jp 
 

Joe Y. Wakano 
Meiji Institute for Advanced Study of Mathematical Sciences, Tokyo, Japan 
 
Hisashi Ohtsuki 
The Graduate University for Advanced Studies, Kanagawa, Japan 
 
 

On the concept of cultural social dilemma 
 and a paradox concerning cumulatively evolving culture 

 
Culture refers to information transmitted over generations by means of social learning and is found in 
many animals. Only humans, however, has cumulatively evolving culture, which supposedly made this 
species exceptionally successful.  Given its obvious advantages, the absence of cumulative culture in 
other animals has been a challenge to the theory of natural selection. Recently, a series of theoretical 
papers have revealed that cumulative culture involves a social dilemma between individuals of different 
generations [1, 2, 3], which has been termed a cultural social dilemma (CSD) [3]. The CSD occurs 
because culture is usually a public good that is free exploited by any member of the population while it 
requires costly contributions from at least some members. The unique, surprising feature of the CSD is, 
however, that even complete privatization of the good, i.e. culture, by exclusive vertical transmission 
does not entirely solve the dilemma because of the time delay between investments and returns. The 
delay matters because in a finite population, contrary to intuition, the genetic relatedness [4] between an 
individual and its descendants decreases with the number of generations between them even if the latter 
are clonal copies of the former. Thus, natural selection discounts interaction between distant generations, 
and this discounting factor must be taken into account in the calculation of inclusive fitness [4]. The 
discounting factor turns out to be 1/N, i.e. the reciprocal of the population size, per generation in a well-
mixed population. Thus, in a small or only reasonably sized population, natural selection is unexpectedly 
insensitive to interaction between distant generations. Culture can accumulate largely if every generation 
elaborately contributes to culture in favor of the welfare of descendants in the distant future. Such a state 
has however turned out to be evolutionarily unstable. This conclusion is contradictory to our intuition 
that human culture is an accumulation of contributions from distant past generations and has been 
selected for by its genetic advantages. 
 

REFERENCES 
 

[1] Lehmann, L., Wakano, J.Y., Aoki, K., 2013.Onoptimal learning schedules and the marginal value of cumulative 
cultural evolution. Evolution 67: 1435–1445. 
[2] Wakano, J. Y., Miura, C., 2014. Trade-off between learning and exploitation: the Pareto-optimal versus 
evolutionarily stable learning schedule in cumulative cultural evolution. Theor. Popul. Biol. 91: 37–43. 
[3] Kobayashi, Y., Wakano, J. Y., Ohtsuki, H., 2015. A paradox of cumulative culture. J. Theor. Biol. 379: 79-88. 
[4] Hamilton, W. D., 1964. The genetical evolution of social behavior. I. J. Theor. Biol. 7: 1-16. 

Joe Yuichiro Wakano 
Graduate School of Advanced Mathematical Sciences, Meiji University, Tokyo, Japan  
e-mail: joe@meiji.ac.jp

Yutaka Kobayashi 
Kochi University of Technology, Kochi, Japan 

Hisashi Ohtsuki 
The Graduate University for Advanced Studies, Kanagawa, Japan 

When does competition among individuals promote 
 cumulative cultural evolution? 

 Culture refers to information transmitted over generations by means of social learning and is 
found in many animals. Only humans, however, has cumulatively evolving culture, which supposedly 
made this species exceptionally successful. Given its obvious advantages, the absence of cumulative 
culture in other animals has been a challenge to the theory of natural selection. Recently, a series of 
theoretical papers have revealed that cumulative culture involves a social dilemma between individuals 
of different generations [1, 2, 3], which has been termed a cultural social dilemma (CSD) [3]. The CSD 
occurs because culture is usually a public good that is freely exploited by any member of the population 
while it requires costly contributions from at least some members.  
 Several studies [2, 3] (including the talk by Kobayashi in this symposium) have shown that 
standard mechanisms such as interaction among kin are not strong enough to explain the evolution of 
learning strategy that can realize cumulative cultural evolution over many generations. Actually, these 
mechanisms do work to solve CSD but we need to assume an extreme situation (for example, vertical 
transmission rate being 99%) to theoretically support a realistic level of cultural accumulation (for 
example, modern human culture being a result of accumulation over 100+ generations). In short, CSD is 
a kind of social dilemma which is more difficult to solve than standard social dilemma that occurs within 
a single generation. The difficulty of CSD largely depends on the fact that individual contribution to 
culture has a weak effect in the generation of the focal individual (although such contribution has a large 
effect in future through accumulation over generations). Genetic evolution prefers advantageous strategy 
in a given generation, so a contributing strategy is unlikely favored by selection. In this talk, we show 
some results in cases where fitness function depends on relative cultural level of a focal individual rather 
than absolute level as was assumed in previous models. We show that such non-linearity in culture-
fitness mapping can be a candidate to solve CSD. 

REFERENCES

[1] Lehmann, L., Wakano, J.Y., Aoki, K., 2013.Onoptimal learning schedules and the marginal value of cumulative 
cultural evolution. Evolution 67: 1435–1445. 
[2] Wakano, J. Y., Miura, C., 2014. Trade-off between learning and exploitation: the Pareto-optimal versus 
evolutionarily stable learning schedule in cumulative cultural evolution. Theor. Popul. Biol. 91: 37–43. 
[3] Kobayashi, Y., Wakano, J. Y., Ohtsuki, H., 2015. A paradox of cumulative culture. J. Theor. Biol. 379: 79-88. 

CJK-J5



- 116 -

Hee-Dae Kwon
Department of Mathematicas 
Inha University, 100 Inharo, Nam-gu
Incheon, 402-751, South Korea
e-mail: hdkwon@inha.ac.kr

Feedback Control of an HBV Model Based on Differential Evolution and Kalman 
Filter

In this talk, we investigate viral dynamics of hepatitis B using a mathematical model which is in the form 
of a system of ordinary differential equations. We show that the proposed model has one virus-free 
steady state and a chronic steady state. We conduct a local stability analysis of these steady states based 
on the basic reproduction number. A model predictive control (MPC) based on the differential evolution 
(DE) method is proposed to design (sub)optimal treatment regimes. In addition, the problem of 
implementing the DE methodology and the extended Kalman filter (EKF) with inaccurate or incomplete 
observation data and long measurement periods is addressed. Numerical results indicate the effects of 
two types of dynamic treatments representing reverse transcriptase (RT) inhibitors and protease 
inhibitors (PIs) in minimizing both the virus population and infected cells.
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Modeling the Transmission Dynamics of HIV-1 with Multiple Delays

In this work, we develop a delayed HIV-1 mathematical model by introducing delays in direct contact term, 
disease transmission rate and in the antigenic stimulation, respectively. We first investigate the well posedness of 
the proposed model and then find its equilibria. For the different values of the basic reproduction number, we 
investigate the stability of the infection-free equilibrium, the single-infection equilibrium and the double infection 
equilibrium. We conclude that increasing delays will decrease the values of the basic reproduction number. Our 
results have potential applications in HIV-1 therapy.
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Effect of Mosquito Feeding Behaviors on Mosquito-borne Diseases

The dynamics of mosquito-borne disease is guided by mosquito-host interaction which is naturally 
altered through mutation by parasites/virus. Although there have been many researches on mosquito-
borne diseases, the role of mutated mosquito behaviors is still ambiguous and hazy. 
In this talk, we will discuss following two questions:
Q1: Does the parasite/virus infection affect the dynamics in the transmission of the mosquito-borne 
disease?
Q2: Does it necessary to alter the control strategies for reducing the mosquito-borne disease when we 
consider the mosquito feeding behaviors?
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Estimation of Natural and Fishing mortality: Application to sailfin sandfish in the 

Eastern Coastal Areas of Korea

Estimating of natural and fishing mortality is important and difficult to study in fisheries stock assessment. The 
traditional assumption of a constant mortality may be appropriate when only mature fish considered in the 
assessment. In recently, the size-dependent mortality model for juveniles may be extended into the adult age 
groups so that we assumed a theoretical natural mortality curve using the size-dependent mortality model. And 
we propose an impulsive stage-structured model for sandfish to estimate natural and fishing mortality for any 
initial value using catching data. The estimated natural mortality M0 ranged from 3.40yr-1 to 3.55yr-1 for some 
initial total biomass ranged from 6500 to 9000. Average of fishing mortality for age 2 and 3 is estimated from 
0.5yr-1 to 1yr-1 in year. Finally we compared the results of previous studies with our result.
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Analysis of clustering behavior of ants 
 
 We investigate clustering behavior of a crowd of ants by analyzing experimental images. 
Hundreds of ants explore in a squared area without any food and start to gather around to form several 
clusters due to the effect of pheromones. As time evolves, clusters of ants form and disappear, eventually 
merging into one cluster. We argue that there is a characteristic scale in the cluster size, which reflects 
the competition between cluster formation and evaporation.  Additionally, we introduce a simple 
simulation model to mimic real ant behavior, which exhibits clustering behavior similar to experimental 
observation. 
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Understanding the Oligochaeta behavior: based on water temperature change and 

substrate composition 
 
 Tubifex tubifex (Tubificidae, Oligochaeta), which can be found in various kinds of aquatic 
environment, has been applied to the indicator of water quality. However, lots of researches have solely 
focused on the effects of toxicity, organic pollution, etc. There are only a few researches on the behavior 
ecology. Thus, in order to interpret its basic behaviors, we compared the activity of T.tubifex according 
to the different temperature conditions as well as the substrate preferences. In the temperature 
experiment, we observed the behaviors with changing water temperature ranging from 10oC to 30oC. In 
the low temperature (e.g., 10 oC to 14 oC), curling behavior was mainly observed with the decrease in 
their mobility. As water temperature increases, crawling behavior tended to increase with untying their 
body. In the substrate preference experiment which consist of silt-clay (<0.0625mm), very fine 
(0.0625mm-0.125mm), fine sand (0.125mm - 0.25mm), medium sand (0.25mm -0.5mm), T.tubifex 
preferred staying silt-clay following medium sand, fine sand and very fine. 
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Foraging and Feeding Behaviors of 
Susceptible and Resistant Two-Spotted Spider Mites 

  
 Analysis of movement behaviors of the indicator species has been gained attention regarding in 
situ monitoring in the environment. We analyzed traces of the two different strains (Susceptible strain 
(SS) and Resistant strain (RS)) of two-spotted mite (Tetranychus urticae) by using image processing 
system. The auto-correlation (AC) was computed to reveal coherent information residing in the time-
series trace data. The autocorrelation showed that two different strains had different behavioral patterns 
of foraging and feeding. SS showed feeding duration after approximately 6 hours while RS appeared not 
clear feeding behaviors during the observation period. In addition, distributions of linear speed and stop 
duration showed that SS moved slower than RS, but stopped longer. The results could contribute to 
developing control methods at the population level based on the behavioral monitoring to achieve safety 
and sustainability in pest management 
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Position distributions of zebrafish when exposed to stressful conditions 
 
 Zebrafish behavior was monitored based on continuous movement tracking of individuals in 
response to two conflicting stimuli, food and predators. The shape parameters (e.g., kurtosis) were 
differentiated according to source and time order (i.e., food first or predator first) of stimuli. Behavioral 
states were expressed by different degree of affectedness. Shape parameters accordingly presented 
different phases and conditions of conflict. Affectedness was further addressed by specificity of 
individuals. The order of stimuli presented to test organisms produced different impact on test organisms' 
responses, reflecting influence of previous stage to the following stage. We further discussed feasibility 
of stimuli responses of indicator animals for monitoring stressful agent in environment. 
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Gene-environmental wide association as a predictor of species distribution 
 
 Global climatic change threatens to transform biodiversity and habitat ranges of organism 
through natural selection. Number of genes and various environmental factors related to climatic change 
may drive this adaptive change. Therefore, modelling of genome-wide association between genes and 
environments are necessary to predict the ecological consequences of global climatic change. 
Restriction-site Associated DNA sequencing (RAD-seq) is a powerful new method to generate huge 
genome-wide sequencing data. This approach can be applied to non-model organisms to sequence 
thousands of loci for hundreds of individuals rapidly and at low cost, regardless of the genome size and 
previous genomic knowledge [1]. RAD-seq has been used for wide applications such phylogenetic [2], 
genome-wide identification of genes under selection and linking mapping [3], and population structure 
[4]. We generated a genomic-wide sequencing libraries of 3 species of stream insect stoneflies 
(Plecoptera) using RAD-seq of allopatric populations collected throughout Japan. We examined 
evolutionary processes of local adaptation and genomic evolution along national wide climatic gradients 
in Japan. We used 73 larval individuals among 3 stoneflies species collected for 4 geographical regions 
with varying climatic conditions in Japan: Sapporo, Sendai, Gifu and Matsuyama. Using 50 ng/ul of 
DNA extracted from each individual, libraries with specific index were generated by Illumina Hiseq 
2500. De novo assembly, read alignment and SNP discovery were conducted using stacks v 1.32 pipeline. 
The RAD library yielded 309,779,500 reads with 150 bp average length. The number of reads varied 
more than eightfold between species. We will present more detailed analysis of local adaptation along 
with model analysis of future species distribution based on allele sharing among species and regions-
specific alleles. 
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Species diversity of Trichoptera in a semi-natural Tagliament River (Italy) 
revealed by Poisson Tree Processes model 

 
 We examined DNA-based species diversity on Tagliament River in nothearstern Italy using Poisson 
tree processes (PTP) model. The Tagliament River maintain natural floodplain with natural hydrologic 
and geomorphic dynamics, so that the river is a good model system to understand the natural states of 
species diversity and relationship between species diversity and environmental heterogeneity. 
Trichoptera is one of order in aquatic insect and it shows high diversity in the world; 49 families, 616 
genera, 14,548 species are extant (Trichoptera word check list accessed 23.07.2015). However, the 
whole aspect of Trichoptera species diversity is still not disclosed. 
 In order to estimate Trichoptera species richness in Tagliament River, DNA-based species 
delineation method was employed.  597 larval samples were collected from 20 reaches along the 
longitudinal continuum (4 to 1556 m above sea level in altitude) and up to 8 different hydrological 
habitat types per reach (e.g., backwater, rapid-riffle, and pool). We extracted DNA from the samples and 
sequenced cytochrome oxidase I (COI) on mitochondrial DNA (658bp). 236 haplotypes from 597 
samples were applied to the DNA-based species boundaries delineation method; Poisson tree process 
method (PTP) (Zhang et al. 2013). The PTP method can use a simple uncalibrated tree allowing us 
shorter calculation time unlike the General Mixed Yule-Coalescent model (GMYC). 
 The maximal likelihood estimated of species richness at the whole catchment from PTP was 82 
while the Basic Local Alignment Search Tool (BLAST) based on genebank showed 56 species (17 
families). It suggested DNA taxonomy could overcome a problem of poorly prepared reference DNA 
database for barcoding and could help to reveal whole biodiversity. 
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Species diversity of Trichoptera in a semi-natural Tagliament River (Italy) 
revealed by Poisson Tree Processes model 

 
 We examined DNA-based species diversity on Tagliament River in nothearstern Italy using Poisson 
tree processes (PTP) model. The Tagliament River maintain natural floodplain with natural hydrologic 
and geomorphic dynamics, so that the river is a good model system to understand the natural states of 
species diversity and relationship between species diversity and environmental heterogeneity. 
Trichoptera is one of order in aquatic insect and it shows high diversity in the world; 49 families, 616 
genera, 14,548 species are extant (Trichoptera word check list accessed 23.07.2015). However, the 
whole aspect of Trichoptera species diversity is still not disclosed. 
 In order to estimate Trichoptera species richness in Tagliament River, DNA-based species 
delineation method was employed.  597 larval samples were collected from 20 reaches along the 
longitudinal continuum (4 to 1556 m above sea level in altitude) and up to 8 different hydrological 
habitat types per reach (e.g., backwater, rapid-riffle, and pool). We extracted DNA from the samples and 
sequenced cytochrome oxidase I (COI) on mitochondrial DNA (658bp). 236 haplotypes from 597 
samples were applied to the DNA-based species boundaries delineation method; Poisson tree process 
method (PTP) (Zhang et al. 2013). The PTP method can use a simple uncalibrated tree allowing us 
shorter calculation time unlike the General Mixed Yule-Coalescent model (GMYC). 
 The maximal likelihood estimated of species richness at the whole catchment from PTP was 82 
while the Basic Local Alignment Search Tool (BLAST) based on genebank showed 56 species (17 
families). It suggested DNA taxonomy could overcome a problem of poorly prepared reference DNA 
database for barcoding and could help to reveal whole biodiversity. 
 
 

REFERENCES 
 

[1] Trichoptera world check list. http://www.clemson.edu/cafls/departments/esps/database/trichopt/ 
[2] Zhang, J., Kapli, P., Pavlidis, P. and Stamatakis, A., 2013. A general species delimitation method with 
applications to phylogenetic placements. Bioinfomatics, 29: 2869–2876. 

CJK-K3



- 126 -




















            




    
            
      
              


    
        

            

              

 






















CJK-K3
 

Author KIM Dong-Hwan  
Department of Biology, Kyung Hee University, Seoul 130-701, Republic of Korea 
e-mail: acehwan11@gmail.com 
 

Author KWON Young-Soo  
Department of Biology, Kyung Hee University, Seoul 130-701, Republic of Korea 
 

Author CHON Tae-Soo 
Department of Biological Sciences, Pusan National University, Busan (Pusan) 609-735, Republic of 
Korea 
 

Author PARK Young-Seuk  
Department of Biology, Kyung Hee University, Seoul 130-701, Republic of Korea 
 
 

Prediction of mosquito occurrence using hidden-Markov model 
 
 Markov processes are suitable in addressing complex time series changes depending on time, 
location, and local or global state frequency. The Hidden Markov Model (HMM)s are described as 
“hidden” because the sequence of observation events is the result of a stochastic process operating on top 
of a sequence of hidden states generated by a Markov process. To investigate temporal occurrence 
patterns of mosquito communities in urban, we used the mosquito occurrence data that were collected 
using CO2-baited traps at the sampling sites in Seoul metropolitan city, Korea. The transition probability 
matrix (TPM) with same transition probability between the each state (occurrence patterns of mosquito) 
was generated as initial TPM. The emission probability matrix (EPM)s were obtained from the relation 
between the observed variables (i.e., temperature, humidity, wind speed) and mosquito occurrence 
patterns for training with the HMM. We applied the hidden Markov model (HMM) to obtain the 
estimated TPMs and EPMs that show the changing patterns of state and connection of the states with 
observable events. In order to present the prediction accuracy of HMM, estimated TPM were compared 
with real TPM calculated by mosquito occurrence data using correlation analysis. While the temperature 
and humidity showed the high accuracy for prediction of state changes (0.740 and 0.681, respectively), 
the wind speed showed the relatively low prediction probability (0.377). The usage of the HMM can 
guarantee the prediction of the mosquito occurrence states based on time sequence data of climate factors.  
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Spatial disruption of fish assemblage due to the dam construction 
 
 The effects of hydrological alterations as well as habitat fragmentation due to the dam can severely 
influence the spatial distribution patterns of lotic organisms. Thus our objective of this study was to 
describe the spatial autocorrelations based on fish assemblage along upstream-downstream gradients in 
order to quantify the spatial patterns of fish assemblage structure. Fish assemblage data and some of 
environmental data (e.g., water quality, substrate and hydrological data) were obtained from the National 
Aquatic Ecological Monitoring Program (NAEMP). Spatial data (e.g., altitude, slope, distance from the 
source, dam coordinates) were extracted from ArcGIS ver 10.0. Spatial autocorrelation based on fish 
assemblage was computed by Mantel tests which test the linear relationships among distance-based data. 
Our results suggested that the longitudinal distribution of fish was disrupted due to the dam construction 
(i.e., Mantel correogram was negative) and especially highly dispersing fish species were more affected 
by the fragmentation due to the dam. Our results suggested that fragmentation of upstream-downstream 
gradients due to the dam have continuously disrupted fish assemblage groups. 
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A novel clustering method with iterative search 
to analyze the metagenomics data for bacterial communities 

 
 Rapid developments of sequencing technology and difficulties in bacterial cell culture have 
made metagenomics analysis quite popular. However, analyzing metagenomics data by clustering has 
two main obstacles. First, the large size of data hinders us to deal with. To cluster metagenomic 
sequences, we must spend tremendous amount of computational time and resources with the 
conventional clustering techniques. Second, bacterial population experiences frequent mutations and thus 
it is hard to determine the species boundary for bacteria. The conventional clustering methods require a 
fixed threshold to cluster, but the species boundary for bacteria may differ from species to species. To 
overcome these problems, we propose a new method to measure bacterial species boundaries using the 
sequences of bacterial sequence itself. The new method also enables us to reduce computational time 
drastically as well. 
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When can Michealis-Menten or Hill functions lead accurate stochastic 
simulations?

 
 The non-elementary reaction functions (e.g. Michaelis-Menten or Hill functions) are used to reduce 
the model of biochemical network. Such deterministic reductions are frequently a basis for heuristic 
stochastic models in which non-elementary reaction functions are used as propensities of Gillespie 
algorithm. Despite their popularity, it remains unclear when such stochastic reductions are valid. Here, 
we first identify the validity condition for using non-elementary reaction functions for the stochastic 
simulations. This provides a simple and computationally inexpensive way to test the accuracy of reduced 
stochastic model. If the validity condition is satisfied, we can perform accurate and computationally 
inexpensive stochastic simulation without converting the non-elementary functions to the elementary 
functions (e.g. mass action kinetics). Considering the popularity of Michaelis-Menten or Hill functions in 
various biological models, these results will provide a useful tool to a large modeling community. 
 

REFERENCES 
 

[1] Kim, J. K., Josić, K., & Bennett, M. R. (2014). The validity of quasi-steady-state approximations in discrete 
stochastic simulations. Biophysical journal, 107(3), 783-793. 



- 131 -

 
Jae Kyoung Kim 
Department of Mathematical Sciences, KAIST, Daejeon 305-701, Korea 
e-mail: jaekkim@kaist.ac.kr 
 

Krešimir Josić 
Department of Mathematics, University of Houston, Houston, TX 77204, USA 
 
Matthew R. Bennett
Institute of Biosciences and Bioengineering, Rice University, Houston, TX, 77005, USA 

 
 

When can Michealis-Menten or Hill functions lead accurate stochastic 
simulations?

 
 The non-elementary reaction functions (e.g. Michaelis-Menten or Hill functions) are used to reduce 
the model of biochemical network. Such deterministic reductions are frequently a basis for heuristic 
stochastic models in which non-elementary reaction functions are used as propensities of Gillespie 
algorithm. Despite their popularity, it remains unclear when such stochastic reductions are valid. Here, 
we first identify the validity condition for using non-elementary reaction functions for the stochastic 
simulations. This provides a simple and computationally inexpensive way to test the accuracy of reduced 
stochastic model. If the validity condition is satisfied, we can perform accurate and computationally 
inexpensive stochastic simulation without converting the non-elementary functions to the elementary 
functions (e.g. mass action kinetics). Considering the popularity of Michaelis-Menten or Hill functions in 
various biological models, these results will provide a useful tool to a large modeling community. 
 

REFERENCES 
 

[1] Kim, J. K., Josić, K., & Bennett, M. R. (2014). The validity of quasi-steady-state approximations in discrete 
stochastic simulations. Biophysical journal, 107(3), 783-793. 

