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“One World, One Health”

Based on the concept ‘One World, One Health’, we will focus on the health of the ecosystem, reconfirm that our
health is supported by the health of all living creatures and the environment of this planet, and identify the ideal
‘lifestyle’ for the future.

Organizer: Japanese Society of Zoo and Wildlife Medicine

MC/ Chairperson:
“Conservation Medicine and Ecological Health”
Koichi MURATA, PhD, Professor, College of Bioresource Sciences, Nihon University,
Director, Zoorasia Yokohama Zoological Gardens
President, Japanese Society of Zoo and Wildlife Medicine

Speakers:
“Self-Medication in Primates- Prevention and Cure”
Michael A. HUFFMAN, PhD, Associate Professor, Primate Research Institute, Kyoto University

“Structure of Animal Communities and Transmission Dynamics of Mosquito Borne Diseases”
Yoshio TSUDA, Chief, Laboratory of Taxonomy and Ecology, Department of Medical Entomology,

National Institute of Infectious Diseases (NIID)

“Mites Talk about Biodiversity — Ecological Significance of Evolutionarily Significant Units in Parasites.”
Koichi GOKA, PhD, Invasive Alien Species Research Team, National Institute for Environmental Studies
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Koichi MURATA, PhD, Professor, College of Bioresource Sciences, Nihon University,

Director, Zoorasia Yokohama Zoological Gardens
President, Japanese Society of Zoo and Wildlife Medicine

2L DAL, H2E*# (Conservation Medicine) &
WO BEEYIHTHICTZhE LRV, ZNEHKRD
T & T, AREMEEDERZ L0 1990 FR %
THO WIOBERFELEE S X S MEE (“Conservation
Medicine: Ecological Health in Practice”) %t} ik & 11
72D 2000 FRICA>THh S5 TH % (Alonso et al.,
2002), UL, AHEDOMRHOKEZZE LT, FEe
E2AC BT AP et E TR B T N T 5,

REeE2E, Te FOfd, BodES X UTEER
DB D MR T 2 G T M EEHE
NTW23 (Tabor, 2002), iz, FEEZEMNHEFELTWL
B0l ABIRREG R & OE Y72z HEH D I XF) U 7z i
FREZ TR <. ZNSOMAEREFROP THFFE N2
—h ORI @, 975D B “One Health” TH O, %

Many of you may never have heard the term “Conservation
Medicine.” That is only natural because this field of study
was only born in the late 1990's and the first conference
report, which is referred to as the textbook for this new
discipline ("Conservation Medicine: Ecological Health
in Practice") was only published in this decade (Alonso
et al. 2002). However, inspired by the publication of the
textbook, studies related to Conservation Medicine have

been evolving rapidly in developed countries.

Conservation Medicine is defined as “a discipline that unites
the fields of human health, animal health and ecosystem
health” (Tabor, 2002). Conservation Medicine is not based
on a health concept that posits human and animal in vertical
divisions. It is aimed at horizontal health that can be
sustained in interrelationship between humans, animals and
the ecosystem, that is to say, “One Health” and conserving
Biodiversity that is indispensable. This new field of study
can be considered as very pragmatic and interdisciplinary in
the way that it links related health and medical study fields
and helps sustain the Ecological or Eco-Health.

DR BN HICEDT HR7 IV 7 EERE 2012

DDA L TR 5 EMZ R (Biodiversity) DfR4:
TH %, AAMFEEKIE, RS ERICBIFR T 5 22 i
e X B, AR (Ecological Health & U < 1%
Ecohealth) % #ER59 % 728 DB T R 72 015550 87
EEZ%.

TREEAIC I B EGER RIS, WA L 1E £2HD
AR B X UCRBNREOMHERERZ L, T
NEOWMIIEINT VATHD > TVWBERRZEZE
LTHBEND, & ICHBUEGYE (Emerging Infectious
Diseases: EID) IC DWW Tl ZDFRERNMNTFAEBY DR
BADANBORATHD., 2D e DEYZHRMED
HEREDIRIRI 2R FEAE TRAIC DM % T & 258 < Rk L
TWa,

In Conservation Medicine, countermeasures to control
infectious diseases are designed based on an understanding
of organic and inorganic host-pathogen interactions and the

ecosystem built on their subtle balance.

