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- We examined whether two widely known cooperation—promot-—
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ing mechanisms—network reciprocity and costly punishment—
create synergies in social dilemma experiments. While network
reciprocity fulfilled its expected role, costly punishment proved
to be surprisingly ineffective in promoting cooperation. This in—
effectiveness suggests that the rational response to punishment
assumed in theoretical studies is overly stylized and needs
reexamining.

1) Li X-L, Jusup M, Wang Z, Li H-J, Shi L, Podobnik B, Stanley HE,
Havlin S, Boccaletti S (2018) Punishment diminishes the benefits of
network reciprocity in social dilemma experiments. Proc Natl Acad

Sci USA 115: 30-35.

TCooperator TDefector TPunisher
e o e o
Well-mixed .R‘ '2. e ‘ " .&‘ ".
population ©®g&. 50 0@. O 1
ooperators lac ? S S ( ‘
nfutugl retcognlltl::n ¢ .(“,N. ° .e.l ‘L N. ¢ .‘ & N. ¢
° [ ]
e o e o e o
Network .&‘ 1§ ). .Q" 7 ). .&"‘ 14 ’.

reciprocity O D0 06 D0 06 0

Cooperative @ Ve o Ve o e

clusters survive .(“'s. .i * N. .‘ * N.
wimstyw i ot i
punishment o& D0 06 2® © 40

prov:I:‘en::'::irl?ation .?( ‘Lsﬁ. .? ﬁ. .?( ‘Nﬁ.

not cooperation o ® (] L) “r (] () r < (]

3 How cooperation develops due to network reciprocity
and how punishment fails to
improve overall cooperativeness.

- Cyprinid fishes are often hypothesized to be less sensitive to
chemical stress than comparable fish families, yet few empirical
tests of this hypothesis exist. We developed a statistical model
in which the no—effect concentrations (NECs) of 29 fish species
from 13 families exposed to an acetylcholinesterase inhibitor
pesticide (carbaryl, chlorpyrifos, or malathion) were used as the
response variable. Our results indicate that the NECs for cy—
prinid fishes were significantly higher than those for other fishes,
suggesting that cyprinids are indeed less sensitive to the three
studied pesticides.

1)Iwasaki Y, Jusup M, Shibata K, Nagai T, Kashiwada S (2018)
Lower sensitivity of cyprinid fishes to three acetylcholinesterase in-
hibitor pesticides: an evaluation based on no effect concentrations.

Limnology 19: 1-5.



- Living complex systems create functionalities by pairing up
complementary processes, one to build and another to correct
and clean the space for more building. When these processes
are embedded into mutually exclusive phases, establishing a
balance between them requires a phase flipping mechanism. We
demonstrated that when a neuronal network flipping between
excited and resting phases gives rise to a statistical conserva—
tion law of synaptic strength. Furthermore, this law is selected
by evolution regardless of the network’ s initial state, thus rec—
onciling biology with the physical concept of self-organized
criticality.

1) Podobnik B, Jusup M, Tiganj Z, Wang W-X, Buldu JM, Stanley
HE (2017) Biological conservation law as an emerging functionality
in dynamical neuronal networks. Proc Natl Acad Sci USA 114: 11826-
11831.

- Understanding the relationship between the environmental
conditions and life-history traits, such as growth, reproduction,
and size at specific life stages, is important for understanding
the population dynamics of a species and for constructing
adaptable, relevant, and efficient conservation measures. Using
a mechanistic modeling approach adapted to an endangered
species of marine turtles (the loggerhead turtle), we found that
the ultimate size (length and mass) is primarily affected by food
availability, whereas growth and maturation are primarily af-
fected by temperature whilst also showing positive correlation
with available food. Reproduction increases with both food
availability and temperature because food availability deter—
mines energy investment into egg production, and temperature
affects the rate of related processes (such as vitellogenesis).

1) Marn N, Jusup M, Legovic T, Kooijman SALM, Klanjscek T
(2017) Environmental effects on the life-history and metabolism of
loggerhead turtles. Ecol Model 360: 163-178.

- Among the central tenets of globalization is the free migration
of labor, but little is known about how antiglobalist sentiment
can be affected by high levels of immigration. We analyzed poll
data from EU countries at the center of the recent migrant crisis,
and found that in the period from 2015-2017 the percentage of
right-wing (RW) populist voters in any given country depends
on the prevalence of immigrants in this country’s population
and the total immigration inflow into the EU as a whole. The
latter phenomenon is likely caused by the EU’s organization as
a supranational state———lacking inner borders means that
“someone else’s problem” easily become “my problem.” Fur—
thermore, the increase in the percentage of RW voters consid—
erably exceeds the percentage of immigration inflow. Therefore,
if the fast immigration process continues, ongoing democratic
processes will cause RW populism to prevail and globalization
to rapidly decrease. We locate tipping points between the frac—
tion of immigrants and the rise of RW populism.

1) Podobnik B, Jusup M, Stanley HE (2017) Predicting the rise of EU

right-wing populism in response to unbalanced immigration. Com-
plexity 2017: 1580526.