CJK-K4



- 132 -

Jung Eun Kim
Department of Mathematical Sciences, Ulsan National Institute of Science and Technology (UNIST) ,
Republic of Korea
e-mail: jkimmath1@unist.ac.kr

Text of the abstract. Wake bout durations of newborn rats are exponentially distributed but
become power law distributed within three weeks. To gain insight into network processes that
may underlie sleep-wake transitions in these animals, we developed a simple model consisting of
two mutually-inhibitory random graphs (eg. Erdös-Rényi or scale-free) of spiking nodes; the two
graphs alternate between high and low levels of activity with durations that can have either ex-
ponential or power law distribution depending upon parameters. Here we describe numerical and
analytical studies of dynamics of stochastic differential equations related to the model, including
the four-dimensional stochastic mean field equations.
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Mathematical modeling for the T helper cell differentiation with time
delay and stochasticity

Airway exposure levels of lipopolysaccharide (LPS) are known to determine type I versus type
II T helper cell induced experimental asthma. While low doses of LPS derive Th2 inflammatory
responses, high (and/or intermediate) LPS levels induce Th1- or Th17-dominant responses. We
develops a mathematical model of the phenotypic switches among three Th phenotypes (Th1,
Th2, and Th17) in response to various LPS levels. In the present work, we simplify the complex
network of the interactions between cells and regulatory molecules. The model describes the
nonlinear cross-talks between the IL-4/Th2 activities and a key regulatory molecule, transforming
growth factor β (TGF-β), in response to high, intermediate, and low levels of LPS. The model
characterizes development of three phenotypes (Th1, Th2, and Th17) and predicts the onset of
a new phenotype, Th17, under the tight control of TGF-β. Analysis of the model illustrates the
mono-, bi-, and oneway-switches in the key regulatory parameter sets in the absence or presence
of time delays. We show that the system can undergo a Hopf bifurcation at a steady state of the
Th17 phenotype for high LPS levels in the presence of time delays. Stochasticity also enables
immune responses to move into another phenotypes without time delays or spatial effects.
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Parameter Estimation and Optimal Control for drug scheduling of HIV
chemotherapy

In HIV chemotherapy, it is important to schedule a safe and efficient drug administration that
ensures a desired rate of virus decrease without overdose. We consider long-term dynamics of
cell-virus interaction in lymphocyte with a latently infected cell which is regarded as one of the
key reservoirs for HIV antigen and one of the major reasons for successive viral blips even with
highly active antiretroviral therapy(HAART). We estimate model parameters based on the clinical
data and derive suboptimal structured treatment interruption(STI) in antiviral therapy using the
concept of switching time control.
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An age-structure system for the TB transmission dynamics in Korea

Recently, new active tuberculosis (TB) cases have increased in Korea. In the previous study, a 
mathematical TB model has been proposed to investigate some key factors which explain and 
characterize the current transmission dynamics of Korean TB infection. Our previous model assumes that 
the population is homogeneous with the same susceptibility and the same infectivity. However, TB 
dynamics in different age groups is different from one another. Therefore, it is more realistic to develop 
an age-dependent model for TB transmission dynamics. In this study, we extend our previous model to
an age-structure TB model that captures different disease characteristics which dependent on age. The 
model will be fitted to the TB incidence data from Korean Center for Disease and Control. We will 
explore the role of age in the dynamics of Korean TB infection in order to get a better understanding for 
the current TB trend. Moreover, we hope that the results would give valuable insights when 
implementing the prevention or mitigation plan for the future TB epidemics in Korea.  
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The media effect on the 2009 H1N1 influenza dynamics in Korea  
 

Media is the most widely used information source in various domains of human life. This is also the 
case in getting information about infectious disease. Given that media coverage has a great influence on 
human perception and behavior, it is natural to assume that the media would affect the dynamics of 
infectious disease spread. Many researches have been conducted based on this assumption, and they have 
found that media coverage is closely related to the infectious disease dynamics. Mathematical models are 
useful in exploring this problem, and many models that incorporated the role of media into SIR-type 
model have been built and analyzed. Some of them divided the population classes and others reduced the 
transmission rate according to the media effect. While they were of great help in understanding the 
influence of media on disease spread, they have a limitation in that they did not ground their model on 
the real world cases. Overcoming this limitation, this study utilizes the real-world incidence and media 
coverage data; the H1N1 incidence data in South Korea, 2009 and the media coverage data in the same 
period. After proposing a SIR-type mathematical model which incorporates the media coverage term as a 
baseline, two models are used for analysis; one sets the media coverage term as the function of the 
number of infected person and the rate of change of it, and the other uses the media coverage data as the 
media coverage term in the equation. After calibration, various strength of media coverage is employed 
to explore how the influenza dynamics are affected. The result of this study is expected to be helpful for 
making a plan how to utilize the media under an emergency situation like influenza outbreak. 
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An age-structure system for the TB transmission dynamics in Korea

Recently, new active tuberculosis (TB) cases have increased in Korea. In the previous study, a 
mathematical TB model has been proposed to investigate some key factors which explain and 
characterize the current transmission dynamics of Korean TB infection. Our previous model assumes that 
the population is homogeneous with the same susceptibility and the same infectivity. However, TB 
dynamics in different age groups is different from one another. Therefore, it is more realistic to develop 
an age-dependent model for TB transmission dynamics. In this study, we extend our previous model to
an age-structure TB model that captures different disease characteristics which dependent on age. The 
model will be fitted to the TB incidence data from Korean Center for Disease and Control. We will 
explore the role of age in the dynamics of Korean TB infection in order to get a better understanding for 
the current TB trend. Moreover, we hope that the results would give valuable insights when 
implementing the prevention or mitigation plan for the future TB epidemics in Korea.  
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An agent-based model on the influence of media coverage on risk perception, 
vaccination behavior and influenza spread 

 
Media coverage has a great influence on people’s perception of how things are going on around 

themselves as well as in the society. This is the case with the people’s perception of influenza spread; 
media portray how severe the influenza is and how many people are already infected and expected to be 
infected. Based on this information, people alter their intention and behavior about vaccination and this 
behavior change affects the influenza dynamics. It needs to be noted that crucial assumptions underlie 
the scenario above; an individual is assumed to be capable of getting the correct information about the 
current state of influenza spread, and every individual trusts the content of media coverage by the same 
extent. Casting a doubt about it, this study assumes that people are unable to aware how severe the 
influenza is and that they make a guess about the severity of disease and update their guess based on the 
result of their behavior that was based on the previous guess. This limited information assumption and 
trial-and-update approach are more realistic than the rational being approach that assumes an individual’s 
perfect information about the situation. The present study incorporates the influence of media coverage 
on risk perception by two folds and each of them is realized in respective agent-based models. Since 
people are unable to know who are infected among their neighbors or friends, the agents in the first 
model make a guess how many neighbors would be infected. And the agents in the second model make 
another guess how high the transmission rate might be since an individual is hardly know the exact 
transmission rate of the influenza at hand. These two guesses in each model influences the vaccination 
behavior of individuals and are updated based on the result of the behavior. These two guess reflects how 
severe the agents perceive the influenza, and the mode of change of them would exhibit the evolution of 
collective risk perception. Further, these risk perception from media coverage and the vaccination 
behavior based on the perception would affect the overall dynamics of influenza spread. The result of 
this study is expected to be helpful to understand the role of media in vaccination behavior of individuals. 
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The impact of heterogeneous mixing on two-group influenza dynamics

A two-group influenza model is considered to assess the impact of heterogeneous mixing on the 
influenza transmission dynamics. We evaluate the characteristics of epidemics by measuring the basic 
reproduction number and the final epidemic size under homogeneous mixing, proportionate mixing and 
preferred mixing. The analytic expressions for the basic reproduction number and the final size relation 
are obtained. The results indicate that the basic reproduction number become slightly larger as 
heterogeneous mixing becomes more like-with-like mixing. Interestingly, the final epidemic size 
becomes smaller as heterogeneous mixing becomes more like-with-like mixing. Furthermore, we 
investigate the targeted treatment strategies under various mixing scenarios. It turns out that treatment of 
both groups is the most effective to reduce the number of infected individuals with the minimum 
treatment cases. The gain becomes more significant as heterogeneous mixing becomes more like-with-
like mixing.
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Optimizing DC vaccination by combination with cytokine-expressing oncolytic 
adenoviruses 

 
 Immunotherapies continue to be double-edged swords as the immune system responds highly 
nonlinearly to stimulation. Immune modulation may lead to heightened responses in some cases, but 
suppression in other. So, the effects of intervention by therapeutics on self-regulating immune system are 
difficult to comprehend. Assistance with mathematical modelling enables to identify the causes of 
inconclusive or partially ineffective strategies, and predict promising directions for investigation. 
Dendritic cell (DC)-based vaccination is a promising strategy for cancer immunotherapy. However, 
clinical trials have indicated that immunosuppressive microenvironments induced by tumors profoundly 
suppress antitumor immunity and inhibit vaccine efficacy, resulting in insufficient reduction of tumor 
burdens. To overcome these obstacles and enhance the efficiency of DC vaccination, we generated IL-
12- and GM-CSF-coexpressing oncolytic adenovirus (Ad-∆B7/IL12/GMCSF) as suitable therapeutic 
adjuvant to eliminate immune suppression and promote DC function. By treating tumors with Ad-
∆B7/IL12/GMCSF prior to DC vaccination, DCs elicited greater antitumor effects than in response to 
either treatment alone. DC migration to draining lymph nodes (DLNs) dramatically increased in mice 
treated with the combination therapy. This result was associated with upregulation of CCL21+ 
lymphatics in tumors treated with Ad-∆B7/IL12/GMCSF. Moreover, the proportion of CD4+CD25+ T 
cells and VEGF expression was decreased in mice treated with the combination therapy. Furthermore, 
combination therapy using immature DCs also showed effective antitumor effects when combined with 
Ad-∆B7/IL12/GMCSF. The combination therapy had a remarkable therapeutic efficacy on large tumors. 
Taken together, Oncolytic adenovirus coexpressing IL-12 and GM-CSF in combination with DC 
vaccination has synergistic antitumor effects and can act as a potent adjuvant for promoting and 
optimizing DC vaccination. 
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The role of myosin II in regulation of glioma infiltration: A
Mathematical Model

Gliomas are malignant tumors that are commonly observed in primary brain cancer with a
poor survival rate (< 9 months). Glioma cells infiltrate a dense network of normal cells and
thick extracellular matrix (ECM) in a microenvironment and spread long distances within the
brain [1]. In this paper we present a two-dimensional multi-scale model in which a glioma cell is
surrounded by normal cells and its invasion is controlled by cell-mechanical components in the
harsh microenvironment via the regulation of myosin II in response to chemoattractants. Our
simulations reveal that the myosin II plays a key role in deformation of the cell nucleus as the
glioma cell passes through the narrow intercellular space smaller than its nuclear diameter. In
the absence of myosin-II, the deformation of nucleus fails and the cell won’t be able to migrate
through the dense tissue. This study provides a general framework for cell invasion through
the dense network of other glial cells/ECM and sheds lights on the fundamental understanding
of glioma infiltration through the narrow intercellular spaces and a potential approach for the
development of anti-cancer invasion strategies.
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Assuming Hill-type regulation can mischaracterize the biological systems.  

 
 
While various mechanisms are used for transcriptional activation/repression in biological systems, a 
phosphorylation-based repression, which is described with Hill-functions has been dominantly used in 
mathematical modeling. In this talk, we will discuss how the dynamics of biological systems depends on 
the mechanisms of transcriptional regulations. In particular, we will compare two transcriptional negative 
feedback loops, where the repression occurs either via phosphorylation-based repression (Hill-functions) 
or protein sequestration (piecewise linear functions). We will show that various properties of the 
negative feedback loop including conditions for oscillation generations and robust network designs are 
completely different depending on the repression mechanisms. These predictions from the mathematical 
modeling and analysis are confirmed with the follow up experiments using synthetic biology. These 
results emphasize the importance of selecting appropriate repression mechanisms in developing accurate 
mathematical model.  
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Pattern formation in a chemotaxis-growth system

There are a lot of complex phenomena in nature. In order to reveal the mechanism that causes
such phenomena, theoretical analysis through mathematical models has proceeded. Among them,
patterns arising in nature is interesting. For example, animals and snakes possess a variety of
pigmentation patterns and some bacteria form regulated colony patterns. In order to under-
stand pigmentation pattern formation on snakes, bacterial colony patterns by E. coli and S.
typhimurium and so on, mathematical models including chemotaxis and cell-growth are proposed
[1]. Here, chemotaxis is an oriented movement of biological cells which is caused by a gradient of
a chemical substance around them. It is known that some strains of E. coli and S. typhimurium
possess chemotaxis, and generate bacterial colony patterns by using it. The simplest form includ-
ing chemotaxis and cell-growth effects is the following system:

(1)
{
ut = D∆u−∇ · (u∇χ(v)) + f(u),

vt = d∆v + g(u, v),

where u and v are respectively the density of cells and the concentration of a chemical substance.
This model describes that the cell density proliferate at a rate f(u) and moves towards higher
concentration areas of a chemical substance. The function χ(v) in the equation for u represents
chemotactic sensitivity and the function g(u, v) in the equation for v means production and
degradation of the chemical substance. In this talk, we take the following simple functions

χ(v) = αDv and g(u, v) = u− v.

All the parameters are positive, and D means the ratio between the cell motility and the chemical
substance and α means the strength of the chemotactic effect. For the growth term f(u), we have
several choices. For example, when we take the logistic growth

f(u) = ru(1− u),

it is known that (1) exhibits the variety of patterns, such as stationary patterns, time-periodic
patterns and spatio-temporal chaos [2, 3].

On the other hand, a chemotaxis-growth system with the Allee’s density effect

f(u) = ru(1− u)(u− a) (0 < a < 1)

as a growth term is also proposed [4]. When we focus on the growth terms, a difference between
the logistic growth and the cubic growth is the number of equilibrium points and their stability.
That is, in the logistic growth case, u = 0 and u = 1 are equilibrium points, and the former is
unstable and the latter is stable, but the cubic growth term has three equilibrium points u = 0,
a and 1, and u = 1 and 0 are stable while u = a is unstable. Here, we arise a question: “what
kind of differences appear depending on growth terms from pattern formation point of view?” In
this talk, we discuss the two types of models with the logistic growth term and the cubic growth
term and reveal the difference between them from the viewpoint of pattern formation. This study
is based on a joint work with Kousuke Kuto (The University of Electro-Communications) and
Tohru Tsujikawa (University of Miyazaki).
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How does sperm find its way?: 
 A numerical study on hydrodynamic sperm rheotaxis 

 
The sperm is a particular cell, which is produced to function outside the body, i.e. fertilise an egg. The 
sperm journey to the egg is full of scientific and mechanical mysteries. For example, how does the sperm 
find its way? Particularly, mammalian sperm usually travels in the labyrinth of female body, which 
ranges thousands of sperm length. Since many years ago, various guidance cues have been discussed, 
one of which is rheotaxis, the tendency that the cell swims against the background flow. This is recently 
actively discussed since Miki and Clapham [1] observed a flow in oviduct of mouse, streaming from 
ovary to uterus, and rediscovered the importance of rheotactic behaviour of sperm swimming, though the 
sperm rheotaxis was first observed more than a century ago [2]. From the study of Miki and Clapham [1] 
and more quantitative measurement [3], the sperm rheotaxis is suggested as a hydrodynamical 
phenomenon driven by the sperm helical flagellar waveform and its interaction with the boundary and 
the background flow. Kantsler et al. [3] provided a minimal theoretical model that explains the shear 
flow orientates the rod-like body towards the upstream, provided the body is hard-wired to the substrate 
with positive attack angle. Nevertheless, the condition for the boundary accumulation and, in particular, 
its relation to the flagellar waveform are still unclear, thus in this study, we have numerically simulated 
the sperm swimming near a boundary in a background flow with given a flagellar waveform, and 
discussed the mechanics of the sperm rheotaxis [4].  
 
The sperm is modeled as a headless slender-body with ellipsoidal helicoidal beat [5] as considered in the 
recent studies [1,3]. The waveform of the model sperm is parameterised so that the model could cover 
the various types of the species. With application of the reguralised Stokelet method to the slender-body 
theory, the Stokes flow is numerically computed and therefore the motion of the model sperm is obtained. 
From our numerical simulation, the subtle hydrodynamic interaction between the cell and the boundary 
[6] is rather irrelevant, but the contact interaction is found to be dominating. Further, both the sperm 
boundary accumulation and straight trajectory, the latter of which is achieved helicoidal or nearly 
symmetrical flagellar waveform, are found to be key properties for sperm rheotaxis. On the other hand, 
tight circling sperm motility due to strong asymmetry of the flagellar waveform is predicted to disrupt 
the rheotactic response, as observed in CatSper mutant mouse sperm, and some external fertilisers such 
as sea urchin [3]. These results suggest that the rheotactic response may be more common and a more 
robust mechanical phenomenon than previously thought, and therefore would shed light on the possible 
mechanical sperm guidance in real fertilization processes.   
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surfaces. J. Fluid Mech., 621: 289-320. 
[6] Ishimoto, K. and Gaffney, E. A., 2014. A study of spermatozoan swimming stability near a surface. J. Theor. 
Biol. 360: 187-199. 
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Hydrodynamic Model of Ciliary Metachronal Waves

Metachronal waves of cilia play vicious roles in the life of uni- and multi-cellular organisms, such
as swimming of ciliates and clearance of mucus in mammalian airways, and have been studied
intensively over many years. Some previous work suggested that hydrodynamic interactions
between adjacent cilia cause the coordinated motion. However, no detailed understanding is
obtained about how the beating patterns of cilia (consisting of power and recovery strokes) control
the patterns of metachronal waves. Here we try to answer the question using a minimal model
of cilia incorporating the beating pattern and the hydrodynamic interactions [1].

Our minimal model consists of an array of rotors placed on a flat substrate (Fig.1, left). Each
rotor consists of a spherical bead making a circular trajectory of radius b, which is inclined by
a constant angle β from the horizontal plane. The center of the circle is supported by a vertical
shaft of height h from a flat substrate. Thus the position of the i-th bead is specified by its phase
φi = φi(t) on the circular trajectory. The active driving force on the bead is prescribed as

Fi = F (φi) = F0 [1 +A sin(φi + δ)](1)

where the phase shift δ determines the peak position of the force as φpeak = π/2− δ. By solving
the Stokes equation with no-slip boundary condition on the substrate, we obtain the dynamic
equation of the rotors in the form φ̇i =

1
ζFi − ti ·

∑
i�=j G(ri − rj) · Fjtj , where ζ is the Stokes

drag coefficient, ti is the unit tangential vector of the trajectory, and G(r) is the Green function
of the Stokes equation called the Blake tensor. We solved the equation numerically on a square
lattice to track the spatio-temporal dynamics of the phases.

Shown in Fig.1 (right) is the spatial patterns for different values of phase delay δ and the
aspect ratio b/d, for trajectories inclined by 45 degrees. We see that metachronal waves appear
mostly between δ = 45 and 90 degrees. The condition means that the power stroke is attained
when the bead starts to go upward. Symplectic or antiplectic waves appear depending on the
aspect ratio. We will also discuss the roles of other geometric factors and the elasticity of cilia.
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Figure 1. Left: Arrayed rigid-body rotors on a substrate. Right: Phase diagram
of spatial patterns. The parameters are the phase delay δ in the beating force
pattern and the ratio between the gyration radius b and grid spacing d. Plotted
in each panel is the phase of 32× 16 rotors in greyscale, and white arrows show
the direction of wave propagation.
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Perturbation-response relation and network topology in biochemical
reaction systems

In living cells large numbers of reactions are connected by sharing substrates or product chem-
icals, forming complex networks. On the other hand, the dynamics resulting from, and encoded
in, such complex networks is not understood sufficiently because quantitative details on reaction
rate functions and even network structures themselves are still unknown.

One possible experimental approach to understand the behavior of such systems is measuring
sensitivity, where metabolite concentrations and fluxes are measured before and after enzyme
knockdown. However, due to the complexity of the systems, it has been unclear how the network
structures influence/determine the responses of the systems.

To understand network systems from experimental measurements, we developed a mathemat-
ical framework to predict responses of the systems to perturbation of enzyme activities only form
network topology alone. We found that reaction networks generally exhibit two characteristic
features, localization and hierarchy in response patterns. We also found and proved a general
theorem which directly connects the sensitivity responses and the topological characteristics of
subnetworks. The theorem is useful, practically, when examining real biological networks based
on sensitivity experiments. We propose a systematic strategy towards elucidating the metabolic
dynamics by comparing mathematical predictions with experimental measurements.
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Mechanisms of Cellular Dynamics Underlying Homeostatic Radial Size of 
Proliferating Epithelial Tube Proposed by Numerical Analysis of Vertex Model  

 
Morphology of multi-cellular tissues is characterized by an anisotropic growth during biological 
development. For example, in the elongating process of epithelial tube, the tubular cells effectively 
contribute to the tube deformation along the longitudinal axis and exhibit axial growth with maintaining 
its radial size. Such an axial elongation of single epithelial tube can be observed during the 
developmental process of murine epididymis1. Interestingly, the radial size of epididymal tube is almost 
constant in time and space during the elongation although non-biased orientation of cell division 
incessantly occurs on the epithelial layer in the tube. There should exist some mechanisms at the cell 
level for maintaining the tube diameter stably; how is the tube diameter maintained homeostatically in 
the proliferating tissues? 
 
In this talk, we show some possible mechanisms underlying cellular movement to achieve the 
homeostatic tube diameter by integrating analysis of mathematical modeling and that of experiments. We 
first introduce our mathematical framework based on the vertex dynamics model2 which can represent 
the dynamics of tubular cells. Our model focuses on apical surface dynamics of the tubular cells. By 
considering an energy formulation of multicellular structure and our experimental results, we found the 
relationship between the target surface area of apical cellular membrane and the strength of isotropic 
apical constriction. Next, we show that the orientation of cell division directly contributes to the tube 
deformation in the numerical simulation. We found that cell division along the longitudinal axis realized 
the tube elongation relatively maintaining its radial size; however, the radial size became larger when the 
orientation of cell division is non-biased as we measured in the epididymal tubule. To suppress the tube 
expansion, we then introduced anisotropic apical constriction which works along the circumferential 
direction of tube according to our observation. The anisotropic apical constriction generates the cell 
rearrangement along the longitudinal axis of tube, leading to the prevention of tube expansion. However, 
the radial size is not still constant in time and space in the proliferating tube. Further numerical analysis 
revealed that it is required that frequency of cell rearrangement should couple with proliferation rate of 
surrounding cells to achieve the homeostatic tube diameter. Finally, we propose a possible mechanism of 
adaptive cellular behaviors in controlling the radial size of developing tube. 
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Mechanisms of Cellular Dynamics Underlying Homeostatic Radial Size of 
Proliferating Epithelial Tube Proposed by Numerical Analysis of Vertex Model  

 
Morphology of multi-cellular tissues is characterized by an anisotropic growth during biological 
development. For example, in the elongating process of epithelial tube, the tubular cells effectively 
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level for maintaining the tube diameter stably; how is the tube diameter maintained homeostatically in 
the proliferating tissues? 
 
In this talk, we show some possible mechanisms underlying cellular movement to achieve the 
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first introduce our mathematical framework based on the vertex dynamics model2 which can represent 
the dynamics of tubular cells. Our model focuses on apical surface dynamics of the tubular cells. By 
considering an energy formulation of multicellular structure and our experimental results, we found the 
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apical constriction. Next, we show that the orientation of cell division directly contributes to the tube 
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direction of tube according to our observation. The anisotropic apical constriction generates the cell 
rearrangement along the longitudinal axis of tube, leading to the prevention of tube expansion. However, 
the radial size is not still constant in time and space in the proliferating tube. Further numerical analysis 
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surrounding cells to achieve the homeostatic tube diameter. Finally, we propose a possible mechanism of 
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Anisotropic cell growth causes looping of the developing heart 
 
 A mechanism of cardiac loop formation was investigated using a mathematical model, vertex 
dynamics that has been extended to the model applicable to three-dimensionally undulating cell sheets 
(JSMB/SMB CS25, 2014 Osaka). The initially straight heart tube is transformed into a loop 
characterized by a helical winding with a handedness during heart development. I succeeded in a 
computer simulation of the loop formation under a few assumptions. The heart tube consists of polygonal 
domains of myocardial cells. The polygonal domain has its own polarity that directs the direction of 
domain growth. Hence, surface of the heart tube expands anisotropically. In addition I found that a 
longitudinal area of non-growing domains is necessary for the loop formation.  
              Next, I considered the anisotropic expansion. For the loop formation, a simple anisotropic 
expansion based on the planar cell polarity (PCP) is not enough. In addition to a reference direction by 
the PCP, the domain has to have a one-side handedness (left or right) with respect to the reference 
direction. That is, the domain necessarily has an absolute chirality based on PCPs. I have to stress that, 
although some of cells have respective chirality depending on their position (left or right) in the body, the 
cells forming cardiac loop have the absolute chirality. 
             I would like to propose for cardiac loop formation that (1) cells of the developing heart tube 
grow anisotropically based on the absolute chirality and (2) the tube has a non-growing longitudinal 
region. 
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Mathematical Modeling of MDCK spontaneous movement 
 
 Spontaneous cell movement takes important part in development, cancer metastasis, angiogenesis 
and wound healing. Actin polymerization is essential for cell movement [1], and inositol lipid PIP3 
regulates the actin polymerization [2]. Shibata et al. showed that the self-organization of 
phosphoinositide system induces the localization of PIP3 on cell membranes in Dictyostelium 
discoideum, and constructed a mathematical model based on the reaction-diffusion system [3].  
 