Emerging Infectious Diseases (EID) are, in particular,
caused by human intrusion into the habitats of wild animals
and all the more, for this very reason, conservation of
Biodiversity is strongly recognized as fundamental to the
prevention of those diseases.
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Self-Medication in Primates- Prevention and Cure
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Michael A. Huffman, PhD, Associate Professor
Primate Research Institute, Kyoto University

FUNR TP LT EHEERMITHE, REM
ICEATERFIRIE, BV REEARSEH, ZNLINC,
Feikiz —XIRBEY 2 G302 ORI OFN 2 B S,
HKEMITIIZLVWEEZ NS NS DD S WVITEBNL
DOIFRBNRAEZRIC, TTRLE, BB E N, Z0
—D & UTHENSRMEREN TV, Hic, JERE
Mxdb 2O E BND &, FF4 REHYE O Hil -,
ZTO_RRMTHZEROBR R EICENTHE LT
ARG, T 7 V) A DOKANIE (T2 Y=LV F)
MFIC X OFEFENTE TV 5,

Thabb, 7 TVHDF ISy TP—IiBWVT, il
T B OB EIL ., NEEEZZDE F /A
T LWV TATEIMNAEREZRY - FA 2R 5 F AR
EHYEDBERICHR > TVB T SN TWD, F4E
HiFZ L DMK ZFAIE L, AEZNEHEOITEI, BIH
RENIC LB R NIZT, LD ->T, ThSDEREs
OBRS T LIFEETH B, FEHBRIENEFENGZ S

Chimpanzees and other primates eat a variety of nutritious
items including fruits, leaves, young buds on a daily basis.
Besides these items, a number of plant parts containing
peculiar secondary plant compounds are occasionally
eaten. In the recent years, an interest has been shown
in understanding the significance of ingesting these
nutritionally deplete plant items. One explanation is that
these items are used for their pharmacologically active
properties. Strong evidence in support of this hypothesis has
come from research on African great apes (chimpanzees and
gorillas) demonstrating anti-parasitic properties and or relief
from parasite related gastro-intestinal upset.

From ecological and parasitological analysis of the behavior
of chimpanzees in East Africa it has been shown that the
ingestion of extremely bitter juices from the pith of plants
or the swallowing of the rough leaves of other species
plays an important role in the suppression of parasite
infections. Parasites are responsible for a variety of
diseases that directly affect the behavior and reproductive
capacity of animals. Therefore, it is extremely important

that animals should be able to eliminate parasites. It is

D R LB OB EADKIGIE. BV
THEOLNTELEYTH S LRFEVWEY, 77U
DRFNBEIC DN T DR DS, MR TITE L,
$Eoh 72 AT U C b 2 O MY 2 B I BI L TV 5 T
EMNREBENT VS, —F. INNDIBRETL N FEZL T
. b b EF IR YT KL IR AR TR
L. ACHYZRNTZEDMSNTNS, TOHEHE
Mo, WENRBNCE > LB IR TH DD, XUIA
BIAMEINCEI OB 2T 5 T Lic k> T, #il
W 3R Z8oTEREWVD 2DDHNTE S,
77V DOKREENERZOMOFEEZEHOHAC
BEPIZEICIE. B b K&, ME#YR L ORFA UK
YUIE & S RIS IR T % T LT s % RRW DA 0 F)
HIH LW T OB O W T O 2 a8 %
EDTH %,

evident that the effects caused by parasites on the host, and
the hosts’ responses to infection are the results of a long
evolutionary process. Research has also shown that African
great apes do not accidentally ingest these items, but seek
these plants out for the curative properties. Interestingly,
humans and chimpanzees living in and around the Mahale
Mountains National Park of Tanzania select many of the
same medicinal plants for use when suffering from similar
ailments. From this and other evidence, two explanations
can be given. Firstly, they show similar behaviors because
they are phylogenetically very close and secondly, humans
have traditionally observed the habits of wild animals to

obtain valuable new medicines for their own use.

There is hope that the study of self-medicative behaviors in
the African great apes and other primates in the wild will
provide new methods of healing and new medicinal plants
effective in the treatment of the parasite disease in humans,

livestock and other domestic animals.
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Structure of Animal Communities and Transmission Dynamics of Mosquito Borne

Diseases
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Yoshio TSUDA, Chief, Laboratory of Taxonomy and Ecology, Department of Medical
Entomology, National Institute of Infectious Diseases (NIID)

WO ERER DG & LT, FRRKEMORYIF L
LTHBEREZXZ TSN, ioRRICE R 12—
BB ZHE T TV D, BRI 2RO & THRT
HB, DHEICIT 100 FH X D OIDERL TVEH,
D55 60 fliEEDIM N ZRKINT 2 HEE2R> T
EEDNE, NEHESRVIOAITIE, KB OHELH
BUFATHS M, WEZIFATRS EE, ALk
W5 FEEESO, faz Wl s A EEMEIN TS, WD
Boa-— 7 %EE. CoWRmEECEFRL TV,
Y OBRKOPICRBIIC L > TREENZ EONH 5,
THUE, RRUCTE S 7B DI %W, > 7210, SsIR A%
M & & EITARPICELD AT, B DR EE B %2 Wk il 9
B LTI ZORFERZIEAT S LIC K> THEET %,