- Overuse of common—pool resource often occurs due to the
rational act from the perspective of one’s own self-interest.
Although punishing those harvesters who overuse the resource
may seem as a straightforward solution, a number of practical
problems arise. For example, if harvester delegate the enforce—
ment to a specialised entity (consisting of e.g. police officers,
inspectors, rangers etc.), curbing corruption becomes a major
challenge. We extended an existing simplistic evolutionary game
model of corruption by combining it with the resource dynamics
to establish a more general and powerful analytical framework.
In this framework, in addition to the usual socio—economic in—
centives, ecological parameters also affect the prospects of
reaching a cooperative outcome. We find, for example, that the
more resilient the resource (as implied by a high growth rate),
the more likely the dominance of corruption. This result indi—
cates that illegal logging and fishing observed in productive ter—
restrial and marine ecosystems, respectively, are encouraged by
the ecological characteristics of these systems. Although one
might expect that in productive ecosystems, a high resource
growth rate should dramatically improve the profits of harvest—
ers who cooperate, a deeper level of analysis reveals that the
incentive for overusing the resource arises from the increasing
opportunity cost incurred by cooperators who sustainably re—
strain their efforts.

1) Lee J-H, Jusup M, Iwasa Y (2017) Games of corruption in prevent-
ing the overuse of common-pool resources. J Theor Biol 428: 76-86.
- Social-dilemma and other socio—economic experiments often
require full anonymity to avoid the effects of multiple com—
pounding factors. However, the main mechanisms for the evo—
lution of cooperation share one common characteristic—reduced
anonymity relative to a primitive, well-mixed population. Ac—
cordingly, we conducted a social dilemma experiment to test
whether onymity bolsters cooperation in a repeated Prisoner’s
dilemma game with anonymous and onymous pairwise encoun—
ters. We found that the frequency of cooperation and the me—
dian payoff per round increase significantly under onymity rela—
tive to anonymity. More importantly, the correlation between
players’ rank and the use of strategies (cooperation, defection,
or punishment) undergoes a significant change, rewarding ony—
mous prosocial actions with a higher ranking. The main conclu—
sion is that prosocial behavior under onymity pays back or, in
layman’s terms, that winners play nice.

1) Wang Z, Jusup M, Wang R-W, Shi L, Iwasa Y, Moreno Y, Kurths,
J (2017) Onymity promotes cooperation in social dilemma experi-

ments. Sci Adv 3: €1601444.
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X 4 Onymous situation promotes cooperation relative to
an anonymous one although there
are no purely rational reasons for this.

- Loggerhead turtle is an endangered sea turtle species with a
migratory lifestyle and worldwide distribution, experiencing
markedly different habitats throughout its lifetime. We provide
new information on biology and ecology of this species by: (i)
Synthesizing existing information on loggerhead turtles and as—
similating several decades worth of jointed data sets into a full
life cycle model built on the principles of a general metabolic
theory. (ii) Exploring the physiological energetics of the logger—
head turtle in terms of hard-to—obtain indicators such as the
time to reserve depletion under starvation or an energy budget
encompassing all phases of ontogeny. Furthermore, we utilized
a unifying methodology which is immediately applicable to other
sea turtles and, in fact, organisms of other marine species, thus
setting the stage for future extensive studies in comparative
physiological energetics.

1) Marn N, Kooijman SALM, Jusup M, Legovic T, Klanjscek T
(2017) Inferring physiological energetics of loggerhead turtle (Caretta
caretta) from existing data using a general metabolic theory. Mar En-
viron Res 126: 14-25.

- The abundance of young Atlantic bluefin tuna tripled in the
northwestern Mediterranean following effective management
measures in recent years. This raised a question: Has predation
of bluefin tuna on sardine and anchovy been responsible for bi—
omass decline of these small pelagic fish species? A multifactor
analysis combining: (i) the observed diet composition of bluefin
tuna, (i) their modelled daily energy requirements, (iii) their
population size, and (iv) the abundance of prey species in the
area collectively yielded the proportion of the prey populations
that were consumed by bluefin tuna annually between 2011-
2013. We estimated that the annual consumption of small pe—
lagic fish by bluefin tuna is less than 2% of the abundance of
these populations. Tuna predation, therefore, is unlikely to be
the main cause of major changes in the small pelagic fish popu—

lations from northwestern Mediterranean.

1) Van Beveren E, Fromentin J-M, Bonhommeau S, Nieblas A-E, Me-
tral L, Brisset B, Jusup M, Bauer RK, Brosset P, Saraux C (2017) Prey
predator interactions in the face of effective management strategies:
changes in Mediterranean small pelagics are not due to increased tuna
predation. Can J Fish Aquat Sci 74: 1422-1430.