 In this study, we formulated a mathematical model based on the assumption that cell membrane is 
elastic film and actin polymerization is driven by excitable system. In this model, cell membrane is 
represented by points that surround cytoplasm, and the points move outward according to PIP3 
concentration. PIP3 dynamics is driven by an excitable system on the membrane. Cell movement is 
expressed as the movement of the membrane points, and we define the nucleus as the centroid of these 
membrane points. This model successfully reproduced spontaneous cell movement and cell morphology 
change. 
 
 Next, we tried to experimentally validate our model using MDCK cell (Madin-Darby Canine 
Kidney epithelial cell). First, we quantified spontaneous movement of MDCK cells by low-density 
culture and found that the movement of centroid of cytoplasm is similar to that of nucleus by using 
cross-correlation function. Next, we examined the effect of cell density for the speed of spontaneous cell 
movement because MDCK cell movement in low-density culture seemed less active compared with 
high-density culture condition. We used culture insert to examine the effect of secretory signals from 
other MDCK cells. The speed of spontaneous movement seemed to be increased by the effect of MDCK 
cells on culture insert, but we could not detect statistically significant difference. These results show that 
we can regard location of nucleus as the centroid and effect of soluble factor should be considered in our 
model. 
 
 By combination of modeling and experiment, we are now trying order estimate of simulation 
parameters, extension of the model to collective movement of cells, and control of spontaneous 
movement by experimental modification of model parameters. 
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Flat leaf formation realized by cell-division control and mutual recessive gene regulation 

 
 Most of the land plants generally have dorsoventrally flattened leaf, which has bifacial character. 
Upper or adaxial side of the leaf has a role of light capturing for photosynthesis. The other side, lower or 
abaxial side, is specified for gas exchange. In plant molecular genetics, it has been believed that the cell 
divisions which occur at boundary between adaxial and abaxial domain in leaf margin induce flat leaf 
development. However, this argument misses the dynamical stability of pattern formation process. Thus, 
we examined the view by mathematical modeling, where intracellular dynamics and cell-based pattern 
formation are coupled. We found that the view is not sufficient to realize the flat leaf making because of 
the instability of the adaxial-abaxial boundary. We found that the polarized cell division increases the 
stability of the pattern formation process and the probability of successful flat leaves. 
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Discrete and ultradiscrete models for circadian clocks  
comprising gene regulatory network and protein transition network  

 
 In eukaryote, gene regulatory network underlie circadian clock and in prokaryote, protein transition 
network underlie clock. These mechanisms described by ordinary differential equations with two 
variables cannot always show self-sustained oscillations.  
 Besides ordinary differential equations, discrete and ultradiscrete systems are used to model 
dynamical systems. A discrete system treats the independent variables such as time and space as discrete 
numbers. An ultradsicrete system treats both independent and dependent variables as discrete numbers. 
The qualitative behaviors may or may not generally be conserved by discretizing or ultradiscretizing 
ordinary differential equations. Therefore, discrete and ultradiscrete systems are useful for understanding 
the mechanism of biological phenomena.  
 In this study, we propose discrete and ultradiscrete models of circadian clock with two variables 
and investigate oscillatory conditions.  
 First, we discretize and ultradiscretize continuous model of gene regulatory network.  Then, we 
investigate stability of fixed point by linear stability analysis. We found that the systems can oscillate if 
time discrete size is large. Moreover, we confirmed the occurrence of oscillation like behaviors by the 
stochastic simulations with Gillespie method. These results suggest that small-number effect of 
molecules destabilize the system and generate oscillations.  
 Second, we discretize and ultradiscretize continuous model of protein transition network. We found 
that the nonlinearity of transition rate is required for oscillation.  
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A meachano-mathematical model for adaptive crawling locomotion:
from a case study of centipede

Crawling is a fundamental method of biological locomotion in invertebrates, including both
limbless and legged organisms. There are several methods of crawling on a solid surface, depending
on the locomotory equipment available : ciliary, pedal, peristaltic, undulatory and many-legged
locomotion. The propulsive machinery is very different among crawlers with locomotory waves,
but the kinetic similarity of peristaltic waves in annelida to pedal waves in Mollusca or leg-
density wav es in myriapoda and onychophora has been correctly pointed out in diagrammatic
explanations [1]. Recently, mechanical considerations reveal (1) that leg-density waves play the
same role as peristaltic waves in limbless crawlers, and (2) that locomotory waves push the body
forward or backward by a common mechanism [2, 3].

The locomotory waves are called direct if they propagate in the same direction as the animal
is moving, and if they are opposite, the waves are called retrograde. It is generally considered
that the direction of locomotory wave is fixed for a given species. For example, millipede shows
direct waves and centipede shows retrograde waves. We refer this idea to as one wave one species
hypothesis. In the natural circumstance, however, the crawlers inevitably migrate over various
conditions. They have to adapt quickly and flexibly there. Then, a simple question arise from
the viewpoint of dynamical systems. How much stable are the locomotory waves?

We conducted observations of crawling locomotion in largely different conditions, since such
systematic approaches have not been seen in previous studies. In particular, we examined about
centipede, Scolopendraomorpha Scolopocryptops. We found they can largely change of their gait
including the change in the wave direction which breaks the one wave one species hypothesis [4].

Based on these observations, we developed a simple mechano-mathematical model for the
crawler so that it provides the observed mode transition depending on the external / internal
conditions. Some possible variants were examined numerically and mathematically by stability
analysis. Discussions will be made on the mode transitions from a viewpoint of general mechanics
of environment-coupled crawling locomotion.
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Absolute and relative assessment in the status-dependent strategy 
 in salmonoid fishes  

 
 
 
 Several species show the alternative life-history tactics. The status-dependent strategy model is 
used to predict a threshold value for individual status, where above and below which each individual 
should adopt either one of the tactics to attain higher fitness. The threshold status at which individuals 
switch the tactic is realized as an evolutionarily stable strategy (ESS), which locates on an intersection of 
fitness functions of each tactic. The line of this framework has assumed that individuals respond to their 
own status, but overlooked how organisms recognize their status and the difference between own status 
and social rank (e.g. dominance hierarchy) has never been discussed. In this talk, we study what 
information (i,e, own status or social status) organisms should use to make decisions for the alternative 
tactics. We consider two decision-making strategies: the absolute assessment in which individuals make 
decision based on their own status, and the relative assessment in which individuals make decision after 
inferring their social status by Bayesian inference. We here focus on the alternative migratory tactics in 
salmonoid fishes. There are two migratory tactics: migrant who undergoes feeding migration to the sea 
and comes back to the natal river for reproduction, and resident who matures in the natal river without 
migration. It is not known which type of information salmonoids adopt. We demonstrate that: referring 
own status (absolute assessment) becomes an evolutionarily stable strategy (ESS) under the stable 
environment, but using social status (relative assessment) or integrating both assessments becomes an 
ESS under the stochastic environment, depending on the strength stochasticity. This result should be 
caused by balance between the estimation error and the predictability of future competition. Under 
stochastic environments, relative assessment can predict the future frequency-dependent competition in 
spawning but estimation error related to Bayesian inference is unavoidable. On the other hand, absolute 
assessment cannot change the threshold value but is free from the estimation error. The ecological 
responses under the stochastic environments were remarkably different between absolute and relative 
assessment. The migrant/resident ratio largely fluctuated if absolute assessment was adopted, but the 
ratio was stabilized in relative assessment. Hence understanding the mechanisms of decision-making 
should be fundamentally important to predict the ecological responses of organisms under the climate 
change.  
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own status, but overlooked how organisms recognize their status and the difference between own status 
and social rank (e.g. dominance hierarchy) has never been discussed. In this talk, we study what 
information (i,e, own status or social status) organisms should use to make decisions for the alternative 
tactics. We consider two decision-making strategies: the absolute assessment in which individuals make 
decision based on their own status, and the relative assessment in which individuals make decision after 
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caused by balance between the estimation error and the predictability of future competition. Under 
stochastic environments, relative assessment can predict the future frequency-dependent competition in 
spawning but estimation error related to Bayesian inference is unavoidable. On the other hand, absolute 
assessment cannot change the threshold value but is free from the estimation error. The ecological 
responses under the stochastic environments were remarkably different between absolute and relative 
assessment. The migrant/resident ratio largely fluctuated if absolute assessment was adopted, but the 
ratio was stabilized in relative assessment. Hence understanding the mechanisms of decision-making 
should be fundamentally important to predict the ecological responses of organisms under the climate 
change.  
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Modeling the dynamics of a fishery model with optimal harvesting policy 

One of the important problems that our modern society faces today is the depletion of resources such as 
forestry, fishery, fertile topsoil, crude oil, minerals, etc. It is a well known accepted fact that resource plays a 
significant role in the development of any country. But it is being depleted by increased industrialization, 
over growth of population and associated pollution threatening the ecological stability of the region.  

To understand the dynamics of a prey-predator system in an aquatic environment, a non-linear mathematical 
model is proposed and analyzed. It has been assumed that both species are growing logistically and the 
interaction between them is of Crowley-Martin type. It is further assumed that both species are of 
commercial importance and they are harvested. The harvesting effort is assumed to be a dynamical variable 
and tax on per unit harvested resource biomass is being considered as a tool to control exploitation of the 
resource. The existence of equilibrium points, their local and global stability behavior are investigated. 
Bifurcation analysis is carried out with taxation as a bifurcation parameter. The optimal harvesting policy is 
also discussed using the Pontryagin’s Maximum Principle used so that both the species can be maintained at 
an optimal level. Numerical simulations experiments have also been carried out to illustrate our theoretical 
findings.  
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Population viability analysis of Lake Biwa benthic fish, Chaenogobius Isaza  
under the progress of global warming 

 
In this paper, I present a theoretical result on population viability analysis (PVA) of global 

warming effect on Lake Biwa benthic species, represented by Chaenogobius isaza, as a case study of 
human impact assessment on lake ecosystems.  

Lake Biwa is the largest freshwater lake located upstream of the Yodo River system in Kansai 
region of West Japan, providing various ecosystem services and water resources to support life, industry 
and culture of this region. However, Lake Biwa experienced large alteration of its watershed in the 
period of high economic growth and later by Lake Biwa Comprehensive Development (1972-1997). In 
addition, higher average water temperature due to global warming has been reported in recent years. 
Lake water circulates in winter once a year in Lake Biwa. Since the vertical circulation in winter might 
be weakened or disturbed as global warming progresses, adverse effects on benthic organisms such as 
through reduction of dissolved oxygen concentration of lower-layer water is a major concern.  

With this background, I reported recent progress in a statistical model to simulate the CPUE 
(Catch Per Unit Effort) of Isaza population according to the different global warming scenarios. This 
model incorporates three indices as explanatory variables which characterize different mechanisms of 
global warming effect on the reduction of the Isaza population (JSMB/SMB 2014 in Osaka). However, 
the evaluation of global warming progress on the extinction risk of benthic species was postponed.   

In conservation ecology, PVA (population viability analysis) is the most popular and powerful 
method to evaluate extinction risk and to find key factors to reduce extinction risk for conservation 
planning [1].  In the Lake Biwa benthic species case, however, demographic data necessary for the PVA 
is insufficient. So, I constructed a simple PVA model which incorporates two essential ingredients of 
global warming effect on Lake Biwa benthic species: 1) water temperature as a stochastic process with 
drift term T(t) and 2) growth rate of benthic population as a decreasing function of temperatureλ(T).  I 
will focus my talk on evaluating the effect of rapidly increasing probability of vertical circulation 
prevention with temperature rise on the extinction risk. 
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Recurrent origination of novel species in two islands with rare migration. 
 
 
 We study the time to speciation by geographic isolation for a species living on two islands 
connected with infrequent migration. Assumptions are: incompatibility is controlled by a finite 
number of quantitative loci, and individuals differing in loci of more than a threshold fraction 
do not mix genetically with each other. We also assume sexual haploid species, each population 
being nearly monomorphic, and free recombination between loci for within-population 
processes.  
 
 The genetic distance (defined as the fraction of loci differing between populations) follows 
stochastic processes, which are analyzed by stochastic differential equation, diffusion equations, 
and individual based simulation. The distance increases by the accumulation of novel mutations 
but decreases by migration and hybridization. It may converge to a quasi-equilibrium and keep 
fluctuating around it.  
 
 If the threshold fraction of speciation is controlled, the smallness of the number of 
incompatibility loci enhances the magnitude of fluctuation around the quasi-equilibrium and 
shortens the time to speciation considerably.  
 
 Novel species are created recurrently by mutation accumulation and repeated infrequent 
migration, and the rate of species creation was the fastest for an intermediate rate of migration. 
A smaller number of loci made the optimal migration rate greater and the species creation rate 
faster.  
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A mathematical model of locomotion of centipede

How does a centipede control so many legs? Does he control his legs independently, or is there
any central rule? A centipede can move very fast with a velocity of ca. 100mm/s although his
body length is a few centimeters. A centipede can take on two different locomotions depending
on environment, one is a direct wave, which propagates in the same direction as the centipede
is moving, and the other is a retrograde wave, which propagates in the opposite direction to the
movement. [1, 2]. The velocity of the former is five times faster than the later. To make a robot
which imitates the locomotion of centipedes is very useful to search the ground of unknown area.
We study the locomotion of centipedes, especially with focus on the two types of locomotions and
a transition between them.

Our model consists of a body with many segments connected with springs in one dimension.
Each segment has a leg which rotates clockwise (see Fig. 1). The model gets the force for

Figure 1. A centipede model

moving forward from friction between ground and legs. Additionally, we consider two rules for
the interaction of legs from observing real centipede walking. One is a bearing of body mass,
which imposes a limitation to lifting legs, the other prohibits crossing legs.

We find the two types of locomotions numerically, depending on the parameters of the model.
Fig. 2 shows the spatio-temporal pattern of the toes of legs. (a) is the retrograde wave, and (b)
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Figure 2. spato-temporal pattern of toe of the model (a) retrograde wave (b)
direct wave

is the direct wave. We also discuss the transition between the two types of locomotions.

References

[1] Gray, J., 1968. Animal locomotion, William Clowers and Sons
[2] Kuroda, S. and Nakagaki, T, 2015. General mechanics for environment-coupled crawling locomotion: from

amoeba to snail, earthworm, centipede and beyond. The joint annual meeting of the JSMB and SMB
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Theoretical study of resource allocation in plant-mycorrhizal mutualism. 
 
 Most of terrestrial plants have mutualistic relationship with fungi in the soil. Such fungi colonize to 

roots of plant and are called mycorrhizal fungi. Plant supplies carbon obtained by photosynthesis to the 

fungus. On the other hand, fungus absorbs soil nutrients and gives a fraction of them to the plant. 

Allocation fraction change depending on combination of plant and fungus(Pearson & Jakobsen, 1993). In 

this study, I discuss optimal resource allocation strategy of plant and fungus.  

 I assume plant gets only carbon and fungus get only phosphorus. When plant gets carbon, plant 

decides how much allocate it to the fungus. On the other hand, fungus allocates phosphorus to the plant. 

They can get more resource when they are grown. From these assumptions, I express the dynamics of 

carbon and phosphorus in plant and fungus by differential equations. According to Pontryagin’s 

maximum principle, optimal resource allocation strategies of plant and fungus become combination of no 

allocation, all allocation and partial allocation.  

 Plant and fungus allocate a part of resource to the partner in many cases. Therefore, I analyze 

partial allocation in more detail. Partial allocation becomes singular control (Bryson, 1975). Allocation 

fraction is affected by resource allocation efficiency and ability of resource acquisition. Resource 

allocation efficiency will depend only on properties of plant and fungus. On the other hand, ability of 

resource allocation will change depending on both properties of organism and also resources in 

environment. This means if mutualistic partner and/or environmental condition are different, resource 

allocation fraction is also different. 
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Modeling suppressive mechanisms of virus-specific CD8+ T cells in HIV infection 

 
 Previous studies of Human Immunodeficiency Virus (HIV) and Simian Immunodeficiency Virus 
(SIV) showed that CD8+ T cell responses are important for the control of infection. The depletion of 
these cells in SIV-infected macaques ultimately leads to a rapid increase of viral load [1]. In contrast, the 
abundant presence of CD8+ T cells specific for viral antigens is associated with lower viral replication, 
weaker symptoms and higher CD4+ T-cell count in HIV patients [2]. Furthermore, immune response in 
HIV infected hosts is associated with the appearance of immune escape variants of the virus [3]. In 
addition, the appearance of epitope-specific CD8+ T cells rather than viral variability plays a dominant 
role in immune escape in SIV infected macaques [4]. Thus, there is evidence that virus-specific CD8+ T 
cells are required to control viremia in HIV and SIV host, however, the mechanism of their action 
remains unclear. 
 
 In order to answer this question we designed an in vitro experimental model that was aimed to 
differentiate among possible HIV suppressive mechanisms of virus-specific CD8+ T cells. However, the 
data analysis did not identify their main antiviral function. In order to overcome this limitation, I 
developed a mathematical model governed by delay differential equations (DDEs) and simulating the 
impact of various CD8+ T cell antiviral mechanisms in the context of the performed experiment: 

dF/dt = βTV – dFF – kFI βTV(t–τ) 
dI/dt = kFI βTV(t–τ) – dII, 

where F is the number of fused (p24+/GFP-) cells, I is the number of GFP+ cells that produce free virus 
V=V0+(p/c)I and V0 is the number of free virions in the cell culture. The parameters of the model are: β – 
the susceptibility of donor-derived CD4+ T cells to fuse with the virus, T – the number of target cells in 
vitro, dF – the decay rate of p24+/GFP- cells, kFI – the rate of turning p24+/GFP- cells into productively 
infected (GFP+) cells, dI – the decay rate of GFP+ cells, p – the production rate of free virus by 
productively infected cells, c – the clearance rate of free virus, τ – the delay between fusion of a target 
cell with a free virus and productive infection. 
  
 This approach assisted us to find robust predictions of the experimental data behavior for each 
possible mechanism. I found that only one HIV suppressive mechanisms of virus-specific CD8+ T cells 
is consistent with the experimental observations. This mechanism is CD8+ T cell induced decay of 
infected cells acting early after viral fusion and before productive infection starts. This result supports 
some previous findings, which demonstrated early recognition of virion-derived peptides within infected 
cells by peptide-specific CD8+ T cells [5]. In accordance with our experimental observations, the other 
antiviral mechanisms of virus-specific CD8+ T cells contributed negligibly in viral suppression. This 
result is required to improve the efficacy of HIV vaccines based on inducing CD8+ T cell responses as 
well as treatment. 
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The determinant of regional difference in the prevalence of sexually transmitted 
infection 

 
 HIV prevalence shows large geographical heterogeneity among countries, however, the driver of 
this heterogeneity is not well understood. Here we hypothesize that the geographical heterogeneity of the 
prevalence of sexually transmitted infections is driven by the difference in the sexual contact network, 
and examine the association between them by employing a mathematical model describing the epidemic 
processes in sexual contact network. The simulation results showed that the correlation of prevalence of 
sexually transmitted infection with the network structure statistics differs by pathogen, suggesting that 
the relationship between different sexually transmitted diseases may be explained by the difference in the 
network structure. 
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Modeling coinfection of HIV-1 in cell culture 
 

It has been experimentally confirmed that double-infection of target cells by HIV-1 in tissue 

culture occurs more frequently than would be predicted if the two infectious events were independent 

phenomena (i.e., nonrandom infections occur). This coinfection allows genetic recombination and 

therefore causes a high genetic variation of HIV-1. To quantitatively understand this evolutionary strategy 

of HIV-1, we have carried out cell culture experiments under different conditions, and developed a 

mathematical model to reproduce the experimental datasets. Using our estimated parameter values from 

the datasets, we would like to explain a potential mechanism for the nonrandom HIV-1 infection and to 

discuss how effectively multiple virions infect same target cell. 
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Evolution of altruism in spatial Prisoner’s Dilemma game 
 
 Iterated prisoner’s dilemma game is carried out on lattice with “colony” structure. Each cell is 
regarded as a colony which contains plural players with the same strategy. Both intra- and inter-cellular 
interactions are assumed. In the former a player plays with all other players in the same colony, while in 
the latter he plays with one player each from adjacent colonies. Spatial patterns among four typical 
strategies exhibits various dynamics and winners. Initially four strategies randomly distribute: all 
cooperation (AC), all defection (AD), tit-for-tat (TFT) and Pavlov (PAV). On one-dimensional lattice, 
we have analytically obtained the condition for AC to win as follows: 
 
  .       (1) 
where m denotes the members of colony and x is the intensity of noise level. Note standard payoff set 
(5,3,1,0) is used.  Simulation confirms the above relation. Hence, AC wins with the increase of x or m. 
This result explains the evolution of altruism in animal societies, even though errors easily occur in 
animal communications. 
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Phenotype adjustment promotes adaptive evolution in a game without conflict 
 
 Organisms may adjust their phenotypes in response to social and physical environments. Such 
phenotypic plasticity is known to help or retard adaptive evolution. Here, we study the evolutionary 
outcomes of adaptive phenotypic plasticity in an evolutionary game involving two players who have no 
conflicts of interest.  
 
 As an illustrating biological example, we consider the sex allocation and the growth propensity of a 
pair of reproducing individuals forced to engage in lifetime monogamy, such as two shrimps confined 
within a sponge. The shrimps enter the sponge when they are both small in size and grow within it to 
reach a body size such that leaving is impossible. Their fitness are equal, because the reproductive 
success of each shrimp is the sum of the number of eggs laid by one and sired by the other, and each 
offspring has one father and one mother who have exactly the same genetic contribution. In this way, we 
can perfectly remove the effect of conflict of interest between players. Thus we conjecture that efficient 
evolutionary dynamics might achieve the highest fitness at the evolutionary endpoint. 
 
 We consider random pair formation, the limitation of total resources for growth, and the needs of 
male investment to fertilize eggs laid by the partner. We compare the following three different 
evolutionary dynamics:  
 (1) No adjustment: each individual develops a phenotype specified by its own genotype;  
 (2) One-player adjustment: the phenotype of the first player is specified by its own genotype, and 
the second player chooses the phenotype that maximizes its own fitness;  
 (3) Two-player adjustment: the first player exhibits an initial phenotype specified by its own 
genotype, the second player chooses a phenotype given that of the first player, and finally, the first player 
readjusts its phenotype given that of the second player.  
 
 We can show that both one-player adjustment and two-player adjustment evolve to achieve 
maximum fitness. In contrast, the dynamics without adjustment fails in some cases to evolve outcomes 
with the highest fitness. For an intermediate range of male cost, the evolution of no adjustment realizes 
two hermaphrodites with equal size, whereas the one-player adjustment and two-player adjustment 
realize a small male and a large female.  
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Point of no return in parapatric speciation: 
 incompatibility-distance relation and time to speciation 

 
 
 In cases of putative recent speciation, often many loci are involved in reproductive isolation. In 
this research, we consider the speciation between two geographically isolated populations 
connected by infrequent migration, in which incompatibility is controlled by quantitative loci. 
Incompatibility genetic distance is defined as the fraction of compatibility controlling loci different 
between individuals. Complete reproductive isolation is established when the distance reaches a 
threshold level in spite of occasional migration and subsequent hybridization that reduce it.  
 
 Here we study how the time to speciation depends on the manner the magnitude of 
incompatibility increases with the genetic distance. Both the increases of the genetic distance due to 
the accumulation of separate mutations and the decrease due to rare migration and subsequent 
hybridization include stochasticity.  
 
 Analysis reveals that the time to speciation is short if migration rate is small compared with 
mutation rate, or if intermediate levels of the genetic distance cause mild incompatibility making 
migrants less effective in reducing the distance. In the opposite situation, the genetic distance stays 
around a positive quasi-equilibrium level for a long time, fluctuating around it. If it happens to go 
beyond a "point of no return", the system shows a quick passage to speciation. We also observed 
that, speciation becomes very slow if incompatibility is effective for individuals differing only at 
one locus. 
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A two-level selection approach to model the emergence of altruism when
integroup conflict is frequent

Archaeological and ethnographic studies provide evidence that hunter-gatherer populations might have
engaged in frequent intergroup wars. Bowles[1] have modeled and discussed the emergence of altruism
in this context, ;< using the Price equation. The Price equation is an expression for the difference of the
frequency of a type of a particle or individual, for example, between two subsequent generations. It is
simple, recursive and separates clearly the effects of inter and intragroup selection.

One of the most important derivations from the Price equation is the Hamilton rule, which is a condition
for the proliferation of altruism. However, it is known Hamilton rule does not hold for everything. An
alternative methodology to model the evolution of altruism was introduced ;< Schonmann et al.[2]. They
consider two levels of selection with migration in a structured population (a two-level Fisher-Wright
model). Their approach generates a simple rule, which predicts the conditions in which altruism can
survive. This approach also recovers the original rule, the Hamilton rule, for the cases in which the
fitness functions are linear.