IR 2 9 D9 A EERFEDOIEDOT DT, WL
DO DEYZEN, ERENEBIC K> TIRETN TV
B2, SRR & OFAE, Wl JEEh g ar k. el

Mosquito larvae work as scavengers and decompose
organic matters in aquatic ecosystems. They are important
food resources supporting predator populations in aquatic
communities together with other aquatic insects, such as
Chironomids, midges, etc. The adult mosquitoes also
provide a food source for wild birds, bats, spiders, and ants,
among others. Therefore, mosquitoes are an important
member of aquatic ecosystems and help maintain the
structure and species diversity of animal communities.

Mosquitoes are well known for their blood feeding habits
and have unique roles within animal communities. More
than 100 mosquito species live in Japan and about 60
of them bite human beings. There are mosquitoes that
prefer to feed on wild birds, or on larger mammals, or
frogs, even fishes. It is through their blood feeding habits
that some mosquito species transmit infectious disease to
humans as well as wild animals. Females that have fed
on infected animals ingest the pathogen with the blood
meal, and transmit it to uninfected animals. The capacity
of mosquitoes to transmit pathogens is determined by
several biological and ecological characters, such as vector
competence, host preference, biting density, feeding pattern,

DR BN HICEDT HR7 IV 7 ERERE 2012

g, Hmkl), N OMEIFRESRMICEEINS
728, WORKUEE I LR RNICEHT %, WHH DT
FERDFATH. RRTEEA I DI/ S 7 — ik E RTF
LT3 EWVI IR, WO HfEENTN 3
DU/ SZ— > EIRRRITOBBREEZ B L&, L
MEEARDOGEEICE28WH SRINT S & &, HET
BERVENSWRINT S L2 XPT S EHNEETH
%o BIWIBHEIREARDE ZEMNZ T TN & X,
W & 15 EEY OISR D | SRIFEIRDZITIE LA
AR THRLADFIT O AN IR D, WITE EEH DI
BIPIRHE T, WOME T TRVEYZ NS % T & AVHE
U0 RIEARDZITTE L OS> TRX DRI T
MIZSNBARENENH S, COXIBEEZIND, EY
LR L RSTATOBIRICBET 2%t D N TV 2

and longevity. The transmission dynamics of the pathogens
in animal communities depends largely on the feeding
pattern of vector mosquitoes in the communities.

It is important to distinguish the amplifying- and the
diluting-vector-animal contacts in order to predict the
epidemic of mosquito borne diseases in animal communities.
When mosquito borne pathogens are introduced into
communities composed of many pathogen hosting animals,
vector mosquitoes have a high chance of taking blood meals
from host-animals and thus, the amplifying-vector-animal
contacts are frequent. Conversely, in animal communities
where host animals are rare, a large proportion of vector
mosquitoes feed on non pathogen hosting animals, the
diluting-vector-animal contacts occurs frequently and thus,
the pathogen transmission rate is low. Therefore, we can
expect some relationships between community structure
and transmission dynamics of mosquito borne diseases
within animal communities. Theoretical as well as empirical
ecological studies have been conducted to demonstrate the
relationships between species diversity and transmission of
vector borne diseases.
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Mites Talk about Biodiversity - Ecological Significance of Evolutionarily

Significant Units in Parasites.

MNATBGEN ENBREMIIEAT R ALY T — L« AfE —
Koichi GOKA, PhD, Invasive Alien Species Research Team

National Institute for Environmental Studies

EVMZRIEDREDEDNTALWA, LSk E
A LETHHEEDZEMIE. HTR TS, ELW,
MHOVS LW, H B WIEEIHE D OEIY oY D F i 2
o3, ULhL, HIcRZEW, (—kicid) FEL LR,
WUNS EYRE S ORI E R ORSKE TH D, EE
IERERIBRE R > T %, RHC, FEAEMIIEIREY
& ORNCHELF A IELLE S 725 U, EEDFES LD
W17 EREN ) UL AEME O RIRIC B W T EE
wEERZLTWS, LA L, BUEO ANRTEENIC X %4
Yoo B OB LY O N ARE%IE. 161 —F A4
YIRSt b D s 2 Rl & & ZFA Y O IEGE
BREVI DB THEERP ANMESICER EL 25 L
TWb,