- Immigration issues, in addition to being an often polarizing so—
cial topic, represent an interesting problem of non—equilibrium
thermodynamics. If the immigration inflow is out of balance with
the integration rate of a society, potentially dangerous conflicts
may arise. We modeled how the social fabric—described by com—
bining the elements of evolutionary games and complex net—
works—responds to different immigration scenarios. Subse—
quently, we isolated those scenarios that may disrupt the normal
functioning of the society and identified the characteristics of
successful immigration policies. In particular, these character—
istics require that: (i) the tolerance of insiders is in balance with
the assimilation of outsiders, (ii) the tolerant insiders maintain
a sustainable majority, and (iii) any reduction in benevolence of
the majority occurs smoothly.

1) Podobnik B, Jusup M, Wang Z, Stanley HE (2017) How fear of
future outcomes affects social dynamics. J Stat Phys 167: 1007-1019.
- We reviewed Dynamic Energy Budget (DEB) theory—likely the
most potent macroscopic unifying theory in biology today. The
theory, with a special focus on fundamental laws of physics, uni—
fies processes on multiple scales of biological organization into
a single modeling framework: (i) nano— and micro—scale level by
utilizing concepts in molecular biology (molecular transport and
transformation, enzyme kinetics, and regulation) to arrive at
functionals describing state variables necessary for organism
function; (ii) sub—organismal level by capturing fluxes of material
and energy within functional compartments; (iii) organismal—
level by describing growth, reproduction, and aging of organisms
as determined by the environmental conditions experienced by
the organism; (iv) population-level through creation of DEB—
based population models; and even (v) ecosystem—-level by cap—
turing feedbacks between the environment and the population.
Our review offers considerable advantages over previous ones:
focus on fundamental laws of physics rather than just opera—
tional descriptions of the work; step—by—step derivation of the
fundamentals and the standard DEB model; and demonstrations
of how DEB has already been used in achieving points ()—(v)
above. These demonstrations are crucial for bridging the gap
between often disjointed disciplines of physics and life sciences:
while the theoretical introduction will appeal to the former, the
examples will bring home the message to the latter.

1) Jusup M, Sousa T, Domingos T, Labinac V, Marn N, Wang Z,
Klanjscek T (2017) Physics of metabolic organization. Phys Life Rev
20: 1-39.
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5 All heterotrophic aerobes perform three types of
macroscopic transformations: assimilation, growth, and
dissipation. Oxygen is consumed in the process, while
inorganic metabolites (ammonia, water, and carbon diox-
ide) are excreted into the environment. Feces is a re-
sult of the digestive system's inefficiencies.

- Infectious diseases are a threat to human health and a hin—
drance to societal development. Consequently, the spread of
diseases in both time and space has been widely studied, re—
vealing the different types of spatial patterns. Transitions be—
tween patterns are an emergent property in spatial epidemics
that can serve as a potential trend indicator of disease spread.
Despite the usefulness of such an indicator, attempts to sys—
tematize the topic of pattern transitions have been rare. We
reviewed pattern transitions in spatial epidemiology, describing
the types of transitions and their underlying mechanisms. We
showed that pattern transitions relate to the complexity of spa—
tial epidemics by, for example, being accompanied with phe—
nomena such as coherence resonance and cyclic evolution. The
reviewed results provide new insights into disease prevention
and control, and may even be applicable outside epidemiology,
including other branches of medical science, ecology, quantita—
tive finance, and elsewhere.

1) Sun G-Q, Jusup M, Jin Z, Wang Y, Wang Z (2016) Pattern transi-
tions in spatial epidemics: Mechanisms and emergent properties. Phys
Life Rev 19: 43-73.

- A large proportion of human malaria infections is asymptomatic,
yet serves as a reservoir that sustains malaria transmission. To
achieve malaria elimination, it is important to understand how
the asymptomatic infections affect malaria transmission among
humans. We proposed a simple mathematical model of malaria
transmission with both symptomatic and asymptomatic malaria
infections, and investigated an effect of interventions targeting
the reservoir population during an early phase of malaria spread
under different transmission settings.

1) Funo T, Inaba H, Jusup M, Tsuzuki A, Minakawa N, Iwami S
(2016) Impact of asymptomatic infections on the early spread of ma-
laria. Jpn J Ind Appl Math 33: 671-681.

- In the case of an epidemic, a better immunization strategy can
save comparatively more lives and still observe the constraints
of a limited budget. Because human lives are at stake, the sub—
ject of efficient immunization has received considerable atten—

tion among network scientist, resulting in the strategies based

on such statistical properties as degree centrality (the number
of neighbors a node has) or betweenness centrality (the number
of shortest paths between any two nodes in a network on which
a given node lies). Recognizing the need for efficient and prac—
tical immunization, we drew inspiration from an amoeboid or—
ganism capable of performing complex computational tasks to
devise a strategy that considers both the number of neighbors
a node has and the way the neighbors are linked among them—
selves. The resulting immunization strategy performs at least as
good as its strongest competitor, but usually considerably bet—
ter (2 to 20 times). Ours is, therefore, an important contribution
to immunization science of immediate interest to medical scien—
tists, as well as public health officials looking for methods to
control epidemics.

1) Liu Y, Deng Y, Jusup M, Wang Z (2016) A biologically inspired
immunization strategy for network epidemiology. J Theor Biol 400:

92-102.
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