We considered a large population with several groups of fixed size in which individuals are tagged as an
altruist or as a native (non-altruist). Each group is classified according to its number of altruists. A group
is said to be of type 8 if it has exactly 8 altruists. We study the proliferation of altruists in the population
;< analyzing its frequency in a three-staged model, based on the two-level Fisher Wright framework, that
includes war, reproduction and migration. As we considered the dynamics for the number of altruists in
the population depends only on the previous generation, we were able to model the survival of altruism
as a multitype branching process.

Our results show that intergroup wars frequency plays a crucial role in the emergence of altruism in the
population. Provided that cost is sufficient low, there is a critical value of integroup wars frequency that
allows the emergence of altruism even when migration levels are high.
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Effects of genetic architectures on polymorphism dynamics 
under negative frequency-dependent selection 

 
 Negative frequency-dependent selection (NFDS), where scarce phenotypes have a fitness advantage 
over abundant phenotypes, is a pervasive mechanism for maintaining intraspecific variation that 
occasionally causes temporal oscillations of phenotype frequencies [1-3].  
 
 However, allelic variation can be stochastically eliminated when oscillatory dynamics amplitude is 
enhanced. Natural selection works at the phenotypic level, whereas loss of genetic variation occurs at the 
allelic level; therefore, a better understanding of allele extinction under NFDS requires consideration of 
the genetic architectures linking these two levels.  
 
 Herein, we show that genetic architectures underlying phenotypic polymorphisms can dramatically 
alter evolutionary dynamics under NFDS in single-locus diallelic models. Identical phenotypic 
polymorphisms arise from various genetic architectures, including haploid, diploid, and diploid 
inheritance with maternal effects (e.g. genomic imprinting in mammals or delayed inheritance in snails). 
We demonstrate that maternal inheritance buffers the influence of selection on allele dynamics, resulting 
in two different consequences of allele persistence. Maternal effects stabilize fluctuation and prevent 
allele extinction under highly nonlinear NFDS; under weak NFDS, they promote stochastic extinction of 
alleles.  
 
 Our findings suggest that understanding both the nature of NFDS and the genetic architectures 
underlying polymorphisms is important to predict contemporary evolution, thereby providing an insight 
into chiral polymorphism maintenance in snails [4]. 
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The Reason of Sexual Reproduction

About 40 years ago M.Smith presented a concept of “Two fold cost of sexual reproduction”. 
Thereafter many hypotheses have been made for the reason of sexual reproduction. However general 
answer has not been found yet. I investigated the question with two simulations. One was Smith's 
simulation itself. He made a simulation that tested the frequency of competing both sexual and asexual 
populations in a changing environment. I made some changes to it, in which sexual population had 
more diversity than original one. From the simulation I got a formula that could explain the result. In 
addition sexual reproduction had more advantage than M.Smith noted. Another simulation was to 
investigate the decreasing rate of phenotype's number. According to the simulation, I understood that the 
decreasing speed in phenotype's number of asexual population was so higher than sexual one. Through  
two simulations, I was able to recognize that sexual reproduction had more superiority than it was 
thought. If competition occurs between sexual and asexual populations, sexual one would win because 
of its diversity, in general. I tested it using both simulations and I explain it last.
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The Reason of Sexual Reproduction

About 40 years ago M.Smith presented a concept of “Two fold cost of sexual reproduction”. 
Thereafter many hypotheses have been made for the reason of sexual reproduction. However general 
answer has not been found yet. I investigated the question with two simulations. One was Smith's 
simulation itself. He made a simulation that tested the frequency of competing both sexual and asexual 
populations in a changing environment. I made some changes to it, in which sexual population had 
more diversity than original one. From the simulation I got a formula that could explain the result. In 
addition sexual reproduction had more advantage than M.Smith noted. Another simulation was to 
investigate the decreasing rate of phenotype's number. According to the simulation, I understood that the 
decreasing speed in phenotype's number of asexual population was so higher than sexual one. Through  
two simulations, I was able to recognize that sexual reproduction had more superiority than it was 
thought. If competition occurs between sexual and asexual populations, sexual one would win because 
of its diversity, in general. I tested it using both simulations and I explain it last.
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Two n-player game models on sex allocation in higher plants. 
 
Shaw & Mohler (1953) developed a theory of 1:1 sex ratio about 60 years ago. Since then, a bunch of sex 
allocation models has been proposed and two typical approaches, i.e. ESS models and n-player game 
models, are used in the history. ESS model provides us ESS of 1:1 sex allocation under simple 
assumptions (Hamilton, 1967), where every individual is assumed to adopt the same strategy and 
allocates half of the investment for male and another half for female (cosexual). Therefore, ESS models 
are not appropriate for interpreting gender expression of higher plants because they have a variety of 
gender expressions except hermaphrodite (cosexual), such as dioecy (investing only for female function 
or only for male function), gynodioecy (investing only for female function or both) and androdioecy 
(investing only for male function or both). In another approach, n-player game models are used when the 
population is composed of individuals with different amount of investment resource, where Nash solution 
is normally adopted as uninvasible strategy. Yamaguchi (1985) proposed an n-player game model and 
obtained Nash solutions representing  gender expressions of androdioecy or cosexual insects. There is no 
individual investing only for female function in the Nash solutions.  
        In the present study, we propose and analyze two n-player game models where individuals have 
different amount of reproductive resource (Ii). The purpose of the first model is to examine why dioecy 
Nash solution does not appear in Yamaguchi model and to clarify the condition that strategy of investing 
only for female function exists. We assume the reproductive success (wi) of i-th individual through 
female and male function are:  

       wiF = cfi wiM = bmi
a ( fi +mi = Ii )       , 

where the former is proportional to the amount of investment for female (fi) and the latter is a power 
function of that for male  (mi).  The analysis clarifies the condition for investment only for female 
function, which is that the exponent (a) is larger than 1. When the exponent is two, dioecy Nash solutions 
appear as we expected. Unfortunately, we haven’t obtained any other gender expressions in this model. 
 The purpose of the second model is to propose another n-player game models where a variety of 
gender expressions can be obtained as Nash solutions, from cosexual to dioecy. We assume a Poisson 
distribution for the probability of pollen hitting an ovule. Then, the reproductive success of i-th individual 
through female and male functions are: 
 

wiF = cfi wiM = cmi(1! e
!!mi ) ( fi +mi = Ii ) , 

 
where β represents the coefficient of pollination efficiency. The model analysis revealed that the 
dioecious condition was derived by lower pollination efficiency. We have dioecy, trioecy, gynodioecy, 
cosexual sequence with the increase of pollination efficiency. There is a sequence of female, male and 
cosexual individuals along the gradient of amount of reproductive resource.  
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Parameter estimation of Wright-Fisher model using the EM algorithm
and likelihood ratio test for detecting selection

One of the biggest problems of the biology is relating genomic information with various phe-
notypic traits. With the emergence of NGS, many new methods to approach this problem was
developed.“ Evolve and Resequence”(E&R) is one of these methods[1].

In E&R study, a population is passaged under a selective pressure for the objective traits. The
population’s genome is resequenced, and allele frequencies at each SNPs is calculated. The result
is compared to that of control population, and used for detecting selected SNPs related to the
traits by statistical analysis. This empirical system is well represented by Wright-Fisher Model,
because it satisfy a constant population size that is an assumption of Wright-Fisher model[2]. We
establish a new method for detecting selected SNPs from E&R data using parameter estimation
of Wright-Fisher model and likelihood ratio test.

In this presentation, We firstly show a new method for estimating parameters of Wright-Fisher
Model, slection coefficients and population numbers. These parameters were estimated from allele
frequencies sharing one starting allele frequency and elapsed time. In our method, Wright-Fisher
model was converted to continuous time Markov chain (CTMC), and applied EM algorithm for
CTMC[3]. To evaluate the precision of that estimation, We derived samples of allele frequencies
from a simulation of Wright-Fisher model. As a result, estimated values from the samples are
distributed unbiasedly around true values.

Secondaly, We show how to detect slected SNPs. We caluculated likelihood for each SNP in the
case of optimized selection and null selection, and detected selected SNPs using likelihood ratio
test.To evaluate the precision of the test, We ranked selected and unselected SNPs depending
on the likelihood ratio. In varied experimental conditions, the detection of our method is more
accurate than that of CMH test, which is the most acurate statistical test for this detection[4].

Furthermore, we show this method can be applied to general diffusion processes. This means
that prameters of various processes represented by diffusion equations can be estimated from data
of the processes.
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Two n-player game models on sex allocation in higher plants. 
 
Shaw & Mohler (1953) developed a theory of 1:1 sex ratio about 60 years ago. Since then, a bunch of sex 
allocation models has been proposed and two typical approaches, i.e. ESS models and n-player game 
models, are used in the history. ESS model provides us ESS of 1:1 sex allocation under simple 
assumptions (Hamilton, 1967), where every individual is assumed to adopt the same strategy and 
allocates half of the investment for male and another half for female (cosexual). Therefore, ESS models 
are not appropriate for interpreting gender expression of higher plants because they have a variety of 
gender expressions except hermaphrodite (cosexual), such as dioecy (investing only for female function 
or only for male function), gynodioecy (investing only for female function or both) and androdioecy 
(investing only for male function or both). In another approach, n-player game models are used when the 
population is composed of individuals with different amount of investment resource, where Nash solution 
is normally adopted as uninvasible strategy. Yamaguchi (1985) proposed an n-player game model and 
obtained Nash solutions representing  gender expressions of androdioecy or cosexual insects. There is no 
individual investing only for female function in the Nash solutions.  
        In the present study, we propose and analyze two n-player game models where individuals have 
different amount of reproductive resource (Ii). The purpose of the first model is to examine why dioecy 
Nash solution does not appear in Yamaguchi model and to clarify the condition that strategy of investing 
only for female function exists. We assume the reproductive success (wi) of i-th individual through 
female and male function are:  

       wiF = cfi wiM = bmi
a ( fi +mi = Ii )       , 

where the former is proportional to the amount of investment for female (fi) and the latter is a power 
function of that for male  (mi).  The analysis clarifies the condition for investment only for female 
function, which is that the exponent (a) is larger than 1. When the exponent is two, dioecy Nash solutions 
appear as we expected. Unfortunately, we haven’t obtained any other gender expressions in this model. 
 The purpose of the second model is to propose another n-player game models where a variety of 
gender expressions can be obtained as Nash solutions, from cosexual to dioecy. We assume a Poisson 
distribution for the probability of pollen hitting an ovule. Then, the reproductive success of i-th individual 
through female and male functions are: 
 

wiF = cfi wiM = cmi(1! e
!!mi ) ( fi +mi = Ii ) , 

 
where β represents the coefficient of pollination efficiency. The model analysis revealed that the 
dioecious condition was derived by lower pollination efficiency. We have dioecy, trioecy, gynodioecy, 
cosexual sequence with the increase of pollination efficiency. There is a sequence of female, male and 
cosexual individuals along the gradient of amount of reproductive resource.  
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Parameter estimation of Wright-Fisher model using the EM algorithm
and likelihood ratio test for detecting selection

One of the biggest problems of the biology is relating genomic information with various phe-
notypic traits. With the emergence of NGS, many new methods to approach this problem was
developed.“ Evolve and Resequence”(E&R) is one of these methods[1].

In E&R study, a population is passaged under a selective pressure for the objective traits. The
population’s genome is resequenced, and allele frequencies at each SNPs is calculated. The result
is compared to that of control population, and used for detecting selected SNPs related to the
traits by statistical analysis. This empirical system is well represented by Wright-Fisher Model,
because it satisfy a constant population size that is an assumption of Wright-Fisher model[2]. We
establish a new method for detecting selected SNPs from E&R data using parameter estimation
of Wright-Fisher model and likelihood ratio test.

In this presentation, We firstly show a new method for estimating parameters of Wright-Fisher
Model, slection coefficients and population numbers. These parameters were estimated from allele
frequencies sharing one starting allele frequency and elapsed time. In our method, Wright-Fisher
model was converted to continuous time Markov chain (CTMC), and applied EM algorithm for
CTMC[3]. To evaluate the precision of that estimation, We derived samples of allele frequencies
from a simulation of Wright-Fisher model. As a result, estimated values from the samples are
distributed unbiasedly around true values.

Secondaly, We show how to detect slected SNPs. We caluculated likelihood for each SNP in the
case of optimized selection and null selection, and detected selected SNPs using likelihood ratio
test.To evaluate the precision of the test, We ranked selected and unselected SNPs depending
on the likelihood ratio. In varied experimental conditions, the detection of our method is more
accurate than that of CMH test, which is the most acurate statistical test for this detection[4].

Furthermore, we show this method can be applied to general diffusion processes. This means
that prameters of various processes represented by diffusion equations can be estimated from data
of the processes.
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Computational Study of Leuckart's Law  
- Swifter Moving Animal Have Large Eye? 

 
Leuckart’s law postulates that among vertebrates, swifter animals should have larger eyes with better 

visual ability. It was supported for mammals but rejected for birds. We ask what is the condition in 

which faster moving animals evolve to have better visual ability? We conducted computer simulation 

studies of an animal moving on a plane that contains many food items as well as obstacles. The animal 

moves at a constant speed but changes its directional angle when it recognizes food items or obstacles. 

We examined the number of food items the animal consumed and the number of obstacles it collided 

with.  

We assume that visible distance is in proportion to eye size, and that it is accompanied by a 

small cost. We obtained the optimal visual distance, which depended on movement speed, and densities 

of foods and obstacles in the field. The positive correlation between movement speed and optimal visual 

distance was stronger with more obstacles and fewer food items. In contrast, the correlation was weak 

(Leuckart’s law does not hold), if food is abundant, obstacles are rare, and collision damage is small.  
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An evolutionary model of primate ovulatory signs and male-male competition 
 
 How to display ovulation is one of the most important problems for primate females. Their signs of 
ovulation can be classified into three types, absent, slight, and exaggerated. Slight ovulatory signs may 
be ancestral traits of primates and some species still exhibit slight signs. However, females of some 
species do not exhibit any signs of ovulation, which is usually termed “concealed ovulation.” Since 
human females also conceal their ovulation, this trait may have influenced human evolution, for example, 
it is often argued that concealed ovulation caused the evolution of pair bond and paternal care in humans. 
In some other species, females show prominent swelling or conspicuous coloration of their perineal skin, 
which is usually termed “exaggerated sexual swellings.”  
 Chimpanzees (Pan troglodytes) and bonobos (Pan paniscus) are closely related to each other and 
both exhibit exaggerated sexual swellings, but their temperaments and behaviors are somewhat different. 
For example, bonobos exhibit less severe aggression, greater social tolerance, and greater empathy than 
chimpanzees. Interestingly, female bonobos often exhibit sexual swellings (estrus) even during 
postpartum amenorrhea or pregnancy, which is called “pseudo-estrus,” although female chimpanzees 
usually do not exhibit estrus during such non-conceptive periods. The long periods of pseudo-estrus may 
weaken male-male competition and raise the social status of females, which may contribute to the 
peaceful nature of bonobo society.  
 I develop a mathematical model to study the coevolution of female ovulatory signs and male-male 
competition in primates. I show that all three types of ovulatory signs, absent, slight, and exaggerated, 
may evolve in multimale and unimale groups and these signs are sometimes simultaneously stable 
(multistable). Male-male competition becomes weak when ovulatory signs are absent or frequently 
expressed. When ovulatory signs are exaggerated, two types of mating strategies, the chimpanzee type 
(relatively short estrus period and strong male-male competition) and the bonobo type (long estrus period 
and weak male-male competition), may evolve and they also can be bistable. These results may explain 
why various types of female ovulatory signs evolved in primates and how the signs have affected primate 
societies.  
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Leuckart’s law postulates that among vertebrates, swifter animals should have larger eyes with better 

visual ability. It was supported for mammals but rejected for birds. We ask what is the condition in 

which faster moving animals evolve to have better visual ability? We conducted computer simulation 

studies of an animal moving on a plane that contains many food items as well as obstacles. The animal 

moves at a constant speed but changes its directional angle when it recognizes food items or obstacles. 

We examined the number of food items the animal consumed and the number of obstacles it collided 

with.  

We assume that visible distance is in proportion to eye size, and that it is accompanied by a 

small cost. We obtained the optimal visual distance, which depended on movement speed, and densities 

of foods and obstacles in the field. The positive correlation between movement speed and optimal visual 
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An evolutionary model of primate ovulatory signs and male-male competition 
 
 How to display ovulation is one of the most important problems for primate females. Their signs of 
ovulation can be classified into three types, absent, slight, and exaggerated. Slight ovulatory signs may 
be ancestral traits of primates and some species still exhibit slight signs. However, females of some 
species do not exhibit any signs of ovulation, which is usually termed “concealed ovulation.” Since 
human females also conceal their ovulation, this trait may have influenced human evolution, for example, 
it is often argued that concealed ovulation caused the evolution of pair bond and paternal care in humans. 
In some other species, females show prominent swelling or conspicuous coloration of their perineal skin, 
which is usually termed “exaggerated sexual swellings.”  
 Chimpanzees (Pan troglodytes) and bonobos (Pan paniscus) are closely related to each other and 
both exhibit exaggerated sexual swellings, but their temperaments and behaviors are somewhat different. 
For example, bonobos exhibit less severe aggression, greater social tolerance, and greater empathy than 
chimpanzees. Interestingly, female bonobos often exhibit sexual swellings (estrus) even during 
postpartum amenorrhea or pregnancy, which is called “pseudo-estrus,” although female chimpanzees 
usually do not exhibit estrus during such non-conceptive periods. The long periods of pseudo-estrus may 
weaken male-male competition and raise the social status of females, which may contribute to the 
peaceful nature of bonobo society.  
 I develop a mathematical model to study the coevolution of female ovulatory signs and male-male 
competition in primates. I show that all three types of ovulatory signs, absent, slight, and exaggerated, 
may evolve in multimale and unimale groups and these signs are sometimes simultaneously stable 
(multistable). Male-male competition becomes weak when ovulatory signs are absent or frequently 
expressed. When ovulatory signs are exaggerated, two types of mating strategies, the chimpanzee type 
(relatively short estrus period and strong male-male competition) and the bonobo type (long estrus period 
and weak male-male competition), may evolve and they also can be bistable. These results may explain 
why various types of female ovulatory signs evolved in primates and how the signs have affected primate 
societies.  
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Evolutionary arm races in recognition signals of symbiotic partners:  
mutualists vs. parasites 

 
 Horizontally acquired mutualism, in which host individuals do not transmit symbionts to their 
offspring but acquires them from the habitat they live in, is ubiquitous in the real world.  In such 
mutualism, hosts and mutualistic symbionts recognize each other by using various signals.  For example, 
legumes engage in symbiosis with a specific strain of rhizobia (root nodule bacteria) by recognizing 
strain-specific signals (Nod factors, etc.) that are synthesized and secreted by the bacteria.  Such 
recognition signals are usually complicated and highly specific to each partner species. 
 One of the reasons why recognition signals are complicated and specific has been thought that a 
host must discriminate mutualistic symbionts from parasitic ones[1].  It is often assumed that these 
recognition systems are derived from innate immune systems of host species[1].  In order to establish a 
mutualistic relationship, a host must tolerate mutualistic symbionts infecting it and/or a mutualistic 
symbiont must suppress the innate immune systems of its host. However, such tolerance and suppression 
mechanisms will also increase the risk of parasitic infection.  Thus, tolerance and suppression 
mechanisms have been thought to be complicated and species-specific. 
 Coevolutionary process of recognition signals in a host-mutualist-parasite system must not to be 
simple, because a host needs to conserve a signal suitable for mutualists whereas it has to escape 
parasites by changing its signal.  To examine the coevolutionary process of these signals, we considered 
a Lotka-Volterra model of a host-mutualist-parasite system.  We modeled amino acid sequences of 
variable regions of mutualist's and parasite's ligands and host's receptors by binary codes (i.e. sequences 
made up of 0 and 1).  We assumed that a host engages in symbiosis with a symbiont when all bits of the 
symbiont's code match the host's one.  A longer variable region means more complexity in signals, and 
we ask under what condition a more complex signal (a longer code) is favored and whether the signal 
can effectively discriminate mutualists from parasites. 
 Our model reveals that it is difficult for hosts to escape parasites while keeping symbiosis with 
mutualists. In other words, a commoner signal among mutualists also becomes common in the parasite 
population, and as a result hosts can hardly discriminate mutualists from parasites. We find that two 
evolutionary consequences are possible, depending on the magnitude of deleterious effect caused by 
parasites.  First, if the deleterious effect is weak, hosts give up escaping parasites and engage in 
symbiosis without discriminating parasites from mutualists.  Simple non-specific signals then evolve in 
the host population.  Second, if the deleterious effect is larger than the beneficial effect brought by 
mutualists, hosts give up maintaining a stable relationship with mutualists and run away from parasites 
by cyclically changing signals, leading to complicated and ever-changing signals. Finally, we discuss 
geographical differentiation of the codes by introducing spatial structure in the model.   
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Institutional sacrifice and individual elitism on the evolution of cooperation 
 
  Although social dilemmas can be resolved if punishing non-contributors or rewarding contributors 
works, such external incentives entail certain expenses. As a result, a contributor who shirks her or his 
duty to provide incentives for other players will emerge, and she or he will be more advantageous than 
an incentive-provider. In fact, the problem of excluding such contributive yet non-incentive-providers, i.e. 
second-order free-riders, is a well-known academic challenge.  
 
 In order to meet this challenge, we mathematically analyze an integrated model of punishment and 
reward in public good games. One of our main results on turbulent replicator dynamics of the model 
shows that a punishment system can maintain a cooperative regime if and only if the turbulence rate is 
positive. This is because a few of non-contributive invaders drastically push down the average payoff 
and the incentive providers can exceed it even though their payoffs are lower than those of the second-
order free-riders. If such invaders are not provided, the cooperative regime would be fragile because the 
incentive providers are extinct as a neutral drift effect, and consequently; non-contributors can invade. 
Those anti-social invaders let the players be contributive, and therefore, they receive higher payoffs than 
they would without invaders. This difference in price is rationally useful for an underlying asset for 
keeping the invaders. Therefore, such the institutional sacrifice would be feasible if a centralized 
institution could place tax on the players to put them in the regime. 
 
 Another main result is on the reward side. If rewarders give benefits to cooperators only, the reward 
system does not work because providing rewards is equivalent to the public good itself. However, the 
situation drastically changes when there are selective rewarders who reward contributive rewarders only 
in the regime. A tentative analysis shows that they can survive among non-contributors, contributive yet 
non-rewarders, contributive rewarders who reward all contributors, and contributive rewarders who 
reward all rewarders. The key assumption satisfying the stability is a linkage strategy that players who 
tend to reward the other players' cooperative behaviors also tend to reward their rewarding behaviors. A 
pool reward system is less efficient than the peer system. The selective rewarders favor the like-minded 
players. Although a careful argument on the difference of the like-minded reward and self-reward is 
required, such the individual elitism is one of the powerful solutions for resolving social dilemmas.  
 
 Our idea is effective not for achieving cooperative regimes but for maintaining them. If the majority 
is non-contributors, both systems cannot reach the cooperative solutions. One of the fruitful points of our 
tentative result is the asymmetry of reward and punishment systems. Our result suggests that an 
institutional management is appropriate if a peer punishment systems works while an individual norm 
pertains if a peer reward system works. Future extension should be dealt with this point.  
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legumes engage in symbiosis with a specific strain of rhizobia (root nodule bacteria) by recognizing 
strain-specific signals (Nod factors, etc.) that are synthesized and secreted by the bacteria.  Such 
recognition signals are usually complicated and highly specific to each partner species. 
 One of the reasons why recognition signals are complicated and specific has been thought that a 
host must discriminate mutualistic symbionts from parasitic ones[1].  It is often assumed that these 
recognition systems are derived from innate immune systems of host species[1].  In order to establish a 
mutualistic relationship, a host must tolerate mutualistic symbionts infecting it and/or a mutualistic 
symbiont must suppress the innate immune systems of its host. However, such tolerance and suppression 
mechanisms will also increase the risk of parasitic infection.  Thus, tolerance and suppression 
mechanisms have been thought to be complicated and species-specific. 
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Institutional sacrifice and individual elitism on the evolution of cooperation 
 
  Although social dilemmas can be resolved if punishing non-contributors or rewarding contributors 
works, such external incentives entail certain expenses. As a result, a contributor who shirks her or his 
duty to provide incentives for other players will emerge, and she or he will be more advantageous than 
an incentive-provider. In fact, the problem of excluding such contributive yet non-incentive-providers, i.e. 
second-order free-riders, is a well-known academic challenge.  
 