A, R E TN HEEGYEL HEEREL . Th
5 OFRIFEAREDOFENTH 5 T4 EY 2 NHEHNE Xy
TP T R LICK D, IREAMAEDDEZRD

Biodiversity conservation has recently become a boom
field within environmental science. When we talk about
biodiversity people usually only focus on the visible,
beautiful, pretty or stylish animals and plants. But obviously
the less beautiful microorganisms also have membership
within biodiversity and play important roles in ecological
systems. Notably, parasitic organisms have served as
powerful causative agents behind evolution and wildlife
speciation through a co-evolution arms race between
parasites and host species. However, habitat destruction
and biological invasion by large-scale modern day human
activity has caused the historical co-evolution of host
and parasite to collapse resulting in parasite pandemics.
Furthermore, some of the recent emerging and reemerging
disease problems are considered to have resulted from host
switching by infectious viruses. These viruses once only
co-habited, in symbiosis, with certain specific wildlife
hosts but they have since lost their usual habitat due to
human activity. Maintenance of the symbiotic relationship
between human and parasites must be an important process

ZWT T, NHEANOEEIEz K-> TR e B2 5N 5,
AEEMOZ M B X UE T & OHELDEL 2RI
Sl FEAEM E O BGRZHERTT 5 ETE EEAA
Heixs,

X =% Macro-Parasite (HTHRZ 2244 #omh
TRENZFEHETH D, ZLDOANERRIZA A=Y L
WAV ENTHZH, ZOEBIETH > TVWBETT
K5 HH, KidifEEZD5 & 100 HE-EAZS LW
b, ZOEELEERGME ZIRICIES, HlREEH.
FHEH, HBERE, MO EERRV AT LOPT
BEREH 2R UTHED, dLIREEVMZRREOER T
Hb, KFHTIE, 2P HETELHSMBHEATDIN
ETOMFEMRZRAZENE, FEMZ = L EEEMD
MICER D KT B N2 o MREHA L. 2 7akd
PIZ D EEIEIC DV TERE Lz,

for understanding the biodiversity of parasites and co-
evolutionary history between hosts and parasites.

The Acarian is a representative species group within macro-
parasites (visible parasites). While people almost always
have an unpleasant image of this species group, the varieties
already recorded within the group approximate to a total
of 50,000, and the actual total number, including non-
recorded species, may exceed 1,000,000. Furthermore the
life history and habitats of all these species ranges widely
over free living, parasite, predator and so on. So, we can
say that acarians are really important within biodiversity. In
this workshop I will introduce, as an acarologist, the world
of co-evolution produced by parasitic mites and their host
species, and discuss about the significance of miniature
organism biodiversity.

2nd Live Love Animals International Conference on Animal Care in Kobe 2012
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Koichi MURATA, PhD, Professor, College of Bioresource Sciences, Nihon University,

Director, Zoorasia Yokohama Zoological Gardens
President, Japanese Society of Zoo and Wildlife Medicine

Hello everyone. I am Koichi Murata, President of the
Japanese Society of Zoo and Wildlife Medicine, and I

will be acting as the coordinator of today’s symposium.

Let me begin by saying a big “thank you” to all of you
for coming. It is wonderful to see so many people here

despite it being a cold Sunday morning.

First of all, I would like to speak to you about the
purpose and intent of this symposium project. The
theme of the present symposium is “One World, One
Health.” In other words, conservation medicine is an
academic and research discipline aimed at the concept

that the entire earth has its own health.

Now, what does conservation medicine actually consist
of? In all probability, most of you here are hearing the
term “conservation medicine” for the first time. That
is reasonable and totally understandable because the
discipline of conservation medicine was not pioneered
here in Japan but in North America, where it was first

established just 15 years ago in 1997.

This slide shows how conservation medicine is aimed at
achieving human health, animal health and ecosystem
health in a comprehensive manner that addresses the
relationship between all three. Put simply, the concept
of health does not exist individually and separately
in people, animals or ecologically, but stems from
their mutual relationships. This is a quite radical and

essential definition of health.

Conservation medicine, which focuses on addressing

these issues, is an idea that at heart pursues ecological

health. It is an interdisciplinary approach that reaches
into a variety of research fields including political and
social issues. It involves NPOs and ordinary citizens

rather than scholars, per se.

The core aim and target of conservation medicine is
the protection and preservation of biodiversity because
maintaining biodiversity is extremely important. I
m sure you have all had many opportunities to hear
the word “biodiversity”. The mass media takes up
the subject frequently and in 2010 an international
conference called the ‘COP 10 (The 10th Conference of
the Parties to the Convention on Biological Diversity)’
was held at Nagoya. But what exactly is biodiversity?
And why is it so important? When we ask these
questions again, we see that there are some areas that

remain unclear.