 In order to meet this challenge, we mathematically analyze an integrated model of punishment and 
reward in public good games. One of our main results on turbulent replicator dynamics of the model 
shows that a punishment system can maintain a cooperative regime if and only if the turbulence rate is 
positive. This is because a few of non-contributive invaders drastically push down the average payoff 
and the incentive providers can exceed it even though their payoffs are lower than those of the second-
order free-riders. If such invaders are not provided, the cooperative regime would be fragile because the 
incentive providers are extinct as a neutral drift effect, and consequently; non-contributors can invade. 
Those anti-social invaders let the players be contributive, and therefore, they receive higher payoffs than 
they would without invaders. This difference in price is rationally useful for an underlying asset for 
keeping the invaders. Therefore, such the institutional sacrifice would be feasible if a centralized 
institution could place tax on the players to put them in the regime. 
 
 Another main result is on the reward side. If rewarders give benefits to cooperators only, the reward 
system does not work because providing rewards is equivalent to the public good itself. However, the 
situation drastically changes when there are selective rewarders who reward contributive rewarders only 
in the regime. A tentative analysis shows that they can survive among non-contributors, contributive yet 
non-rewarders, contributive rewarders who reward all contributors, and contributive rewarders who 
reward all rewarders. The key assumption satisfying the stability is a linkage strategy that players who 
tend to reward the other players' cooperative behaviors also tend to reward their rewarding behaviors. A 
pool reward system is less efficient than the peer system. The selective rewarders favor the like-minded 
players. Although a careful argument on the difference of the like-minded reward and self-reward is 
required, such the individual elitism is one of the powerful solutions for resolving social dilemmas.  
 
 Our idea is effective not for achieving cooperative regimes but for maintaining them. If the majority 
is non-contributors, both systems cannot reach the cooperative solutions. One of the fruitful points of our 
tentative result is the asymmetry of reward and punishment systems. Our result suggests that an 
institutional management is appropriate if a peer punishment systems works while an individual norm 
pertains if a peer reward system works. Future extension should be dealt with this point.  
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Conditional learning strategy choice in domestic chicks 
 
 Environmental harshness in food resources varies in nature and thus foraging animals could adapt 
their cognitive ability to environment in different levels [1]. Learning mechanism is in particular 
important among several aspects of animal cognition. However, how they adapt learning strategy to 
environment is unclear. We developed a general learning model for value-based decision-making that 
considers reward sensitivity, risk sensitivity, and discounting for past value in the reward prediction error. 
We conducted a model-fit analysis to behavioral data of domestic chicks in laboratory tests of a two-
armed bandit task affected by environmental change. We found that chicks use less past-value-
discounting strategy when their starting environmental condition is harsh. This result suggests that 
animals might plastically adopt Rescorla-Wagner like learning, which is realized with no past value 
discounting, in harsh environment.   
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Toward the simplest theoretical model for the circadian rhythms 
 

Circadian timing is conserved for many species. How can we integrate our knowledge about the 
mechanisms for the circadian rhythms at molecular scales and network scales? One possible way is to 
construct a computational model, which incorporates all the known molecules for the rhythms in our 
body and environmental factors such as light, food, and temperature. It should be ideal if such a complex 
model can precisely predict the behaviors of our rhythms under various conditions.  

 
In our study, we have taken a different approach. Indeed, we have tried to derive the simplest 

theoretical model that can simultaneously explain the mechanisms for (1) autonomous rhythms, (2) 
entrainment under environmental cycles, and (3) stability of period against temperature (so-called, 
temperature compensation). In this presentation, we wish to mainly discuss our results in regard to 
temperature compensation. This stability of period against temperature is peculiar because biochemical 
reactions should get faster with temperature and also because other biological systems are often sensitive 
to temperature (eg. the period of cell cycle of mammalian cultured cells becomes approximately one 
third as temperature rises by 10 degree).  

 
By developing a simple model for the circadian rhythms, we considered how the period of 

oscillations can be maintained against temperature change when all the reactions are assumed to get 
faster with temperature. Through the analyses, we theoretically predicted that sensitivity of amplitude to 
temperature is essential for the maintenance of period. We also compared the results from our simple 
model with those from a published detailed model. Finally, we experimentally tested our prediction at 
mammalian circadian rhythms of cultured cells, and yeast respiration rhythms. 

 
This study was done in the collaborations with Atsuko Fujioka (Kindai), Satoshi Koinuma 

(Kindai), Yasufumi Shigeyoshi (Kindai), Benjamin Tu (UTSW), and Atsushi Mochizuki (RIKEN). 
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Bifurcation analysis of a self-organizing signaling system for eukaryotic
chemotaxis

Phosphatidylinositol 3,4,5-trisphosphate (PIP3) is a membrane lipid that works as a directional
compass in migrating cells such as amoeba cells and white blood cells. Remarkably, depending
on different experimental conditions, PIP3 shows both transient patterns and oscillatory patterns
[1]. Here, we analyzed the following reaction-diffusion model of the phosphatidylinositol signaling
system in one dimension with periodic boundary conditions, which models the 2D cell membrane.
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Numerical bifurcation analysis showed that equilibrium solutions can be classified into three
categories, uniform, unimodal and bimodal solutions. Both uniform and unimodal solutions are
stable for some parameter regions. We found that transient patterns of PIP3 can be explained
by the “ghost” after equilibrium solutions disappear at a saddle-node bifurcation. We further
reduced the original PDEs to a system of five-variable ODEs, considering only local and global
concentrations (Local Perturbation Analysis [2]). The bifurcation analysis of the reduced ODEs
supports the above observation. We also found that the duration and spatial width of such
transient patterns are mainly determined by the excitable properties of the dynamical system,
largely irrespective of the shape of initial perturbations.
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Mathematical modeling of telomere length attrition in hematopoietic tissue 
 
 Telomere length shortens with age. When the telomere length becomes sufficiently 
short, cells stop dividing, which eventually leads to the function loss of cells and the 
end of life. In this paper, we develop a mathematical model of a hematopoietic tissue 
with telomere length attrition. We incorporate failure rate of replication in the telomere 
region in hematopoietic stem cells, and symmetric and asymmetric stem cell divisions 
into the model. As a result, we found that the slope of telomere length attrition is 
linearly dependent on the failure rate of replication in the telomere region. Moreover, a 
rate of symmetric stem cell division is not related to the slope. Our observation is 
confirmed by a clinical data about the telomere length in a white blood cell at different 
ages of patients [1]. Finally, by fitting the slope of telomere reduction in our model to 
the clinical data, we find that hematopoietic stem cells fail to replicate telomere at 
probability from 20 to 40 % per replication. From the model, we present the method of 
calculating the life span of hematopoietic system with sequential sampling of 
peripheral blood. 
 

REFERENCE 
[1] Aubert G, Baerlocher G, Vulto I, Poon S, Lansdorp P (2012) Collapse of Telomere 
Homeostasis in Hematopoietic Cells Caused by Heterozygous Mutations in Telomerase 
Genes. PLos Genet 8(5): e1002696. 

O6-5
 

Sang-Woo Lee 
RIKEN QBiC, Kobe, Japan 
e-mail:ledman97@gmail.com 
 

Yoshihiro Morishita 
RIKEN QBiC, Kobe, Japan 
 
 

Cell extrusion induced by geometrical and mechanical heterogeneity in growing 
epithelial tissues 

 
 During epithelial development, cells are sometimes extruded from growing tissues, which may be 
essential for achieving normal morphogenesis. So far, two major mechanisms of cell extrusion are 
reported. One is the apoptotic cell extrusion by cell competition; when genetically different cell 
populations are mixed, cells with lower fitness (e.g., growth rate) are eliminated from the tissue. Without 
this extrusion, tissues would have gaps by dying cells and lose their barrier function [1]. The other is live 
cell extrusion, which can be observed in a homogeneous and growing cell population under the high cell 
density condition, which could prevent from causing problems like tumorigenesis due to the piling of 
cells or tissue fold [2]. These experimental observations suggest the relationship between these cell 
extrusion processes and cell/tissue mechanics. 
 For the purpose of understanding basic mechanisms of the cell extrusion processes, using the vertex 
dynamics model, we examined how the frequency of cell extrusion occurring in a growing tissue 
composed of genetically identical cells depends on cell mechanical and geometrical parameters such as 
fluidity, plasticity, division orientation, and growth rate. Our simulation study shows that the frequency 
strongly depends not only on the cell density, but also other parameters. Especially, we found that, 
regardless of the kind of parameters, the frequency of cell extrusion is highly correlated with the 
heterogeneity in stress state and geometry between cells. Our results give a possible definition of the 
fitness of cells from the viewpoint of cell mechanics, providing a clue to understanding mechanisms of 
cell competition observed in growing tissues composed of genetically heterogeneous cells. 
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Phase response of plant circadian clocks yields robust metabolic
rhythms under variations in daylength.

Circadian clocks that generate about 24-h rhythmicity are ubiquitous among living organisms.
In higher plants, the clocks are involved in leaf movement, gene expression, and flowering [1].
Entrainment of circadian rhythms by environmental time cues such as temperature and light is
essential to coordinate the phase of the rhythms with the local environment. A recent study
has demonstrated that photosynthetically derived sugars also affect the plant circadian system.
Sucrose pulses advance the phase of the rhythms in the morning and delay in the night [2]. The
plant clocks in turn control carbon metabolism [3, 4]. For instance, starch exhaustion occurs at
the internal dawn predicted by the clocks, not at the actual dawn. Moreover, starch turnover is
flexibly regulated under changing photoperiod conditions; starch degrades slowly (rapidly) under
longer (shorter) night [4]. The amount of starch varies significantly in a day, whereas sucrose
stays almost constant regardless of photoperiod [5], which implies that plants try to minimize
variance of sucrose abundance. The correct timing of carbon metabolism is suggested to optimize
plant growth [3]. However, it is still unclear how the robust carbon metabolism is accomplished.

In this study, we show that the phase shifts of circadian rhythms elicited by sugar signals
are essential for the robustness of metabolic rhythms. We first extend a mathematical model
of starch and sucrose dynamics [6] to consider interplay of circadian clocks and metabolism. A
phase oscillator model is utilized to describe dynamics of the plant clock influenced by light and
sugar stimuli. We assume that starch degradation rate is directly affected by the phase of the
circadian oscillator. Moreover, the hyperbolic shape of starch degradation rate is introduced
to achieve the fundamental characteristics of the carbon metabolism such as linearity of starch
profile. Next, using the extended model, we demonstrate that the phase response curve (PRC) to
sugar signals that realizes sucrose homeostasis is the same as the one determined by experiment.
Applying PRCs predicted by the model to simulate sucrose and starch profiles under changing
photoperiod results in an accelerated (decelerated) increase of starch in response to decreased
(increased) photoperiod. These results suggest that sucrose homeostasis and phase shifts of the
oscillator are closely related to flexible starch turnover under the fluctuating environment.
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Estimation of the growth rate gradient on molluscan shells: From shape to growth 

 
 
 Mollusca, which includes such as Monoplacophora, Bivalvia, Gastropoda and Cephalopoda, is a 
large phylum of invertebrate animals. One of their characteristic traits is that many of them have calcium 
carbonate-based external shells. By protecting their bodies from predators and physical disturbances with 
their shells, mollusks are able to live in diverse habitats. 
 The shells are formed through an accretionary growth, in which the epidermis of the mantle 
gradually secretes shell materials. Because the growth pattern of a molluscan shell is controlled by the 
growth rate around its aperture, the morphology of molluscan shells provides a record of the growth rate 
at the aperture of the shell. Molecular biological studies have shown that the growth rate gradient along 
the aperture of a molluscan shell can be closely related to gene expression at the aperture. For example, 
Shimizu et al. (2013) quantified expression levels of decapentaplegic (dpp), which is a gene coding Dpp, 
and phosphorylated SMAD 1/5/8 (pSMAD1/5/8), which is an intracellular protein transducing signals 
from Dpp, in mantle edges. A laboratory line of a pond snail is polymorphic with respect to the coiling 
direction of shells. They found that the pattern of local growth rate corresponded to coiling directions. 
Right-coiled shells showed high expression levels in the right part of the mantle edge, while left-coiled 
shells displayed opposite patterns. In another species in gastropods, with non-coiled shells, they found 
almost symmetric expression levels. If such concentration patterns can be compared with the growth rate 
quantified independently of the shell form, we could deepen our understanding of the relationship 
between them. 
 Here, we develop a novel method for deriving microscopic growth rates from the macroscopic 
shapes of molluscan shells. The growth vector map (Hammer and Bucher, 2005) of a shell provides 
information on the growth rate gradient as a vector field along the aperture, over the growth history. 
However, it is difficult to estimate the growth vector map directly from the macroscopic shape of a 
specimen, due to the very high degree of freedom of the growth vector map. In order to overcome this 
difficulty, we develop a method of estimating the growth vector map based on a growing tube model 
(Okamoto, 1988), which includes fewer parameters to be estimated. In addition, we calculate an aperture 
map (Rice, 1998) specifying the magnitude of the growth vector at each location, which can be compared 
with the expression levels of several genes or proteins that are important in morphogenesis.  
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Phase response of plant circadian clocks yields robust metabolic
rhythms under variations in daylength.

Circadian clocks that generate about 24-h rhythmicity are ubiquitous among living organisms.
In higher plants, the clocks are involved in leaf movement, gene expression, and flowering [1].
Entrainment of circadian rhythms by environmental time cues such as temperature and light is
essential to coordinate the phase of the rhythms with the local environment. A recent study
has demonstrated that photosynthetically derived sugars also affect the plant circadian system.
Sucrose pulses advance the phase of the rhythms in the morning and delay in the night [2]. The
plant clocks in turn control carbon metabolism [3, 4]. For instance, starch exhaustion occurs at
the internal dawn predicted by the clocks, not at the actual dawn. Moreover, starch turnover is
flexibly regulated under changing photoperiod conditions; starch degrades slowly (rapidly) under
longer (shorter) night [4]. The amount of starch varies significantly in a day, whereas sucrose
stays almost constant regardless of photoperiod [5], which implies that plants try to minimize
variance of sucrose abundance. The correct timing of carbon metabolism is suggested to optimize
plant growth [3]. However, it is still unclear how the robust carbon metabolism is accomplished.

In this study, we show that the phase shifts of circadian rhythms elicited by sugar signals
are essential for the robustness of metabolic rhythms. We first extend a mathematical model
of starch and sucrose dynamics [6] to consider interplay of circadian clocks and metabolism. A
phase oscillator model is utilized to describe dynamics of the plant clock influenced by light and
sugar stimuli. We assume that starch degradation rate is directly affected by the phase of the
circadian oscillator. Moreover, the hyperbolic shape of starch degradation rate is introduced
to achieve the fundamental characteristics of the carbon metabolism such as linearity of starch
profile. Next, using the extended model, we demonstrate that the phase response curve (PRC) to
sugar signals that realizes sucrose homeostasis is the same as the one determined by experiment.
Applying PRCs predicted by the model to simulate sucrose and starch profiles under changing
photoperiod results in an accelerated (decelerated) increase of starch in response to decreased
(increased) photoperiod. These results suggest that sucrose homeostasis and phase shifts of the
oscillator are closely related to flexible starch turnover under the fluctuating environment.
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Estimation of the growth rate gradient on molluscan shells: From shape to growth 

 
 
 Mollusca, which includes such as Monoplacophora, Bivalvia, Gastropoda and Cephalopoda, is a 
large phylum of invertebrate animals. One of their characteristic traits is that many of them have calcium 
carbonate-based external shells. By protecting their bodies from predators and physical disturbances with 
their shells, mollusks are able to live in diverse habitats. 
 The shells are formed through an accretionary growth, in which the epidermis of the mantle 
gradually secretes shell materials. Because the growth pattern of a molluscan shell is controlled by the 
growth rate around its aperture, the morphology of molluscan shells provides a record of the growth rate 
at the aperture of the shell. Molecular biological studies have shown that the growth rate gradient along 
the aperture of a molluscan shell can be closely related to gene expression at the aperture. For example, 
Shimizu et al. (2013) quantified expression levels of decapentaplegic (dpp), which is a gene coding Dpp, 
and phosphorylated SMAD 1/5/8 (pSMAD1/5/8), which is an intracellular protein transducing signals 
from Dpp, in mantle edges. A laboratory line of a pond snail is polymorphic with respect to the coiling 
direction of shells. They found that the pattern of local growth rate corresponded to coiling directions. 
Right-coiled shells showed high expression levels in the right part of the mantle edge, while left-coiled 
shells displayed opposite patterns. In another species in gastropods, with non-coiled shells, they found 
almost symmetric expression levels. If such concentration patterns can be compared with the growth rate 
quantified independently of the shell form, we could deepen our understanding of the relationship 
between them. 
 Here, we develop a novel method for deriving microscopic growth rates from the macroscopic 
shapes of molluscan shells. The growth vector map (Hammer and Bucher, 2005) of a shell provides 
information on the growth rate gradient as a vector field along the aperture, over the growth history. 
However, it is difficult to estimate the growth vector map directly from the macroscopic shape of a 
specimen, due to the very high degree of freedom of the growth vector map. In order to overcome this 
difficulty, we develop a method of estimating the growth vector map based on a growing tube model 
(Okamoto, 1988), which includes fewer parameters to be estimated. In addition, we calculate an aperture 
map (Rice, 1998) specifying the magnitude of the growth vector at each location, which can be compared 
with the expression levels of several genes or proteins that are important in morphogenesis.  
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Delay induced enhancement of stability domain in a prey-predator
model with Allee effect

Incorporation of time delay into the population model in general enhance the unstable scenario.
Sometimes the delayed model exhibit switching of stability for the coexisting steady-state but this
phenomena is not well supported in the context of ecology. A natural question arises whether the
formulation delayed model, by incorporating delayed terms into the ODE models, is responsible for
such kind of discrepancy or not. Here we consider a prey-predator with Allee effect in prey growth
and delayed model is constructed to study the effect of gestation period for predator population
on the dynamics of the system. By working on the stability and bifurcation properties of various
equilibrium points, we have shown that the inclusion of delay can enhance the stability domain.
The enhancement of stability domain is established by constructing two parametric bifurcation
diagram with delay as one of the bifurcation diagram. Through numerical investigation, it is also
established that the switching of stability is not possible for the model under consideration.
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The allocation of fish boat to fishing ground and its management 
 
 The allocation of fish boat is important issue in two meanings; one is to increase a benefit for 
fisherman, the other one is a management for stock. Both points are trade-off. The stock may not sustain 
if catch amount increase without care. Therefore, the optimal strategy (The optimal balance of an 
allocation of the fish boat, catch and fish amount) for fishing is considered. 
 
 To consider the optimal balance of an allocation of the fish boat, catch and fish amount, we suggest 
the model incorporating these factors.  For simplicity, we consider the model with two fishing ground 
and one port as a structure. Total fish boat is constant in the port. These one takes two states, one is 
operating fishery, and the other is absent. Of course, operating fish boat can be separate the boat going to 
some fishing ground or others. 
  
 As analysis, we consider several situation on the fish stock dynamics, in other words, to assume the several 
types of movement, and population dynamics. Under the situation, we suggest the most optimal strategy for fishing. 
Finally, we discuss the balance of allocation of fish boat based on several types of fish. 
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Statistical mechanics of competitive exclusion of ecological
communities

While the competitive exclusion principle or Gauze’s law has been regarded as one of the
most fundamental laws of ecology, it has also aroused controversy since it is rarely observed in
real ecosystems and there are many exceptions such as coexistence of large numbers of plankton
species within small regions of open sea. Although many types of explanations for such exceptions
has been proposed, e.g., life history, body size, spatial heterogeneity, trophic interactions, multiple
resource competition, competition-colonization trade-offs, etc., there are few mathematical models
incorporating such factors. Here we consider the replicator equations

dxi

dt
= xi

(
fi − f̄

)
, i ∈ [1, · · · , 2N ],

with 2N × 2N random symmetric interaction matrix A which has four blocks.

A =

(
A1 A1→2

A2→1 A2

)

where each block matrix A1, A1→2, A2→1 and A2 is a N ×N symmetric random matrix corre-
lating each other:

Corr(A1
ij ,A

2
ij) =

W 2
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ij ) =
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√
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W 2 + V 2

√
W̄ 2 + V̄ 2

,

Corr(A1→2
ij ,A2→1

ij ) =
W̄ 2

W̄ 2 + V̄ 2
.

The control parameters W , W̄ , V and V̄ are introduced for the correlation among the matrices
as:

A1
ij = A1

ji = Wa0ij + V a1ij , A2
ij = A2

ji = Wa0ij + V a2ij ,

A1→2
ij = A1→2

ji = A2→1
ij = A2→1

ji = W̄a0ij + V̄ a1→2
ij ,

where a0ij , a1ij , a2ij and a1→2
ij are generated by i.i.d. standard normal distribution. The block

structure of the interaction matrix A incorporates, e.g., spatial heterogeneity (two patches), two
body sizes (two levels of age structure) in the replicator equations. The main result of the
statistical mechanics analysis is that the larger the correlation, that is, more species compete for
a same resource, the lower the diversity, which means community-level competitive exclusion in
the large-scale ecosystem model. The community-level competitive exclusion has been proved for
two elementary hypercycles [1] but the present model may be the first example for more complex
community. We will present a detail of the model and the relation between the diversity and the
correlation.
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Spreading speeds of invasive species in a periodic patchy environment:
Effects of dispersal based on long-range taxis and population pressure

We consider a periodic environment with favorable and unfavorable patches alternately ar-

ranged in one dimension. In such heterogeneous environments, dispersal of organisms could be

influenced by various factors such as (1) taxis toward more favorable environments and (2) dis-

persal induced by population pressure due to mutual interference among individuals. At the

same time, the rate of population growth would also change depending on the favorability of

environments. Here we propose reaction-diffusion-advection models:

∂n

∂t
=

∂2

∂x2
{(D0 + βn)n}− ∂u(x)n

∂x
+ (r(x)− µn)n,

in which the diffusion term D0 + βn is density-dependent because of population pressure, the

advection term u(x) is given by a long-range taxis, and the growth rate r(x) − µn depends on

both the environmental conditions and the population density. The long-range taxis, as typically

seen in higher order animals, represents the case in which organisms can perceive environmental

stimuli by sight and other appropriate senses in a range which is much longer than the body size.

We show how these factors interplay in determining the spatio-temporal distribution of invasive

species and its rate of spread.
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Delta-Notch interaction and cell mixing during angiogenesis in retina

Delta and Notch are membrane proteins which are identified first as generators of lateral
inhibition [1]. In a single cell, Delta and Notch mutually inhibit each other (cis-interaction). Delta
also promotes activity of Notch in a neighboring cell (trans-interaction). By these interactions,
the cells alternately express Delta and Notch. Delta-Notch system is broadly used in animal
development such as bristle formation in Drosophila [1], lung neuroendocrine cell differentiation
[2] and tip cell selection in angiogenesis [3]

In angiogenesis, there are two type of endothelial cells; tip cells and stalk cells. Tip cells
that strongly expresses Delta (Dll4) lead stalk cells when they migrate into tissues [4]. Stalk
cells express Delta irregularly (alternately, sporadically or homogeneously) [5]. Sporadic pattern
cannot be reproduced by previous Delta-Notch interaction models.

By recent research, it is revealed that endothelial cells moves randomly and change their relative
positions [6]. Here we show that in vivo patterns can be generated by Delta-Notch interaction
with random cell movements. We formulated a minimal model that is analytically manageable.
In the model, we regarded random cell movement as flip with the neighboring cells. We derived
the instability condition and reproduced the three patterns observed in vivo.

These analyses and calculations suggest that local differences of mobility critically affect stalk
cells’ Dll4 expression patterns. Therefore, we are now trying to observe the random cell movement
using retina organ culture.
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A mathematical model of sponge structure 
 
 Do you know the multicellular animal, sponges? Sponges have various species-specific body 
shapes as shown in Fig 1, and their body shape basically depends on the shape of their inner skeletons, 
the assemblage of small skeletal elements, spicules. We (Funayama’s group) recently revealed the 
unexpected dynamic process of skeleton construction of sponges, in which siliceous spicules are 
dynamically carried by newly discovered “transport cells” and then become being held up by fixed to the 
substratum or build up by connected to the spicule constructing skeleton by collagenous matrix[1]. It was 
also revealed that the skeleton of sponges is constructed by fundamentally different developmental 
principles from that of other animal skeleton formation: the iteration of sequential cellular reactions by 
collective cell behaviors of player cells spicule (transport-pierce outer epithelia-raise up-cementation by 
collagenous matrix) construct a skeleton spicule by spicule [1]. Since it seems highly possible that the 
revealed mechanisms are generally used in sponges and can explain the great morphological variations of 
siliceous sponges, our final goal is to construct the simulation model of spiculous skeleton construction 
of sponges. In this study, for the first step, we attempted to make a mathematical model of the movement 
of spicules in XY plane that match to the previously examined trajectories of carried spicules in sponges. 

          
Fig 1. Sponges have wide variety of species-specific body shapes  

 
 To make a mathematical model, it is important what kind of force acts on a spicule. Based on the 
previous findings that a spicule is carried by a group of transport cells, and spicules are carried in the 
direction of their long axis, both forward and backward, and rather stochastically [1] (Fig. 2 left panel), in 
the simulation model, we assumed that 1) the direction of the force to carry spicule is random; 2) the 
resistance depends on the direction of the spicule and the velocity of each point on a carried spicule. 
Additionally, as shown in Fig. 2, in the simulation, the rim of the epithelia surrounded the sponge body is 
described as a circle, spicules are carried inside the circle randomly, and when centroid of the carried 
spicules crossed the circle, spicules are fixed to that points mimicking the spicule cementation.  

                      
Fig 2. An example of trajectories of finally held up spicules and the Simulation of spicule movement 

 
 To validate our mathematical model, we performed simulation. As the results, the movement of the 
spicule in simulation resembles real movement. On the other hand, the pattern of where spicules are held 
up (and fixed) in simulation did not match to the real data and this remained for future study. We would 
like to briefly talk about our recent attempt for the simulation of skeleton construction in XZ plane. 
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A model of multicellular organisms using multivariable polynomials
– Polynomial Life –

Most of life maintains itself through turnover, namely cell proliferation, movement, and elimi-
nation. Hydra’s cells, for example, disappear continuously from the ends of tentacles, but these
cells are replenished by cell proliferation within the body. Inspired by such a fact, and together
with various operations of polynomials, I here propose polynomial-life model towards effective
analysis multicellular organisms’ phenomena. Polynomial-life denotes a multicell that are ex-
pressed as multivariable-polynomials. A cell is expressed as a term of polynomial, in which point
(m,n) is described as a term xmyn and the condition is as its coefficient. Further cell elimination
can be expressed as reduction by other polynomials, while, likewise, cell proliferation and move-
ment can easily be expressed as some operations of polynomials. Starting with a single term and
following reductions by set of polynomials, I simulate development from a cell to a multicell. In
order to confirm uniqueness of the eventual multicell-pattern, I exploit Gröbner base, which have
conventionally been used to ensure uniqueness of normal form in the mathematical context.

In this framework I am going to present various patterns through the polynomial-life model.
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Two-dimensional patterning of stomatal lineage in plants 
 
 Stomata are epidermal structures that mediate gas exchange in plants, and are usually formed 
separately to each other.  In the initial step of their development, stomatal lineage cells are self-organized 
from a homogeneous field.  Genetic analysis has identified many important molecules so far.  For 
example, transcription factors SPCH and SCRM promote cooperatively stomatal differentiation, while 
secreted peptides EPF2 and Stomagen interact with receptor kinase ERECTA and receptor-like protein 
TMM to control stomatal patterning.  Recently, we found that this stomatal regulatory network involves 
feedback interactions [1].  Based on these experimental findings, in our previous study, we have 
constructed and investigated a mathematical model, and successfully generated stomatal patterns of wild 
type and many mutants by computational simulations [1].  However, it was difficult to predict stomatal 
pattern by theoretical analysis but not by numerical simulations.  Thus, in this study, we first developed a 
theoretical method for predicting pattern density based on the correlation between pattern type and 
equilibrium position.  We then applied this method to the case of stomatal patterning of Arabidopsis 
leaves to understand the mechanism of stomatal pattern formation.  As a result, our model analysis 
suggests that stomatal lineage pattern is initiated by Turing mechanism modulated by multiple ligand-
receptor interactions. 
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Phase field description of spatially anisotropic cell-cell interaction

Cell morphodynamics is a fundamental property in many biological processes such as cell mi-
gration, phagocytosis and cytokinesis. Symmetry breaking of cellular polarity is often dictated by
extracellular cues such as chemoattractant, adhesion to substrates and other cells. Previously, we
have described single-cell behavior of spontaneous membrane deformation of single Dictyostelium
discoideum cells using a phase-field model coupled to excitable dynamics[1]. Recent studies have
shown that by extending the formalism to describe two cells with spatially anisotropic inhibitory
interactions, phase field models could be of use to address collective cell behavior[2]. Such studies
indicate the importance of local cell-cell interactions in various multicellular behaviors, however
the broad spectrum of other possible forms of interactions has not been addressed thus far.

Here, in order to understand the role of cell contact mediated interactions during the collec-
tive migration of Dictyostelium[3], we numerically study a phase-field model that incorporates a
generalized form of local spatially anisotropic cell-cell interaction. We employ a phase-field model
to describe spontaneous deformation of Dictyostelium[1] that describes time-space evolution of
variables the inhibitor Ui(r), the activator Vi(r), and the phase φi(r). The inhibitor promotes
back-side retraction, the activator induces front-side elongation, and the phase is a real-valued
variable which represents cellular region of cell i. To address multi-cell behavior, we have ex-
tended the model in [1] to include volume exclusion and local interaction term between cell j and
cell i for Ui and Vi described by functions F i,j

cc,U , F i,j
cc,V , respectively. Here, we investigate and

compare three variations of cell-cell interactions, namely
(i) Volume exclusion only F i,j

cc,U = 0, F i,j
cc,V = 0,

(ii) Front-front inhibition F i,j
cc,U = fffφiViφjVj , F i,j

cc,V = 0,

(iii) Front-back interaction F i,j
cc,U = fU

fbφiUiφjVj , F i,j
cc,V = fV

fbφiViφjUj .

In numerical simulations, we show that the three types (i-iii) of cell-cell interactions yield
qualitatively different behaviors. Compared with front-front inhibition where persistent rotation
has been shown to occur when spatially confined[3], front-back interaction enhances stabilities
and frequencies of persistent rotations and shows less dependency on spatially confined grid size.
We also apply our approach to include chemotaxis and shall address how the interplay between
chemotaxis and local cell-cell interaction gives rise to coherent and collective migratory patterns
as observed during aggregation of Dictyostelium.
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3D Network Patterns in Lobulus Hepatis and their Characterizations
by Physical Analysis

Hepatic lobules are the conceptual polygonal histologic unit of the liver consisting of masses of
hepatocytes arranged around a central vein, a terminal branch of one of the hepatic vein; at the
periphery are located preterminal and terminal branches of the portal vein [1]. Network patterns
of sinusoid, which is blood vessel in the hepatic lobule, and bile canaliculi, which is a thin tube
that collects bile secreted by hepatocytes, are arranged to contact with each hepatocyte in hepatic
lobule. In this presentation, we evaluate the network patterns of sinusoid and bile canaliculi in
hepatic lobules. We derived Wistar rat livers, and obtained 3D images of these network patterns
using confocal microscopy. We characterized these network patterns by their periods and fractal
index. The relationship between the morphology of their network patterns [2] and fractal features
are discussed [3]. We could express regional features in the development of 3D network patterns of
sinusoid and bile canaliculi by fractal analysis. Furthermore we performed the same evaluations
for the 3D network patterns of the genetic disease (Gunn) rat. We discuss the morphology of
network patterns of bile canaliculi of Gunn rat.
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Network centrality depending on environment in true slime mold 
 
        Plasmodium of true slime mold, Physarum policephalum, is an amoeboid unicellular organism, 
which forms tubular transportation networks. The plasmodium adapts the network morphology to 
environmental changes even without central nervous system. It forms a mesh network in attractive 
environment, in contrast, forms a dendritic network in repulsive environment [1, 2, 3]. 
 
        To investigate the biological function of the environment-dependent network morphology, we 
focused on betweenness centrality, which is a measure of importance of a vertex/edge in a network. We 
considered a tubular network of plasmodium as a network consisting of vertices, which are defined at 
bifurcation points of the tubes, and edges, which are defined for tubes connecting the vertices as shown 
in Fig.1. Not only network topology but also information on network morphology including length and 
diameter of edges were obtained through digital image processing.  
 
        The edge betweenness centrality was estimated for each edge in the networks cultured in attractive 
and repulsive environment. The result of analysis suggests that the important edges are different 
depending on environment: the edges spreading in the radial direction have high betweenness centrality 
always in repulsive environment and at early stages of network development in attractive environment. 
In contrast, at later stages in attractive environment, edges spreading in the circumferential direction also 
have high betweenness centrality. Consequently, the edges tend to form cyclic structure in attractive 
environment. 
 
        Werner and Marcus cultured a starving plasmodium in neutral environment, and observed the 
development of the network. They found that edges whose betweenness centrality is relatively high at 
earlier stages tend to remain at later stages [4]. It was shown from our observation that this holds even in 
attractive and repulsive environment, additionally, that development of network morphology 
fundamentally depends on environment so does development of betweenness centrality.  
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A mathematical model for “cell competition” considering  
a delayed interaction effect 

 
A phenomenon called “cell competition” observed in epithelial tissues attracts attention as a 

candidate of control mechanisms for their normal development and their maintenance when mutant cells 
invade them. In a pioneering work, Morata and Ripoll constructed a competitive system consisting of 
Minute mutant and wild type (Wt) cells in Drosophila imaginal wing discs, where the Minute cells show 
slower proliferation than Wt cells. The Minute cells were induced into a tissue consisting of the Wt cells 
in various stages of development. They counted the number of the Minute cells in adults. As a result of 
the experiment, the Minute cells induced in early stage were exterminated. However, the Minute cells 
induced in late stage slightly survived [1]. Cell competition phenomenon is defined as follow: cells with 
higher fitness eliminate cells with lower fitness at the interface between the two groups of cells [2].  

 
We constructed a mathematical model describing cell population dynamics with the elimination 

process at the interface, and showed the fate after the competition mainly depends on the relative 
carrying capacities of the two groups and the strength of the interface interaction [3]. In the model, the 
elimination process starts immediately after the two groups of cells are placed. It was, however, reported 
that the elimination process starts with a considerable delay (approximated 48hrs) after the interaction [4]. 
The delay complicates quantitative comparison of the results from the mathematical model and the 
experimental data. In this study, the mathematical model is modified by considering the delayed 
interaction effect. 
 

It is probable that the delay comes from a variety of biological processes, such as gene 
regulation, gene transcription, protein translation, etc. To consider the delay, we assumed that a 
hypothetical signaling molecule is secreted from the cells at interface. When the signaling molecule 
accumulates exceeding a threshold, a gene that is involved in elimination turns on, namely, the stronger 
cells with higher fitness starts to eliminate the weaker cells. To put the gene working irreversibly, we 
modified the gene expression to hold the condition once the gene is turned on. The modified 
mathematical model reproduced roughly quantitatively the pioneering experimental observation of 
Minute mutant system.  
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Modelling capillary network formation in vitro 
 
 Vasculogenesis is de novo production of capillary meshwork during development. This process can 
be reproduced by a primary cell culture system. Human umbilical vein endothelial cells (HUVECs) 
spontaneously form meshwork structure within 24 hours when cultured on Matrigel. This in vitro model 
of vasculogenesis is extensively studied both experimentally and theoretically. It has been suggested that 
vascular endothelial growth factor (VEGF)-mediated chemotaxis is a primary cause of the spontaneous 
pattern formation [2]. Other class of models utilizes gel deformation by cell traction as a mechanism of 
pattern formation [3].  
 
 Recently, fibrin gel culture system is utilized to generate perfusable capillary network in 
microdevice [1]. In this culture system, HUVECs were embed in fibrin gel and cultivated with human 
lung fibroblasts (LFs). Then, the cells were interconnected to form meshwork within 24 hours. Then, the 
connected edges were gradually thickened to form lumens, resulting in perfusable meshwork within the 
fibrin gel. We could not observe VEGF localization nor gel deformation in this pattern formation system, 
suggesting pattern formation mechanism is qualitatively different from Matrigel system. 
 
 To understand the pattern formation in this culture system, we use two classes of models to 
represent early and late phases of pattern formation. For early phase, we simply describe the process 
using rule-based model in which cells i and j are connected by a probability f(|ri-rj|). ri  represents cell 
coordinates. In the late phase model, the boundary between cells and fibrin gel moves by constant speed 
V. With these simple assumptions we can reproduce the observed pattern formation processes (Fig. 1).  
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A mathematical model for “cell competition” considering  
a delayed interaction effect 

 
A phenomenon called “cell competition” observed in epithelial tissues attracts attention as a 

candidate of control mechanisms for their normal development and their maintenance when mutant cells 
invade them. In a pioneering work, Morata and Ripoll constructed a competitive system consisting of 
Minute mutant and wild type (Wt) cells in Drosophila imaginal wing discs, where the Minute cells show 
slower proliferation than Wt cells. The Minute cells were induced into a tissue consisting of the Wt cells 
in various stages of development. They counted the number of the Minute cells in adults. As a result of 
the experiment, the Minute cells induced in early stage were exterminated. However, the Minute cells 
induced in late stage slightly survived [1]. Cell competition phenomenon is defined as follow: cells with 
higher fitness eliminate cells with lower fitness at the interface between the two groups of cells [2].  
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carrying capacities of the two groups and the strength of the interface interaction [3]. In the model, the 
elimination process starts immediately after the two groups of cells are placed. It was, however, reported 
that the elimination process starts with a considerable delay (approximated 48hrs) after the interaction [4]. 
The delay complicates quantitative comparison of the results from the mathematical model and the 
experimental data. In this study, the mathematical model is modified by considering the delayed 
interaction effect. 
 

It is probable that the delay comes from a variety of biological processes, such as gene 
regulation, gene transcription, protein translation, etc. To consider the delay, we assumed that a 
hypothetical signaling molecule is secreted from the cells at interface. When the signaling molecule 
accumulates exceeding a threshold, a gene that is involved in elimination turns on, namely, the stronger 
cells with higher fitness starts to eliminate the weaker cells. To put the gene working irreversibly, we 
modified the gene expression to hold the condition once the gene is turned on. The modified 
mathematical model reproduced roughly quantitatively the pioneering experimental observation of 
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Mathematical model for spreading true slime mold 
 
 The plasmodium of the true slime mold Physarum Polysepharum is a large, single-celled amoeboid 
organism. This large organism extends its front for foraging, and forms the tubular structure behind the 
frontal part. The plasmodium of Physarum is aggregation of protoplasm. The thickness of its body is 
periodically contracted by actin-myosin fibers, and the pressure gradient causes the shuttle protoplasmic 
streaming. Thus, it can be said that locomotion of Physarum is caused by transportation of the 
protoplasm and change the distribution of protoplasm. Despite of lacking nerve system, physarum shows 
a lot of intelligent manners such as maze solving [1, 2], risk management [3] and construction of 
efficient transport network [4].  Spatio-temporal patterns of thickness oscillation are also intensively 
studied [5, 6]. These behaviors were partially explained by mathematical model individually. However 
no comprehensive model has been proposed. We made a mathematical model of spreading Physarum to 
reproduce their moving boundary and the tubular network. In our model, the protoplasm exist on 
vertexes of random mesh, and the tubular structures correspond to the edges.  The result of the numerical 
simulation suggests that slow dynamics, i.e. adaptation of average thickness, sol-gel conversion and 
growth rate of tubular structure are important to generate a variety of patterns.  
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Rapid regulation of nutrient transporters is crucial  
for preventing oscillations in the root system 

 
 Nutrient uptake from soil is a major determinant of plant growth. Plants have a number of 
transporters for every one of mineral nutrients and the transport process are regulated in accordance with 
the nutrient conditions in soils/media. Boron, an essential element of plants, is a component of cell walls 
but it causes cytotoxicity in excess1. Maintenance of boron homeostasis is important for plants and boron 
dependent regulation of boron transporters plays an important role. Two families of boron transporters, 
NIP and BOR, have important and distinct roles in boron transport in roots. NIP5;1 is a boric acid 
channel, which facilitate boron permeation across plasmamembrane2. BOR1 and BOR2 are is boric acid 
exporters, which transport boron from cytosol to cell walls via secondary active transport3,4. The 
expression of these transporters are suppressed under high boron conditions 2,5. Thus boron 
concentrations in cells and boron transporter expression are mutually dependent and the behavior of the 
system is not obvious.  
 To understand the behavior of boron transport system in roots, we analyzed simplified model which 
is consist from n cells connected in a line. The first cell is exposed to medium and the last one has a 
function as vascular, where boron is taken out of the system. Boron dependent transporter regulation and 
boron transport between cells and cell walls were described by ODEs. Based on experimental 
observations, BOR is located in the vascular-faced side and NIP5;1 in soil-faced side in each cell. BOR 
degradation is enhanced by boron, whereas NIP5;1 production is suppressed by boron. Starting from the 
initial conditions with no boron in cells, time development of the model and effects of each parameter on 
the behavior were observed within biologically acceptable parameter regimes.  
 Under boron sufficient conditions with the default parameters, the boron concentration in each cell 
reached steady states, which were no higher than that in the medium. However, slowing down NIP5;1 
regulation caused oscillation with the maximum boron concentration in some cells more than 10 times 
higher than that of non-oscillating conditions, which would presumably be cytotoxic. The similar results 
were observed also in 4 to 6 cell models, even in a ring model where the cells in both ends were directly 
connected to each other, establishing that the oscillation is caused by slowness of the regulation, not by 
bottlenecks or boundary effects. These findings suggest that the root systems should be susceptible to 
disadvantageous oscillation, where rapid regulation of transporters  is crucial to avoid it.  
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GIS analysis for spatial and temporal spread of malaria disease 
 
 Malaria is a vector-borne infectious disease of human, and causes fever (and death in severe case). 
In southern Africa, malaria is a major contributor to mortality and morbidity. During the 2010/2011 
malaria season over the 8600 cases and 119 malaria-associated deaths were reported in South Africa, and 
the highest incidence of malaria occurred in the Lowveld areas of Limpopo, Mpumalanga and KwaZulu-
Natal. Using excellent dataset about malaria cases in Limpopo, we analyzed the temporal and spatial 
spread of malaria during 1998 to 2014, and visualized them for a first step of mathematical modeling of 
the spread. 
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Analysis and prediction of HA nucleotide sequence
of human influenza virus

Influenza A virus is a genus of the orthomyxoviridae virus family. It infects with human, swine
and birds. Influenza spreads around the world in a yearly outbreak caused by the influenza A
virus. This outbreak is given occasion of protein variation of the influenza viruses. In particular,
hemagglutinin (HA) surface protein of the influenza A virus has many varieties to escape from
host neutralizing antibody. It is important for prevention of annual epidemics that understanding
properties of genetic variation of HA on influenza A virus.

Recent studies have focused on amino acid sequence of HA [1,2]. Amino acid sequences have
been analyzed and predicted using multidimensional scaling (MDS) in these studies. In this study,
we focused on the nucleotide sequence of HA of influenza A virus. We have analyzed by MDS
and predicted prospective nucleotide sequence by a Monte Carlo like method. Our result by MDS
analysis, the variation trajectory of HA nucleotide sequences is similar to its amino acid variation.
Moreover, we have tried to predict the prevalent virus strains in next season by calculating the
nucleotide substitution and its rate. As a result, we have obtained a prediction of inter-annual
genetic variation of HA nearby actual strains in next seasons on low-dimensional MDS.
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Modeling of multiple dimensional metabolism of chiral thalidomide
and microscopic interaction with pharmacological receptor

A historically famous chiral drug, thalidomide (TD), first opened our eyes to the importance
of chiral discrimination of drug about a half century ago. One enantiomer of TD (S -isomer) was
identified as a teratogen which induces malformation of fetal limb after its worldwide use, whereas
opposite one performs as hypnotic sedative [1]. Although the detailed mechanism of TD efficacy
is still indeterminate, new therapy for intractable diseases became available by returning TD to
the market and approving TD derivatives recently. We consider the complex metabolism of TD
generating over 20 metabolites as a key to address the mystery of TD. The multidimensional
biotransformation involving chiral inversion, hydrolysis and enzymatic oxidation interrupts elu-
cidation of a full picture of pharmacological mechanism of TD. We previously developed a model
describing simultaneous chiral inversion and hydrolysis of chiral TD and succeeded in quantita-
tive estimation of the remaining chirality in the systems [2]. In the present study, we approach
the complexity employing modeling of chemical reaction networks including enzymatic metabolic
reaction at TD metabolism.

We developed reaction kinetics model involving TD, the most abundant hydrolytic prod-
uct, their hydroxylated isomers and their enantiomers/epimers. Chiral inversion between R-
and S -isomers, and generation from upstream products or degradation into downstream prod-
ucts are written as dxi/dt = f inv

i (t) + fhy
i (t) and f inv

i (t) = −kinvxi(t) + kinvx̄i(t), fhy
i (t) =∑

in,µ kµxµ(t) −
∑

out,ν kνxi(t), where xi(t), x̄i(t) are concentration of one enantiomer of the i-
th metabolite and that of opposite enantiomer, respectively. Generation and degradation by
CYP450-driven hydroxylation are expressed using Hill equation as

(1) fhx
i (t) =

∑

in,µ

Vµ

1 + {Kµ/xµ(t)}nµ
−

∑

out,ν

Vν

1 + {Kν/xi(t)}nν
,

where Vi, Ki and ni are kinetic parameters that can be estimated with experiments. We also
define enantiomeric excess ee ∈ [−1, 1] as {xi(t)− x̄i(t)} / {xi(t) + x̄i(t)}. For the small number
of molecules such as in a limited space like a cell, stochastic fluctuation is not negligible and
included in the chemical kinetics. In this case, the above equations should be rewritten using
Fokker-Plank equations.

To evaluate the relationship between biological signals and drug metabolites, we then consid-
ered the binding of each metabolite and receptor protein. With the hypothesis that a certain
amount of metabolite binds to the receptor and then expresses biological signals with time delay
τ , we set the signal Z(t; τ) =

∑
i

{
ξixi(t− τ) + ξ̄ix̄i(t− τ)

}
where ξi, ξ̄i are the efficacy of one

enantiomer of the i-th metabolite and that of opposite enantiomer, respectively. Least squared
method or non-negative least squared method [3] are utilized to determine these parameters,
which enable us to search effective metabolites of TD.
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Estimation of latent structures in T cell population. 
 
 T cells play a central role in the immunes system. Somatic recombination known as V(D)J 
recombination diversifies T cell receptors (TCR) and enable the immune system to adapt to a wide 
variety of pathogens. Understanding the detail of this process is important both for the information 
processing aspects of the immune systems and for the medical applications like immunodiagnostics and 
immune therapy.  
 
 In V(D)J recombination, a pair of V and J genes is probabilistically selected from their families on 
the genome. Some particular combinations of V and J genes are known to be preferred [1]. Some 
previous researches [2,3] suggest that local genome 3D structure changes accessibility of the genes, 
hence its usage. The effect of physical genome structure has been intensively investigated recently. 
 
 We focused the gene position on the genome itself, and have reported that the choice of V gene has 
statistical dependency on the physical position of J gene in mouse T cell receptor alpha chain, using a 
dimensionality reduction method.  
 
 We further investigated this hidden structure of this T cell generation process by a probabilistic 
model using Latent Dirichlet Allocation [4]. Under the assumption of the dependence of V gene choice 
on J gene, we found that V genes are grouped into two groups, and the group reflects the physical 
position of V genes. This implies the effect of physical gene position on V(D)J recombination for V gene. 
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Modeling of multiple dimensional metabolism of chiral thalidomide
and microscopic interaction with pharmacological receptor

A historically famous chiral drug, thalidomide (TD), first opened our eyes to the importance
of chiral discrimination of drug about a half century ago. One enantiomer of TD (S -isomer) was
identified as a teratogen which induces malformation of fetal limb after its worldwide use, whereas
opposite one performs as hypnotic sedative [1]. Although the detailed mechanism of TD efficacy
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the market and approving TD derivatives recently. We consider the complex metabolism of TD
generating over 20 metabolites as a key to address the mystery of TD. The multidimensional
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cidation of a full picture of pharmacological mechanism of TD. We previously developed a model
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tive estimation of the remaining chirality in the systems [2]. In the present study, we approach
the complexity employing modeling of chemical reaction networks including enzymatic metabolic
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of molecules such as in a limited space like a cell, stochastic fluctuation is not negligible and
included in the chemical kinetics. In this case, the above equations should be rewritten using
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Optimal Intervention Strategies for the Spread of Obesity

This study considered a deterministic compartmental model for obesity dynamics. The model
exhibits forward bifurcation at basic reproduction number, R0 = 1 i.e. for R0 < 1 obesity is not
sustained. However for R0 > 1 the model approaches a locally asymptotically stable endemic
equilibrium.