As this figure indicates, the global environment is
facing many threats at present. The red marks show
the causes of this critical situation. Among the critical
factors harming the Earth that we hear about often are
climate change (or global warming), the eutrophication
of lakes, and the problem of acid rain. But in fact it
is the disappearance of biodiversity itself which is
considered to be the single biggest risk to the Earth
at present. The entire global ecosystem itself may be
endangered if that risk continues to increase. Actually,
biodiversity is considered to have a greater effect on
the global environment than is usually stated in the

mass media.

So what is the significance or meaning of protecting

biodiversity? Up until now, various researchers and

2nd Live Love Animals International Conference on Animal Care in Kobe 2012
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academics have tried to explain why it is so important.
A great many theories have been postulated and, among
them, the idea put forward by Stanford University
researcher Dr. Gretchen C. Daily of “ecosystem
services” is considered particularly important. The
idea behind ecosystem services is that protecting and
preserving biodiversity can yield benefits for people.
Accordingly, we must preserve biodiversity sustainably
so that people can continue to enjoy the benefits of
biodiversity. Personally I don’t like this idea very much
because it is rather anthropocentric but, as a theory,
it has the merit of being very easy to understand and
is useful for providing a rationale for why biodiversity

should be preserved.

These ecosystem services can be grouped into several
categories. For example, there are so-called “cultural
services,” so-called “conservation services,” and
what can be termed “supply” services. Ecosystems
are considered to provide various services that are
beneficial to people, and these services are related
to each other. Among them are so-called ‘regulating
services”. These include such things as flood regulation,
weather regulation, and disease regulation. Or in other
words, by conserving biodiversity we can enjoy the
benefit of controlling diseases. So from this point of

view, biodiversity is very important.

Now I would like to speak a little more on the subject
of disease regulation, which is one of the points we will
be discussing during this symposium. In the context of
disease regulation there is a phenomenon called the
‘dilution effect’. What this means is that biodiversity
has the effect of diluting the incidence of disease.
First proposed by the ecological researchers Ostfeld
and Keesing, this is now a fairly well understood and
accepted theory that mainly deals with the relationship
between the amount of biodiversity and the prevalence
of vector-borne diseases carried by arthropods such as

ticks and mosquitoes.

I would like at this point to explain the dilution effect
in some detail. The main idea is that certain kinds of
diseases are kept under control where there is sufficient

biodiversity, such as in environments where many

DR BN HICEDT HR7 IV 7 ERERE 2012

species coexist. A specialized book has been written
on the subject, as is shown on the slide. In illustrating
the dilution effect, Keesing took up the subject of
Lyme disease, an infectious disease transmitted by
arthropods. Lyme disease is a zoonosis, meaning that it
is a disease transmitted between animals and humans.
It is actually a bacterial infection commonly spread
by ticks. The disease-causing agents are bacteria
belonging to the genus Borrelia. Essentially, the
disease is maintained through a relationship linking
the disease-causing bacteria, ticks and wild animals.
From time to time, people also become infected. The
disease causes a distinctive circular skin rash (known as
erythema migrans), as well as flu-like symptoms such
as fever. Lyme disease is not life threatening although,
if treatment is delayed, symptoms can become severe.

However it is not something we need to fear very much.

These days however, the incidence of people infected
by Lyme disease is spreading worldwide. In particular,
many cases of infections are reported among urban
dwellers who go camping or pursue other outdoor

activities in the countryside.

In a short while I would like to talk in a little more
detail about the connection between Lyme disease and
the preservation of biodiversity. But before that, I will
try to give a simple description of the life cycle of ticks.
Near the end of this symposium, I believe Dr. Goka of
the National Institute for Environmental Studies will
be talking about ticks. But in simple terms, ticks grow
through the larval and nymph stages by sucking the
blood of many kinds of vertebrate animals, and then,
when they reach the adult stage they lay eggs. That's

their life cycle in a nutshell.

To sustain their life, ticks require nutrition in the form
of blood from mammals or birds. However, they don’
t draw this blood from pre-selected hosts, but rather,
they encounter a host animal at random and then begin
sucking its blood. They may end up drinking the blood
of an animal whose blood is unpalatable to them and if
the blood is unpalatable they may die, (or at least their
growth may be retarded).



In the case of Lyme disease, it turns out that ticks
harboring the bacteria that cause Lyme disease
are particularly fond of the blood of mice. It is
well understood that if they get the opportunity to
drink mouse blood, they grow very well and tend to
proliferate. This is a key point. For instance, let’s take
a look at an environment model. There are lots of
animals here. This environment has lots of different
kinds of animals that ticks feed on, and within it there
are some mice. But there are also animals not favored
by the ticks that transmit Lyme disease, such as birds
and skunks. For some reason the blood of skunks
appears to be particularly unpalatable. Ticks feed on
the blood of individual animals at random so in this
environment their chances of encountering a mouse
are extremely low. As a result, their rates of growth and
proliferation are not very high. But on the other hand,
within a different environment where biodiversity is
extremely low, (such as, for example, an environment in
which most animals are mice, with only the occasional
raccoon - a foreign exotic species), then most ticks will
encounter mice, their favorite food source, and so their

rates of growth and proliferation will be high.

Keesing and his fellow researchers conducted field
studies to investigate how Lyme disease is actually
propagated in a species-rich environment. In this figure,
the horizontal axis shows the species diversity and
the ratio of ticks infected with Lyme disease is plotted
along the vertical access. The environment on the left
is extremely simple with impoverished biodiversity
and with hardly any mammals apart from mice. When
ticks obtained from this environment were examined, a
large number of Borrelia bacteria, the pathogen causing
Lyme disease, were found on the ticks’ bodies. But
when the same kind of survey was carried out on ticks
from within a biodiversity-rich environment, only a very

few were found to be carrying Borrelia.

Naturally, there are counterarguments. But on the other
hand, there are reports that a similar dilution effect can
be observed in the case of West Nile virus and other
viral diseases such as the Sin Nombre virus. I'm sure
you have all heard of the term “emerging infectious

diseases.” These are infectious diseases that have

recently begun to spread in the human world, and in
most cases emerging infectious diseases are zoonoses.
A zoonosis occurs when a disease-causing agent that
is present in one or more species of animals newly
crosses over to infect and cause disease in humans. As
this map shows, most zoonoses originate in tropical
regions such as Africa, South America and Southeast

Asia.

The reason is that originally in such areas, wild
animals, pathogens and vectors had been living quietly
together in a delicate balance, but that balance became
destroyed because of developments such as agriculture.
The collapse of the relationships between wild animals,
pathogens and vectors allows new infections to spread
to the people and livestock that colonized the areas.
This map suggests that perhaps airplanes and ships
carry diseases that occur in such places to industrialized
countries such as the nations of North America, Europe

and Japan where they can spread further.

On the other hand, there are some areas that are
known as biodiversity hotspots. This slide shows the
distribution of rare animals, endangered species and
species indigenous to only a small area. Actually, many
rare species of wildlife are found where biodiversity
is abundant and the environment is rich. The places
marked in red on the map are such hotspots and they
actually overlap quite well with the places I showed

earlier where new infectious diseases emerge.

As you are such an intelligent audience, I am sure you
have understood what I've said up to now. Although the
wild animals and pathogens living in these biodiversity
hotspots affect each other and the balance between
them is delicate, under natural conditions things tend
to work out somehow and diseases do not spread very
much. But when people go into such places and exert
an influence on the environment or damage it with
development, this balance can collapse. And when the
balance collapses, the pathogens can exert an influence
on livestock or people. In other words, we can say that
by damaging biodiversity, people unleash a process of

destruction that comes back to people again.

2nd Live Love Animals International Conference on Animal Care in Kobe 2012
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I've been taking about ecosystem services so far, but
more fundamentally, unless people establish a better
relationship with pathogens, vectors and wild animals,
in my opinion we will not be able to maintain the earth’
s ecological health. This is one of the major reasons

why we planned this symposium at this time.

So, in order to spread understanding of this purpose
more widely, I have requested three lecturers to give

talks on the subject.

The first lecturer is Prof. Michael Huffman, an associate
professor at the Primate Research Institute, Kyoto
University. Prof. Huffman has studied self-medication
by primates, and specifically by the great apes. He
has observed that apes control their own bodies,
which means they can maintain their own health, heal
themselves when they become ill, and even prevent
illnesses from arising in the first place. From before,
I have read Prof. Huffman’s papers and specialized
books with interest. I've invited him to talk to us today
because I thought it would be a good opportunity for
us to learn about the intelligence of apes and about
their lifestyles, which are adapted successfully to the

environment.

Our second lecturer today is Prof. Yoshio Tsuda,
a researcher at the National Institute of Infectious
Diseases. Prof. Tsuda is proceeding with his research
from a stance of looking at disease from the perspective
of mosquito biology rather than that of the relationship
between mosquitoes and infectious disease. When
you think of mosquitoes, you may only be thinking
about how to squash them, but I think that if there is
an environment in which mosquitoes can't live, then
perhaps it is an environment where people can't live
either. In this sense, I would like us all to learn how
skillfully mosquitoes are engaged in their environment
and how important an element of the environment they

are.