To control this epidemic and reduce the obesity at the endemic equilibrium, we considered
intervention strategies for the spread of overweight and obesity, where Pontryagin’s Maximum
Principle is applied. The numerical technique, was used to show that there are effective con-
trol strategies that include minimizing the social contact rate with the overweight and obese
population, and campaigning.

Numerical results indicated the effects of the two controls (prevention and education/campaigning)
to be different. In societies with lower obesity, the social contact rate with the overweight and
obese population play more prominent role in spreading obesity than lack of educational pro-
grams/campaigns.

However, for societies with very high obesity burden, education/campaigning proved to be
highly effective strategies. Reducing the social contact rate can result in other results such as a
depression as well as an invasion of their individual rights. Therefore, appropriate approach to
obesity, such as the road system facilitated for walking is needed to lower obesity.
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Why Should We Consider a Vector-Bias Effect on Malaria Dynamics ?

In 2005, Lacroix demonstrated that infectious individuals are more attractive to the mosquitos.
We say this effect a “vector-bias effect”. In this work, we want to tell we should consider a vector-
bias effect to study malaria dynamics, that is, we showed what happen if we don’t consider a
vector-bias effect.

For this, we survey the model for malaria transmission with a vector-bias effect mathematically
considered in [2]. The threshold, R0, is obtained and global stability of equilibria is surveyed in
[3]. Second, to show how best we can reduce diseases by studying the relative importance of
different factors responsible for transmission, we work sensitivity analysis. Next, we implement
optimal intervention strategies to the model using Pontryagin’s maximal principle to investigate
the cost-effectiveness of malaria preventive measures.

Finally, on the basis of the previous sections, we compare with two model from the viewpoint
of “final size”, “optimal control” and “cost”. The results acutely show that if we don’t consider a
vector-bias effect, then we guess a final size with much error and not get and optimal result to
reduce infected human with suitable cost.
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The Relationship between Local and Social Information on Trail Laying Foraging  
 
 Here, we developed a multi-agent model and described dynamical trail-laying pattern formations 
using chemical pheromones (exploration pheromones) produced by each agent. Agents in our models 
linearly obey chemical pheromones within their reference field to update their positions [1]. In addition 
to that, we proposed two different events.  

One is that agents change their reference fields based on their circumstances. Changing events are 
dependent of the differences between right and left pheromone concentrations. Therefore agents in our 
models tend to react to pheromone gradients.  

The other event is that agents use directional information of local other agents instead of using 
chemical information when total amount of pheromones within their reference fields were under 
threshold values. In this event, agents anticipate moving-directions of local other agents and use the 
estimated information to update their positions.  

As a result, we could demonstrate that moderated curved structures emerged while straight 
movements were maintained. However, this proposed model was not efficient to achieve deviations of 
agents’ positions. To this end, we proposed an additional model in which agents stopped changing events 
when information of one tool was confused with another one. This new model illustrated deviated 
positions of agents and might contribute in achieving the balances between exploitation and exploration. 
Thus, utilizing pheromone information would be important to achieve that balance. When chemical 
information as global information is confused with local information, agents in our model tend to less 
react to pheromone gradients because local gradients are not necessary to offer them profitable 
information in such a case.  

Under normal circumstances, their reference fields should be determined equally. However, in our 
proposed models, agents fix their reference fields depending on pheromone gradients. This is not 
necessary to make a sense because pheromone information is originally global information. To this end, 
agents might always need to consider global properties of that information i.e. other interpretations of 
pheromone gradients. By considering the ambiguity between global and local properties of that 
information, we adopted other interpretations as returning the reference fields to default ones in a 
proposed model. Thus, modulating probabilities of choosing each cell based on their circumstances and 
confusing global information with local information would play a role to produce variations of 
ambiguous interpretations of limited information [2].   
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Biological pest control in arable fields associated with non-crop habitats 
 
 Biological pest control is means to suppress pest populations by employing their natural enemies. 
Recently, some empirical studies reported that recruitment of enemies from neighboring non-crop 
habitats into the arable field could enhance pest control in the field [1]. However, possibilities that 
intraguild predation between multiple enemies (IGP: one-way or mutual predation in a guild of predators 
sharing common prey) may interfere with pest control by this mechanism have been pointed out [2]. 
Therefore, theoretical works have to examine how movement of enemies between different habitats in 
quality (e.g., productivity, species composition, habitat area size, etc.) and the existence of multiple 
enemies jointly influence efficiency of pest control by natural enemies. 
 We consider a model of immobile prey and two mobile predators in two different (arable and 
non-crop) habitats allowing intraguild predation between predators. We assume that the shared prey in 
the arable field is a pest for the crop and that it feeds on non-crop plants in the other habitat. If predators 
in each habitat emigrate in proportion to their densities, both the numbers of emigrant individuals and 
their effects on densities in arriving habitats depend on areas of the habitats. Then, changes in densities 
due to movement in the arable and non-crop fields are respectively described as follows: 

𝐼𝐼𝑖𝑖 = 𝛽𝛽𝑖𝑖(𝛼𝛼𝑁𝑁𝑖𝑖
′ − 𝑁𝑁𝑖𝑖), 

𝐼𝐼𝑖𝑖′ = 𝛽𝛽𝑖𝑖 (1𝛼𝛼 𝑁𝑁𝑖𝑖 − 𝑁𝑁𝑖𝑖
′), 

where N and N’ indicate population densities of the i-th enemy in the arable and non-crop habitat, 
respectively; βi indicates the movement rate of the i-th enemy; α indicates the relative area size of the 
non-crop habitat to the arable field. The smaller the population in a smaller habitat it receives the more 
immigrants from the larger population in a larger habitat, and vice versa. In order to examine joint effects 
of the relative area size (α) and the movement rates of enemies (βi) on efficiency of pest control, we 
compared equilibrium population densities of the pest in the arable field in the cases with either one 
enemy or two enemies. 
 Either one enemy could suppress the pest in the arable field if the non-crop habitat was suitable for 
the enemy and sufficiently larger than the arable field. This is because the immigrating enemy from the 
non-crop habitat augmented the enemy in the arable field, and mediated diffusive apparent competition 
between prey in the non-crop habitat and pests in the arable field. However, when IGpredator was absent 
and the non-crop habitat was sufficiently small, mobile IGprey flowed out from the arable field into the 
non-crop habitat and the pest could outbreak in the arable field. In contrast, when immobile IGpredator 
was jointly employed and IGprey superior in pest control was overwhelmed in the productive arable field, 
the latter could persist by due to recruitment from the non-crop habitat, and two enemies could more 
efficiently suppress the pest than IGpredator did. This result suggests that the rescue effect can moderate 
deleterious effects of IGP on biological pest control, and that it is important for pest control to consider 
both the species interactions and spatial structure surrounding the arable field. Finally, we will discuss 
effective management strategies of agricultural landscapes for efficient biological pest control by two 
enemies. 
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Biological pest control in arable fields associated with non-crop habitats 
 
 Biological pest control is means to suppress pest populations by employing their natural enemies. 
Recently, some empirical studies reported that recruitment of enemies from neighboring non-crop 
habitats into the arable field could enhance pest control in the field [1]. However, possibilities that 
intraguild predation between multiple enemies (IGP: one-way or mutual predation in a guild of predators 
sharing common prey) may interfere with pest control by this mechanism have been pointed out [2]. 
Therefore, theoretical works have to examine how movement of enemies between different habitats in 
quality (e.g., productivity, species composition, habitat area size, etc.) and the existence of multiple 
enemies jointly influence efficiency of pest control by natural enemies. 
 We consider a model of immobile prey and two mobile predators in two different (arable and 
non-crop) habitats allowing intraguild predation between predators. We assume that the shared prey in 
the arable field is a pest for the crop and that it feeds on non-crop plants in the other habitat. If predators 
in each habitat emigrate in proportion to their densities, both the numbers of emigrant individuals and 
their effects on densities in arriving habitats depend on areas of the habitats. Then, changes in densities 
due to movement in the arable and non-crop fields are respectively described as follows: 

𝐼𝐼𝑖𝑖 = 𝛽𝛽𝑖𝑖(𝛼𝛼𝑁𝑁𝑖𝑖
′ − 𝑁𝑁𝑖𝑖), 

𝐼𝐼𝑖𝑖′ = 𝛽𝛽𝑖𝑖 (1𝛼𝛼 𝑁𝑁𝑖𝑖 − 𝑁𝑁𝑖𝑖
′), 

where N and N’ indicate population densities of the i-th enemy in the arable and non-crop habitat, 
respectively; βi indicates the movement rate of the i-th enemy; α indicates the relative area size of the 
non-crop habitat to the arable field. The smaller the population in a smaller habitat it receives the more 
immigrants from the larger population in a larger habitat, and vice versa. In order to examine joint effects 
of the relative area size (α) and the movement rates of enemies (βi) on efficiency of pest control, we 
compared equilibrium population densities of the pest in the arable field in the cases with either one 
enemy or two enemies. 
 Either one enemy could suppress the pest in the arable field if the non-crop habitat was suitable for 
the enemy and sufficiently larger than the arable field. This is because the immigrating enemy from the 
non-crop habitat augmented the enemy in the arable field, and mediated diffusive apparent competition 
between prey in the non-crop habitat and pests in the arable field. However, when IGpredator was absent 
and the non-crop habitat was sufficiently small, mobile IGprey flowed out from the arable field into the 
non-crop habitat and the pest could outbreak in the arable field. In contrast, when immobile IGpredator 
was jointly employed and IGprey superior in pest control was overwhelmed in the productive arable field, 
the latter could persist by due to recruitment from the non-crop habitat, and two enemies could more 
efficiently suppress the pest than IGpredator did. This result suggests that the rescue effect can moderate 
deleterious effects of IGP on biological pest control, and that it is important for pest control to consider 
both the species interactions and spatial structure surrounding the arable field. Finally, we will discuss 
effective management strategies of agricultural landscapes for efficient biological pest control by two 
enemies. 
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Elliptic Fourier Analysis of Ongagawa Pottery

Cultural inheritance can be modeled as a system of information transmission by means of social
learning. As the cultural analogue to genetic evolution or changes over time in gene frequencies,
cultural evolution is also defined as changes over time in the cultural composition of a population.
Theory of cultural evolution has played important roles in revealing patterns and processes of
cultural diversity through the application of concepts and methods of evolutionary biology to
cultural phenomena [1,2].

Geometric morphometrics has been routinely used as a tool to investigate biological shapes in
a quantitative manner. Recent applications of geometric morphometrics and theory of cultural
evolution into archaeological artifacts have provided quantitative understanding of the spread and
variation of archaeological artifacts [3]. In particular, elliptic Fourier analysis has been widely
used to analyze outlines of biological and archaeological objects because this method does not
require homologous relations among characteristics of objects.

Although cultural transitions, ranging from opinion formations within a small group to the
diffusion of newly innovated tool-making techniques among populations, have fascinated scholars
in a wide variety of fields, empirical studies on geographically and temporally large-scale data are
relatively rare. The Jomon-Yayoi transition is a major cultural replacement in Japan. Ongagawa
style pottery is widely distributed in the western part of Japanese Archipelago and has been
considered as a key indicator of the spread of Yayoi cultural complex. Therefore, reconstructing
the spreading process of the pottery style can provide important implications on the Jomon-Yayoi
and other cultural transitions.

In the present study, by using elliptic Fourier analysis, we quantified geographical patterns of
similarities and dissimilarities in shapes of the Ongagawa pottery. Based on the results of the
morphometric analysis, we further compared several hypotheses about the origin and spreading
process of Ongagawa pottery and discussed possible underlying processes of cultural transmission
within and between populations.
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Analysis of encounter probability in living systems using a computer simulation 
model 
 
 Interactions between entities in biological systems occur through encounters between them, by 
which their specific relationships can be produced and maintained. For example, encounters between 
molecules such as enzymes and substrates in a living cell cause chemical reactions to produce metabolic 
processes. In addition, encounters between organisms produce a community structure based on food 
relations. Collision theory assumes that collision rate between two types of particles is proportional to the 
product of their densities. Similarly, ecological models describing encounter between a predator and prey 
organisms, knowing as functional response, are based on the same assumption. Many quantitative 
models for dynamic processes implicitly incorporate coefficients that affect the encounter probability 
between component entities to describe the intensity of their interactions. However, it remains unclear 
whether or not the encounter probability is proportional to the densities of entities and also unclear about 
what kind of material or biological properties determine the encounter probability. In order to investigate 
these problems, Nakajima [1, 2, 3] proposed a theoretical model, called cognizers-system model (denoted 
CS model), for studying the probability of encounter between material entities including molecules and 
organisms. From this study, it is suggested that the encounter probability is determined by the ability of a 
subject entity to discriminate between different states of targets (i.e., discriminability), and also by the 
ability of the subject and target entities to select succeeding states in relation to others (i.e., selectivity). 
Furthermore, the encounter probability (P) between a focal entity and n targets was given as P = 
n/((-1)n+w-1); w: the whole space size in which w or less entities can exist; n: the number of target 
entities;  selectivity coefficient. This equation implies that the encounter probability can be 
approximated as proportional to the density of targets when the target density is very low.  
 In this study, following the previous studies, the encounter probability between entities was 
analyzed in detail by using a computer simulation model based on the CS model. This simulation model 
is composed of a focal subject entity (denoted a focal cognizer) and n target entities, which are located 
on a two-dimensional torus. The focal cognizer can discriminates between different positions of targets 
that are located within a cognitive zone around the cognizer’s position. The cognizer’s ability of 
discrimination is represented by the size of this zone (quantified by the degree of central angle and the 
radius). The selectivity coefficient is represented by the degree of preference to which the cognizer is 
attracted by targets within the cognitive zone. By conducting simulation experiments, we examined the 
effects of cognitive abilities in terms of discriminability and selectivity on the encounter probability with 
a particular focus on the relationship between the encounter probability and target density in relation to 
the derived equation of encounter probability from the CS model. We present results from the simulation 
experiments, and discuss them in term of information processing by living entities. 
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Asymmetric competition between prey can stabilize coupled predator-prey system 
 
 Understanding the complex community dynamics has been a central goal in community ecology. 
One of the major approaches for this problem is to understand the dynamics of its characteristic modules 
[1]. For example, intra-guild predation module and diamond module are among the major modules. On 
the other hands, coupled predator-prey system (CPPS) is one of the famous modules that appear in 
natural communities.  
 
 Theoretical and experimental studies have shown that CPPS can generate complex oscillations [2]. 
Most of these studies, however, assumed that competition between prey is symmetric. They did not focus 
on the consequences of asymmetry in prey competition. On the other hands, in the case of tri-trophic 
food chains coupled by a top predator, which can be seen as an extension of CPPS, its instability is 
reduced as the asymmetry of predator preference of prey increases [3]. Then, what would be the 
instability of CPPS if the competition of prey increases its asymmetry? Because asymmetric competition 
is common in nature [4], analyzing the effect of asymmetry of competition on CPPS is important. 
 
 Using Lotoka-Volterra type mathematical models, we show that stability of CPPS increases with 
increasing asymmetry of competition when predator feed on one prey. The dynamics of CPPS reduces its 
amplitude of oscillation and thus increases minimum population density as asymmetry in prey 
competition increases. This result indicates asymmetric competition promote coexistence of all species in 
CPPS. This asymmetry-induced stability of CPPS might be brought about as a consequence of the 
following observed phenomena: the whole community dynamics converges to the dynamics of the 
superior predator-prey system of CPPS as asymmetry in prey competition increases.  
 
 However, if competition intensity is relatively large, the CPPS system is not stabilized with 
increasing asymmetry (heteroclinic cycle appears). The system is also destabilized with increasing 
competition asymmetry in the case when predator feed on two prey (i.e. predator is generalist). From 
these results, asymmetric competition between prey can stabilize CPPS when competition intensity is 
relatively small and predator specializes on one prey. 
 
 As a conclusion of mathematical modeling, it is shown that competition asymmetry of prey can 
promote prey coexistence in CPPS through stabilizing the dynamics as long as predator is specialist and 
competition is relatively small. 
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Timing of harvesting trees 
 
 We ask what is the optimal timing for harvesting trees. Teak is suitable for small-scale plantation 
because of its high value, fast growth and ease of cultivation (Noda and Himmapan, 2014). The rotation 
periods of cultivation are 15 or 20 years (Noda et al., 2012). The foresters cannot get profits during the 
tree growing. It’s one of the main reasons why some foresters gave up the teak plantations and change 
the cultivations to other crops they can expect income earlier (Yokota et al, 2009). 
  
 We consider a homogenous cohort of trees in a patch performed dynamic programming analysis. 
We calculated the values of a tree of age t from the two equations that give expected profit through 
cutting at the current tree age and expected profit by delaying harvest. 
 
 As a result, we obtained the optimal age of harvesting with different discount rate and tree 
survivorship. (1) When the discount rate increases, in other words when the forester needs cash 
immediately, the timing of harvesting trees becomes shorter. (2) When the survivorship of tree changes, 
the age for harvesting becomes earlier as the habitat receives disturbance more often. Also we consider 
the fixed cost of harvesting. A higher cost or a lower tree price made the foresters delay the timing of 
harvesting. These results are consistent with reports in Indonesia forests. We discuss implications to 
conservation of forest ecosystems.  
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Obstacle avoidance algorism of autonomous vehicle inspired by bio-sonar strategy 

for spatial scanning. 
The purpose of this study is to demonstrate bat’s sophisticated bio-sonar functions through the 

measurement of the driving performance of the autonomous vehicle under the obstacle environment. The 

vehicle consists of ultrasonic sensor units (1 transmitter and 2 receivers), motor units for controlling the 

directions of pulse and driving independently and CPU. The sensing interval and moving speed of the 

vehicle were set at 10 times slower than those of bats during flight so that we can practically evaluate 

vehicle driving performance during obstacle avoidance, comparing with bat’s echolocation behavior in 

scale model.  

We measured flight trajectory and pulse direction of Rhinolophus ferrumequinum during free 

flight in obstacle environment (several plastic chains were hung from the ceiling of the flight chamber) by 

using high speed cameras and microphone array system. At the beginning of the flight, the bats often 

emitted sounds in pairs and triplets. As they were becoming familiar with the space, the numbers of 

emissions were decreased, and at the same time the bats showed stable flight path. Even when one of 

chain obstacles was removed, the bat emitted the pulses toward the removed chain. These results suggest 

that bats may integrate information obtained by multiple sensing and have spatial memory with great 

accuracy.   

Based on these behavioral results, we proposed paired-sensing (two emissions in pair) following 

expressions (1) and (2) below. θpd(n) is the direction of each pulses in pair, and θmd(n) is the next driving 

direction which is determined by integrated information based on directions of previous pulses in pair. 
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We measured driving trajectory and pulse direction of the vehicle under the obstacle environment 

in the chamber. As a result, the vehicle with proposed algorism showed better performance of obstacle 

avoidance than the vehicle with conventional single pulse sensing. Paired sensing which is inspired by 

bats behavioral features, i.e., emitting sounds in pairs may be effective for robust path planning during 

obstacle avoidance with less information processing load.  
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How does the priority effect influence species diversity in rocky intertidal sessile 
assemblages? 

 
 In the rocky intertidal zone, multiple sedentary species are thought to coexist mainly by segregating 
vertically in the habitat. . In the course of the transition, in the reef fixing organisms community, initial 
fixing species are known to often inhibit subsequent species invasion, its called priority effect. In this 
study, I was examined by simulation how does the priority effect influence species diversity in rocky 
intertidal sessile assemblages. 
  
         Assuming that from a certain individual is uniformly competition and all other individuals occur 
are within a certain range, and We were considering priority effect that the more we have many fixed to 
the point where there is a certain, it can be easily the same spieces new fixed there. Each species is 
assumed to have the traits that are suitable for a certain tide elevation, tide elevation the z, trait value 
(optimal tide elevation for that species) and x, density distribution of species x that has been established 
above sea level z, and species of the trait distribution on the niche space (x-axis) is examined how the 
change of over time, by changing the strength of the competition and the strength of the priority effect, 
depth distribution and equilibrium state trait distribution is I have to see if change.  
 
        The number of species as the priority effect becomes larger and trends that reduced from once more, 
in accordance with priority effect increases, depth distribution of each species in the equilibrium 
distribution is a tendency that goes out from the most suitable tide elevation has been found. 
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Analytical solution for multinomial logistic model 
 
 Eigen’s quasispecies model has been proposed for investigating mutation-selection dynamics and 
brought us insight into their effect on evolutionof macromolecules [1,2]. It is commonly known that the 
model can be transformed into linear differential equation when a sum of quasispecies is time invariant 
[3]. The model is analytically solvable with such a constraint, however, how it can be solved under 
general condition is still unknown. In this study, we show that the linearization can be done through 
simple variable transformation without such a limitation. Although the analytical solution takes similar 
form as previously derived equation, a form of multinomial logistic function, it is more generalized in 
which former equation is included as a special case. We also focus model extension in which 
homogeneous feedback term changed into other forms and discuss how their solution changes from 
original equation.  
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The joint evolution of the gynodioecy and selfing 
 
 In some plant species, it has been reported that their populations consist of hermaphrodite 
individuals with both male and female functions and female individuals without pollen production. This 
type of sexual system is so-called gynodioecy. There are cases where gynodioecy is caused by a 
cytoplasmic factor, by which the phenomenon is also known as cytoplasmic male sterility (CMS). 
Recently, it is known that in some cases CMS gene is a mitochondrial mutant gene, which prevents 
pollen production [1]. In self-compatible species, hermaphrodite individuals can reproduce by both 
outbreeding and selfing, whereas female individual reproduce outbreeding only. Therefore, in such 
species, a selfing rare would restrict evolution of gynodioecy. The relationships between selfing rate and 
gynodioecy were studied theoretically, assuming selfing rate as a fixed parameter [2]. However, selfing 
rate could be evolvable trait.  In order to investigate joint evolution of the gynodioecy and selfing, we 
analyzed the evolutionary process by using mathematical model. 
 We considered that sexual system is determined by two types of mitochondria. The wild type 
mitochondria do not disturb the original hermaphrodite, although mutant mitochondrial prevent pollen 
production, resulting in feminization. Each individual possesses either mitochondria that inherit from 
their mother. On the other hand, a selfing rate is governed by quantitative gene on nuclear genome in the 
considered diploid organism. Our analysis has two steps. First, we assumed selfing rate as fixed value for 
a while, and found equilibrium frequency of CMS as previous studies did [2, 3]. Subsequently, It can be 
discussed whether the nuclear mutant allele which bring higher or lower selfing rate can invade the 
population or not. This two-step way allows us to analyze evolutionary process of gynodioecy and 
selfing. 
 Our analysis suggests that higher selfing rate is always selected in gynodioecy population. At the 
same time, CMS genes decrease in frequency. This is the unique result, which has not been found in 
previous studies with fixed selfing rate, and this joint evolution is worthy to study in more detail. For 
example, many researchers study gynodioecy with nuclear restorer, which suppress CMS and restore 
male function. We’ll also report the results of analysis with restorer genes.  
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On the effect of selection that increases the carrying capacity of population 
 
 In population genetics, most of studies assume a stationary population size, i.e. a constant carrying 
capacity. These studies assumed that the effect of selection on the change of allele frequency is relatively 
mild and the change of allele frequency is usually much slower than the change of population size. Thus 
the population size readily attains its capacity and the population size can be treated as constant. 
However, in the case of viruses such as influenza or some prokaryotes, they are sometimes exposed to 
very strong selection, therefore it is thought that there is a possibility that the speed of change of allele 
frequency and of the change of population size have the same order. Actually it has been observed in the 
population of E.coli [1] that selective mutants increased the carrying capacity. 
 
 In previous population genetics works [2] [3], deterministic models are used and the effect of 
selection and the change of carrying capacity are combined. Instead, a simple model that consider 
stochasticity of allele frequency is developed in this study, then effects of selection that increase the 
carrying capacity on the fixation probability and the mean time to fixation are investigated. Further, by 
using the Infinite Site Model(ISM), the frequency spectrum is obtained under the effect of this selection.  
In this case it is revealed that the difference of carrying capacity between the wild type and the mutant 
has more strong influence on the frequency spectrum than the strength of the selection itself. 
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Diversity in ants supports effective cooperative transport

Cooperative transport is known as one of actions, in which they move a single item from
a location to another by two or more individuals (Fig.1) [1]. While some ants drag the item
straight toward their nest, others drag it from the opposite site against the nest. The latter
seems to disturb the effective transport to the nest. We focus on rather the disturbing ants, and
their function in the group during passing through obstacles.