Dr. Koichi Goka, who is also a researcher at the National
Institute of Infectious Diseases, will give today’s last
lecture. Dr. Goka is now working mainly on the control

of invasive alien species. However, originally he was
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researching tick damage to agriculture. Ticks are also
very important organisms in the environment, and
probably the soil cannot be kept in a healthy condition
without their help. This means that environments
without ticks are environments where people cannot
live either. I would like everyone to realize this, and that

is why I have invited Dr. Goka to speak to us.

Now, I'd like to tell you about to the relationships I have

with these three lecturers.

As for Prof. Huffman, although I have known his
name for a long time, as I mentioned I first became
acquainted with him in a research context at an
international conference held several years ago on
the non-human primate malaria parasite Plasmodium.
At that time, Prof. Huffman was also working as a
coordinator of the International Primatological Society
(IPS). In spite of his busy schedule, he participated in
the primate malaria conference, where he delivered
a lecture. Perhaps because he was tired after that, I

remember he slept deeply during the conference.

[ met Prof. Tsuda for the first time five or six years ago.
Although my specialty was avian malaria, I was almost
totally ignorant about mosquitoes. I wanted to develop
avian malaria research in some way by obtaining Prof.
Tsuda’s cooperation, so I have accompanied him on
fieldwork across Japan and carried out research with
him as his co-researcher. Even today I receive guidance
from him about mosquito biology, behavior and

classification.

I have also been acquainted with Dr. Goka’s name for
many years. Perhaps you too are aware of his activities
through the mass media including TV. Although
he is extremely busy with his research, he actively
participates in drinking sessions outside of research
hours and he has developed a habit of taking photos
with his students. These are posted on Facebook. I
introduced one of these photos earlier showing him and
me together. At this symposium too, he has been taking
photos with many people, and these will also be posted

on Facebook.



Now it is time to hear the lectures from these three
academics, which is the original purpose of this
symposium. First, Prof. Michael Huffman, please start

your talk now. I invite you all to enjoy his lecture.

Critical Status of Biodiversity Loss
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Dilution Effect of Lyme Disease
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Self-Medication in Primates- Prevention and Cure

HER AR R deBU% - NT <V A ATV
Michael A. Huffman, PhD, Associate Professor
Primate Research Institute, Kyoto University

Good morning everybody. First of all, I would like to
express my thanks to all the people who have been
involved in planning and hosting this highly significant
international conference, beginning with Prof. Murata.
Yesterday, I heard a lot of talks, and although they
addressed fields somewhat different to my own, I still
found them very interesting and informative. I enjoyed

them a great deal.

I would like to talk to you now about my own research.
My talk will overlap to some extent with what Prof.
Murata was talking about earlier so let me introduce

that part from now.

Today I am going to talk on the subject of “Self-
Medication in Primates - Prevention and Cure”. To
begin with, there is one point on which I must insist.
Many people may think that primates are capable
of self-medication because they are clever. But I
personally don’t think this reasoning is correct. As
Prof. Murata stated earlier, we humans too are animals.
We shouldn’t forget that just like us, plants and other
animals are living things, and that we all live together
in one world. With regard to self-medication, I don’
t believe that primates lead a particularly special kind
of existence. On the contrary, [ believe that all living
things must perform self-medication in some way or
another. Because unless organisms - whether they be
primates, birds, fish, or even insects - have some means
of maintaining their own health when facing disease or
stress, then they would not be able to continue to exist

on Earth.

Probably, the first living things to begin practicing self-
medication were the plants, because predators eat
plants if they can't protect themselves. Plants rely on

their leaves to collect energy yet the parts of plants
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that have a lot of nutritional value, such as the leaves,
are also the parts that get eaten by animals. Plants are
considered to employ two strategies in order to defend
themselves against being eaten. Their first defense
strategy is to produce various chemical substances.
Due to the presence of toxic secondary metabolites,
important parts of many plants are rendered distasteful
to animals. Many of these substances are bitter to the
taste. For instance, if a predator overeats a certain kind
of leaf and the animal develops a disorder (such as bad
digestion, etc.) it will, as a result, tend to avoid feeding
on the species of plant in question. The second strategy
is a physical defense. Some plants grow large burs or
thorns, while others have almost invisible small, hard
projections that are closely packed on the surface of
their leaves. These small projections, which make the
rough textured surface of the leaves, are made of a
glassy substance called silica which is very difficult to
digest. So if an animal eats such leaves, it will develop

indigestion.

This is a photograph of the surface of such a leaf taken
though an electron microscope. It gives a good idea of

how many tiny burs cover the leaf surface.