We found some characteristics through a observation and quantitative analysis: Transit time
of a certain distance during cooperative transport by group of ants is almost independent of the
number of ants. In contrast, passing time through a obstacle is significantly improved when two
or more ants participating the task. From the experimental results, we hypothesize that the
disturbing ants have a role during cooperative transport. To verify it, we performed numerical
simulation using a mechanical model.

In the model, ants grab the edge of the transportation item then drag it with a force which is
almost directed toward the nest but with a distribution [2], namely some ants can drag against
the nest. The simulation result revealed that the direction diversity reduces the passing time.

Fig.1: Cooperative transport in ants.
(Photo courtesy of Atsuko Takamatsu)
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Spatially explicit random community models: 
diversity maintenance with space 

 
 How to explain macroscopic patterns from microscopic processes has been a lasting question in 
macroecology. The unified neutral theory of community biodiversity [1] has attempted to explain 
diversity patterns of natural complex communities, with two simple assumptions: "neutrality" and 
"limited dispersal". However, recent studies [2,3] have suggested that the neutral theory cannot predict 
realistic patterns in many cases, and that processes other than neutral ones could significantly affect 
large-scale patterns in natural ecosystems. 
 
 Here, we discuss models with a more justifiable assumption than neutral ecological processes: 
random pairwise interactions. Particularly, we focus on "spatially explicit models", in which every 
population or individual has its defined location. In this way, non-spatial patterns such as species 
abundance distributions (SADs) could be discussed with spatial patterns such as species-area 
relationships (SARs) and  beta-diversity. 
 
 Random pairwise interactions implemented with the replicator equation are known to be able to 
produce realistic SADs [4]. In our study, this "random community model" was made to be spatially 
explicit as follows: firstly, "islands" are placed in a two-dimensional lattice, then biotic interactions are 
restricted only within each "island", and dispersal is limited only to the neighboring "islands". 
 
 Results of simulations showed that there were many cases in which higher species diversity was 
maintained stationarily in spatially explicit models than in non-spatial previous models. In the quasi-
stable states, there were persisting "endemic species" in some parts of the "islands", although no explicit 
environmental heterogeneity was assumed. Moreover, SADs and SARs similar to those empirically 
known were sometimes observed. 
 
 Models considered so far are not involved with evolution, and no new species appears in system. 
Effects of evolution can be taken into account by adding new species, and this generalized version of the 
models will be also discussed. 
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Multi-objective optimal control and optimization algorithm for the nonlinear 
dynamical system in microbial fed-batch culture 

 
        1,3-propanediol(1,3-PD) possesses potential applications on a large commercial scale, especially as 
a monomer of polyesters or polyurethanes, its microbial production is recently paid attention to in the 
world for its low cost, high production and no pollution, etc.. These researches include the quantitative 
description of the cell growth kinetics of multiple-inhibitions, the metabolic overflow kinetics of 
substrate consumption and product formation, feeding strategy of glycerol in fed-batch culture and model 
analysis and simulations to determine the optimal operation conditions, and so on. 
 
         In this paper, we construct an optimal control model of multi-stage hybrid dynamical system. A 
necessary condition of optimal control strategy is presented using Pontryagin maximum principle during 
the microbial fed-batch fermentation process. And we obtain the existence of the solution of multi-
objective optimal control. Finally, an optimization algorithm with multiple autonomous switching is 
constructed on the basis of the new control strategy. Numerical results show the effectiveness of the 
algorithm.  
 
Keywords: Microbial fed-batch culture; Nonlinear hybrid dynamical system; Multi-objective optimal 
control; Optimization algorithm. 
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Spatially explicit random community models: 
diversity maintenance with space 

 
 How to explain macroscopic patterns from microscopic processes has been a lasting question in 
macroecology. The unified neutral theory of community biodiversity [1] has attempted to explain 
diversity patterns of natural complex communities, with two simple assumptions: "neutrality" and 
"limited dispersal". However, recent studies [2,3] have suggested that the neutral theory cannot predict 
realistic patterns in many cases, and that processes other than neutral ones could significantly affect 
large-scale patterns in natural ecosystems. 
 
 Here, we discuss models with a more justifiable assumption than neutral ecological processes: 
random pairwise interactions. Particularly, we focus on "spatially explicit models", in which every 
population or individual has its defined location. In this way, non-spatial patterns such as species 
abundance distributions (SADs) could be discussed with spatial patterns such as species-area 
relationships (SARs) and  beta-diversity. 
 
 Random pairwise interactions implemented with the replicator equation are known to be able to 
produce realistic SADs [4]. In our study, this "random community model" was made to be spatially 
explicit as follows: firstly, "islands" are placed in a two-dimensional lattice, then biotic interactions are 
restricted only within each "island", and dispersal is limited only to the neighboring "islands". 
 
 Results of simulations showed that there were many cases in which higher species diversity was 
maintained stationarily in spatially explicit models than in non-spatial previous models. In the quasi-
stable states, there were persisting "endemic species" in some parts of the "islands", although no explicit 
environmental heterogeneity was assumed. Moreover, SADs and SARs similar to those empirically 
known were sometimes observed. 
 
 Models considered so far are not involved with evolution, and no new species appears in system. 
Effects of evolution can be taken into account by adding new species, and this generalized version of the 
models will be also discussed. 
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Multi-objective optimal control and optimization algorithm for the nonlinear 
dynamical system in microbial fed-batch culture 

 
        1,3-propanediol(1,3-PD) possesses potential applications on a large commercial scale, especially as 
a monomer of polyesters or polyurethanes, its microbial production is recently paid attention to in the 
world for its low cost, high production and no pollution, etc.. These researches include the quantitative 
description of the cell growth kinetics of multiple-inhibitions, the metabolic overflow kinetics of 
substrate consumption and product formation, feeding strategy of glycerol in fed-batch culture and model 
analysis and simulations to determine the optimal operation conditions, and so on. 
 
         In this paper, we construct an optimal control model of multi-stage hybrid dynamical system. A 
necessary condition of optimal control strategy is presented using Pontryagin maximum principle during 
the microbial fed-batch fermentation process. And we obtain the existence of the solution of multi-
objective optimal control. Finally, an optimization algorithm with multiple autonomous switching is 
constructed on the basis of the new control strategy. Numerical results show the effectiveness of the 
algorithm.  
 
Keywords: Microbial fed-batch culture; Nonlinear hybrid dynamical system; Multi-objective optimal 
control; Optimization algorithm. 
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The effects of Electronic cigarettes for smoking cessation: 
A mathematical modeling approach 

 
Smoking is a large problem in the entire world. Despite overwhelming facts about the risks, smoking is 
still a bad habit widely spread and socially accepted. Thus, Electronic cigarettes (e-cigarettes) can deliver 
nicotine and mitigate tobacco withdrawal and are used by many smokers to assist quit attempts. We 
investigated whether there is an effect on smoking electronic cigarettes. In view of this, we proposed and 
analyzed a nonlinear mathematical model to study the effect of e-cigarettes on smoking cessation1. The 
equilibrium point of the model obtained and the stability discussed. The analysis shows that on changing 
parameters of the system. Numerical simulation also supports the analytically obtained results. 
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Evolution of dispersal in wing dimorphic insects 
~modeling the density response of juvenile hormone~ 

 

  A single genotype may show multiple discrete phenotypes in response to environmental 

conditions, called polyphenism. An example is wing dimorphism in insects, featured by 

dispersal types (macropterous, winged, flight capable, etc.) and reproductive types 

(brachypterous, wingless, flight incapable, etc.). In wing determination, juvenile hormone 

(JH) plays an important role. The individual perceives the density experienced by the 

individual influences the JH titer in wing determination period, and macropterous form is 

generated when the juvenile hormone titer is below the threshold and brachypterous form is 

generated otherwise.   

  Here, we study the evolution of juvenile hormone responsibility to the density. We 

consider the asexual species occupying two patches. The growth of each individual is 

affected by the biomass in each patch, and the amount of resources change in patch. The 

dispersal rates decrease with JH titer. We discuss how the evolutionary stable JH-response 

depends on environmental structures. 
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Evolution of floral color change:  
Is an honest signal for pollinators beneficial for flowers? 

 
In order to attract pollinators, insect pollinated flowers have evolved various floral traits, e.g., 

production of nectar as rewards, or floral colors or volatiles as signals for pollinators. Some empirical 
studies have reported that a flower often change its color after finishing the production of nectar, which 
is called floral color change. In such case, floral color can be an honest signal for pollinators about the 
existence/absence of nectar. However, such honest signals seems to be unbeneficial for flowers because 
pollinators will not visit nectar-less flowers. In order to explain the evolution of floral color change, in 
the present study, we focused on the variation of learning ability of pollinators. Pollinators can learn the 
amount or existence probability of nectar, and change their visiting frequency to flowers. However, the 
ability of recognizing floral colors or plant individuals is different among pollinator species. Under the 
existence of multiple pollinator species, the floral color is effective signal only for pollinator with high 
ability of recognizing floral colors, which may cause the evolution of floral color change. 

 
In order to investigate the evolutionary condition of floral color change, we consider a situation that 

pollinators determine their frequency of flower visitation depending on the expected probability of the 
existence of nectar, which is influenced by the pollinator’s ability of recognizing floral colors and plant 
individuals. We consider two strategies of plants, i.e., silent and honest strategies. The former strategy 
change the floral color at the end of nectar production, while the latter strategy change their floral color 
and honestly show that the production of nectar have been already finished to pollinators. By analyzing 
the optimal duration of nectar production and the age of flower (i.e., the duration of retention under 
open-pollinated conditions), we investigated the condition for the evolution of floral color change. 

 
In the result of the analysis, we found that the condition for the evolution of floral color change is 

different depending on whether the age of flower is an evolutionary trait or not. When the age of flower 
is evolutionally fixed at a certain value, floral color change can evolve when the pollinator have high 
learning ability of both place and color regardless of the number of pollinator species. On the other hand, 
when the age of flower is an evolutionary trait, the floral color change never evolve under the existence 
of single pollinator species. However, when flowers can be visited by multiple pollinator species with 
different learning abilities, the floral color change can evolve. Our results show that the variation in 
learning ability of pollinators is an important factor for the evolution of floral color changing. 

  
REFERENCES 

 
[1] Kudo  G., Ishii, H., Hirabayashi, Y., and Ida, Y., 2007. Organizer, 2015. A test of the effect of floral color 
change on pollination effectiveness using artificial inflorescences visited by bumblebees. Oecologia, 154: 119–128. 
[2] Suzuki, M. and Ohashi, K., 2014. How does a floral colour-changing species differ from its non-colour-changing 
congener? - a comparison of trait combinations and their effects on pollination. Functional Ecology, 28: 549–560. 

P-41
 

Takuya Sekiguchi 
Japan Society for the Promotion of Science / SOKENDAI (The Graduate University for Advanced 
Studies) 
e-mail: sekiguchi_takuya@soken.ac.jp 
 

Hisashi Ohtsuki 
SOKENDAI (The Graduate University for Advanced Studies) 
 
 

Fixation probabilities of strategies for bimatrix games in 
finite populations 

 
 With a few exceptions [1], most studies of stochastic evolutionary game theory in finite populations 
have dealt with symmetric games [2, 3] although social and biological phenomena are not always described 
by symmetric games.  
 
 In this presentation, we treat two-player 2   2 bimatrix games in finite populations and derive the 
fixation probability that the evolutionary dynamics starting from a given initial state converges to a specific 
absorbing state. We adopt the frequency-dependent Moran process without mutation as the process of 
reproduction (or imitation). 
 
 Applying the obtained formula to the ultimatum game [4, 5], we show that natural selection favors 
fairness. 
 
 Moreover, we present two novel stability concepts for bimatrix games, based on the obtained formula 
for the fixation probability: strongly stable pair, and stable pair analogously to [6]. In regards to strong 
stable pair, we prove that it is equivalent to a dominant strategy equilibrium. In regards to stable pair, we 
show how to find it and demonstrate that with some examples (the battle of the sexes game; asymmetric 
hawk-dove game [7]) it serves as a criterion for equilibrium selection. 
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Mechanism that facilitates the evolution of cooperation. 
 
Cooperation is observed in this real world and it needs explanation. Some mechanisms have been 

proposed (for example, reciprocity, multi-level selection, and so on), and they enable assortment to be 

positive. It has been considered that positive assortment is necessary in order for cooperation to evolve. 

 In this talk, we analyze three player games in the finite populations and we obtain the inequality of 

evolution. This inequality means that positive assortment is not necessary in order for cooperation to 

evolve. 

 We have not found the novel concrete mechanisms that facilitate the evolution of cooperation, but 

to observe this inequality will lead to the discovering of the novel mechanisms that facilitate the 

evolution of cooperation, we believe. 
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Stable Polymorphism of Cooperators and Punishers in a Public Goods Game 
 

The role of punishment on the maintenance of cooperation has been emphasized recently (Fehr & 
Gächter, 2002; Gürerk et al., 2006; Raihani et al., 2010). However, the maintenance of punishment is not 
an obvious consequence because punishment itself is public goods. For example, strong reciprocators 
help others and punish cheaters, but they are disadvantageous in the competition against second-order 
free riders, who cooperate but do not punish cheaters (Dreber et al., 2008).  

Here, we show that cooperators and punishers can coexist under the assumption of the division of 
labor between cooperation and punishment, in which one can choose either to cooperate or to punish 
free-riders, but not both. We found that such polymorphism is stable only when the spatial structure 
exists and when the intensity of selection is relatively strong. This is because these conditions contribute 
to a negative correlation between the numbers of punishers and free-riders in the same spatial patch. 
 

 
REFERENCES 

 
[1] Dreber, A., Rand, D. G., Fundenberg, G. & Nowak, M. A., 2008. Winners don’t punish. Nature, 452: 348–352. 
[2] Fehr, E. & Gächter, S., 2002. Altruistic punishment in human. Nature, 415: 137–140. 
[3] Gürerk, O., Irlenbusch, B. & Rockenbach, B., 2006. The Competitive Advantage of Sanctioning Institutions. 
Science, 312: 108–111. 
[4] Raihani, N. J., Grutter, A. S. & Bshary, R., 2010. Punishers Benefit From Third-Party Punishment in Fish. 
Science, 327: 171. 



- 239 -

 
Author 1 
Shun Kurokawa 
所属なし 
e-mail: s52617@hotmail.co.jp 
 
 

Author 2 
Yasuo Ihara 
University of Tokyo, Graduate school 
 
 

Mechanism that facilitates the evolution of cooperation. 
 
Cooperation is observed in this real world and it needs explanation. Some mechanisms have been 

proposed (for example, reciprocity, multi-level selection, and so on), and they enable assortment to be 

positive. It has been considered that positive assortment is necessary in order for cooperation to evolve. 

 In this talk, we analyze three player games in the finite populations and we obtain the inequality of 

evolution. This inequality means that positive assortment is not necessary in order for cooperation to 

evolve. 

 We have not found the novel concrete mechanisms that facilitate the evolution of cooperation, but 

to observe this inequality will lead to the discovering of the novel mechanisms that facilitate the 

evolution of cooperation, we believe. 

 
 
 
 
 
 
 
 
 
 

 
Gaku Oya 
The school of advanced sciences, SOKENDAI, JAPAN 
e-mail: mail.gaku.oya@gmail.com 
 

Hisashi Ohtsuki 
The school of advanced sciences, SOKENDAI, JAPAN 
e-mail: ohtsuki_hisashi@soken.ac.jp 
 
 

Stable Polymorphism of Cooperators and Punishers in a Public Goods Game 
 

The role of punishment on the maintenance of cooperation has been emphasized recently (Fehr & 
Gächter, 2002; Gürerk et al., 2006; Raihani et al., 2010). However, the maintenance of punishment is not 
an obvious consequence because punishment itself is public goods. For example, strong reciprocators 
help others and punish cheaters, but they are disadvantageous in the competition against second-order 
free riders, who cooperate but do not punish cheaters (Dreber et al., 2008).  

Here, we show that cooperators and punishers can coexist under the assumption of the division of 
labor between cooperation and punishment, in which one can choose either to cooperate or to punish 
free-riders, but not both. We found that such polymorphism is stable only when the spatial structure 
exists and when the intensity of selection is relatively strong. This is because these conditions contribute 
to a negative correlation between the numbers of punishers and free-riders in the same spatial patch. 
 

 
REFERENCES 

 
[1] Dreber, A., Rand, D. G., Fundenberg, G. & Nowak, M. A., 2008. Winners don’t punish. Nature, 452: 348–352. 
[2] Fehr, E. & Gächter, S., 2002. Altruistic punishment in human. Nature, 415: 137–140. 
[3] Gürerk, O., Irlenbusch, B. & Rockenbach, B., 2006. The Competitive Advantage of Sanctioning Institutions. 
Science, 312: 108–111. 
[4] Raihani, N. J., Grutter, A. S. & Bshary, R., 2010. Punishers Benefit From Third-Party Punishment in Fish. 
Science, 327: 171. 

P-44



- 240 -

Nobuto Takeuchi
University of Tokyo
e-mail: takeuchi@complex.c.u-tokyo.ac.jp

Kaneko Kunihiko
University of Tokyo

Paulien Hogeweg
Utrecht University

The origin of genes through spontaneous symmetry breaking

In the modern cell, heredity is provided by a small number of template DNA molecules—the
gene. How did genes originate? Here, we demonstrate the possibility that gene-like molecules
emerge in protocells because of conflicting multilevel evolution. The model assumes a population
of protocells, each containing a population of replicating catalytic molecules. Protocells are
selected towards maximizing the catalytic activity of intracellular molecules, whereas molecules
tend to evolve towards minimizing it. These conflicting evolutionary tendencies at the molecular
and cellular levels induce spontaneous symmetry breaking between complementary strands of
molecules, whereby one strand becomes the majority and serves as catalysts and templates,
whereas the other strand becomes the minority and functions only as templates—like genes.
These gene-like molecules increase the fitness of protocells by reducing an intragenomic conflict.
Our results implicates conflicting multilevel evolution in the origin of genetic complexity after the
first major transition in evolution.
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 Analysis of dominance network models with intrinsic node weights 
 

 
 Dominance hierarchy is widespread in animal societies ranging from insect colonies to mammal 
groups and is considered to be a regulatory mechanism for resource allocation. Dominance relationships 
are formed through dominance interactions such as aggressive behavior and ritualized displays from a 
dominant individual to a subordinate one, and organization of dyadic dominance relationships in a group 
of animals can be represented by a directed network. Previous empirical studies [1, 2] reported that 
dominance networks in some animal societies are directed acyclic graphs (DAGs), i.e., networks without 
directed cycles; perfect and approximate DAGs have been found in some food webs [3] and citation 
networks [4]. The in-degree (i.e., number of animal individuals that attack the focal individual) and the 
out-degree (i.e., number of individuals that the focal individual dominates) within an empirical 
dominance network tend to be narrowly and widely distributed, respectively [2]. In addition, the 
empirical dominance networks of ant colonies resemble randomized DAGs whose degree sequences are 
consistent with those of the empirical networks [2]. Moreover, the individuals with a large out-degree 
have a high but not the highest rank in the hierarchy [2]. Here we present generative models of DAGs to 
reproduce properties of the empirical dominance networks. We assume that each node has an intrinsic 
weight representing the strength of the animal individual. The probability of a directed link between two 
nodes is assumed to depend on the two node weights because dominance interactions may occur based 
on the relative strength of individuals. We numerically analyzed networks generated by the models to 
find that they resemble the empirical dominance networks reasonably well. We will also discuss 
evolutionary implications of the dominance networks and proposed models. We will also report 
theoretical results concerning degree distributions in the thermodynamic limit.  
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The origin of genes through spontaneous symmetry breaking

In the modern cell, heredity is provided by a small number of template DNA molecules—the
gene. How did genes originate? Here, we demonstrate the possibility that gene-like molecules
emerge in protocells because of conflicting multilevel evolution. The model assumes a population
of protocells, each containing a population of replicating catalytic molecules. Protocells are
selected towards maximizing the catalytic activity of intracellular molecules, whereas molecules
tend to evolve towards minimizing it. These conflicting evolutionary tendencies at the molecular
and cellular levels induce spontaneous symmetry breaking between complementary strands of
molecules, whereby one strand becomes the majority and serves as catalysts and templates,
whereas the other strand becomes the minority and functions only as templates—like genes.
These gene-like molecules increase the fitness of protocells by reducing an intragenomic conflict.
Our results implicates conflicting multilevel evolution in the origin of genetic complexity after the
first major transition in evolution.
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 Analysis of dominance network models with intrinsic node weights 
 

 
 Dominance hierarchy is widespread in animal societies ranging from insect colonies to mammal 
groups and is considered to be a regulatory mechanism for resource allocation. Dominance relationships 
are formed through dominance interactions such as aggressive behavior and ritualized displays from a 
dominant individual to a subordinate one, and organization of dyadic dominance relationships in a group 
of animals can be represented by a directed network. Previous empirical studies [1, 2] reported that 
dominance networks in some animal societies are directed acyclic graphs (DAGs), i.e., networks without 
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out-degree (i.e., number of individuals that the focal individual dominates) within an empirical 
dominance network tend to be narrowly and widely distributed, respectively [2]. In addition, the 
empirical dominance networks of ant colonies resemble randomized DAGs whose degree sequences are 
consistent with those of the empirical networks [2]. Moreover, the individuals with a large out-degree 
have a high but not the highest rank in the hierarchy [2]. Here we present generative models of DAGs to 
reproduce properties of the empirical dominance networks. We assume that each node has an intrinsic 
weight representing the strength of the animal individual. The probability of a directed link between two 
nodes is assumed to depend on the two node weights because dominance interactions may occur based 
on the relative strength of individuals. We numerically analyzed networks generated by the models to 
find that they resemble the empirical dominance networks reasonably well. We will also discuss 
evolutionary implications of the dominance networks and proposed models. We will also report 
theoretical results concerning degree distributions in the thermodynamic limit.  
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Model analysis of speciation and adaptive radiation 
in an ecosystem with archipelago structure 

 
 In archipelagoes, speciation rate and species diversity are higher than those of continuously 
spreading continents. For example, 47 species of honeycreepers and 860 species of drosophilid inhabit in 
Hawaii Islands and 14 species of Darwin's finches on  Galapagos Islands [1].  The reason why speciation 
rate and species diversity are higher in archipelagoes is that adaptive radiation occurs more frequently. 
  
 We hypothesized that high speciation rate is explained by ecosystem structure of an archipelago, 
especially, with geographical isolation and migration effect of species. However, very few studies have 
introduced structured ecosystem like an archipelago explicitly into models of speciation or adaptive 
radiation. We constructed theoretical model of adaptive radiation with spatial structure like an 
archipelago, and tested how migration rates affect species richness.  
  
 In this model, we calculate both population and evolutionary dynamics of each species with 
simultaneous differential equations. These simultaneous differential equations consist of Lotka-Volterra 
competition equations and the selection gradient model of quantitative genetics [2]. To define species by 
Biological Species Concept [3], we introduced a mating trait with multi-loci determining the degree of 
reproductive isolation. The model ecosystem has a lattice which can introduce spatial structures like an 
archipelago where populations migrate among islands with stepping stones. 
  
 Using this model, we analyzed effects of migration rate, the number of islands (lattice size), the 
number of loci of the mating trait, and so on. Simulations revealed that an intermediate migration rate 
resulted in higher species richness in equilibrium. The larger number of loci of the mating trait generated 
the higher species richness in equilibrium. In addition, taxon cycle [4] appeared under an assumption of 
asymmetric competition.  
  
 Consequently, adaptive radiation through the effect of leaving-from and returning-to the original 
island and ecological speciation [5] occurs more frequently in an archipelago than in continents. 
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 Autorun Virus Transmission Dynamics: Stability Analysis and Optimal Control 

Strategy 
 
 In this talk, we derive and analyze a mathematical model about auto run virus infected computer by 
using USB devices. Infection free equilibrium and positive equilibrium are found. We found that if 
$R_0<1$, then infection free equilibrium is global stable and when $R_0>1$, positive equilibrium is 
global asymptotically stable. We adapted four controls to minimize infected computers and infected USB 
devices. ((1) control about vaccination rate of computer, (2) control about contact rate between 
computers and USB devices, (3) control about repair infected computer (4) control about repair infected 
USB devices). Optimality system derived by using Pontryagin’s maximum principle and solved 
numerically by using forward and backward sweep method. We present numerical experiments in which 
optimal control strategy is able to minimize not only infected computers but also USB devices. 
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