In short, third parties have taken over these two
methods of defense, which originally evolved in order
to protect plants, for use in protecting their own bodies.
There are reports that many kinds of animals use these
two plant defense methods as “medicines”. Insects are
considered to have been the first animals to begin self-
medication as an evolutionary process. Around the time
the first flowers and fruit began to grow, there was also
an explosive increase in the number of insect species.
In the course of that process, insects began using the
plants for purposes other than nutrition. Plants were

also co-evolving with insects, and relationships of deep



mutual dependence developed between the two.

This figure illustrates such close relationships between
specific plants and insects. Some species of plants and
insects have co-evolved into relationships of mutual
dependence such that neither would be able to continue
existing without the other. Ecosystems in which a single
species of plant and a single species of insect function

as a single unit have formed.

Within these relationships, insects play a role in
making plant reproduction possible by carrying pollen.
Of course, from the insects’ standpoint, they are using
the plants as a source of nutrition. And they also use
the plants as “natural medical foods”, which means
they literally ingest medicinal plants. While on the
one hand the insects help the plants, after ingesting
the nutrition of the plant, they also use them to
stimulate various functions by accumulating the plants’
secondary metabolites within their own bodies. These
secondary metabolites serve a variety of functions.
For example, insects use them to stimulate various
interactions between individuals of the same species,
such as their function as precursors in the formation of
pheromones. These help the sexes come together for
mating. Some insects also use secondary metabolites
as social communication tools or for defense against
natural enemies. They make themselves unpalatable
to predators by accumulating large amounts of these
substances in their bodies. So if a predator puts an
insect (such as a butterfly, which has adopted the
defense strategy) into its mouth, the presence of
the substance will cause the predator to spit out the
insect. In that way, the insect can avoid being eaten.
In addition, some insects use secondary metabolites
for their anti-parasitic effects. Poisonous substances
created in plants and ingested by the insect can

function to destroy parasitic infections.

From insects to primates, many animals have been
observed to practice self-medication. Animals try to
protect themselves and maintain their health on several
levels when they come into contact with diseases. Now
I am going to change the subject to the self-medicative

behavior of primates, and in particular, of chimpanzees.

I'd like to introduce you to how chimpanzees maintain
their own health using the two kinds of plant defense
systems I mentioned earlier, as well as to various other
kinds of behavior they engage in to maintain health.
Roughly speaking, these behaviors can be considered

as operating on three levels.

Level 1 is behavior aimed at avoiding becoming
infected with disease-causing agents and at reducing

contact with such agents.

Two examples of this behavior are shown in these
photographs. The one on the left shows olive baboons

that live in the savanna on the Serengeti Plain.

There are four individuals and at dawn they go out
foraging. Overnight, they stay in different trees,
moving from one to another every few days. At times
when food is plentiful they may remain on the same
tree for a number of consecutive days. When they do
this, a parasitic infection begins to break out from the
excrement they leave beneath the tree. Sometimes
it takes a few days for the infection to begin, but if
the baboons climb the same tree everyday or carry
out activities on the ground beneath the tree, the
probability that they will contract the infection becomes
very high. It is said that the baboons change the place
where they stay overnight periodically in order to

minimize that risk.

The other example I want to show you is the method
illustrated in the photograph on the right. These
monkeys are hamadryas baboons that live on the
Arabian Peninsula. Their habitat is a desert area that
doesn’t have an abundant supply of water all year
round. When water levels become very low, all the
animals in the area gather close to the limited water
sources. Due to the small volume of the water, the
temperature of the water rises, creating a perfect
environment for disease-causing agents (carried by the
various animals in the area) to propagate. By drinking
this water, animals have a very high probability of
coming into contact with a wide range of pathogens.
These baboons do a very clever thing in order to avoid

the problem. In this photograph, you can see green
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water flowing slowly at the bottom of the picture. The
baboons are digging a hole in the sand at a place some
distance from this stream. The groundwater emerges at
the place where the baboons dig their hole. By making
something like a well they are able to obtain cleaner

water.

Through these two examples, we can ascertain that
monkeys know some ways of avoiding being infected
by disease and of reducing the risk of coming into

contact with pathogens.

At level 2, animals eat foods that are nutritious and
produce medicinal effects. In terms of the way humans
look at the world, these foods fall into what we call the

‘supplements’ and ‘spices’ categories.

As you can see from this photograph, chimpanzees
follow a largely frugivourous diet and they can quickly
gain energy this way. The sugars contained in fruits can
be used as an immediate energy source. Many fruits
are also rich in protein and provide the animals with

necessary fiber and minerals too.

On the other hand, chimpanzees also eat plants
that contain various other ingredients in addition to
nutrients at certain times of the year. These plants
are classified as medicinal foods. Some plants contain
substances that have bactericidal effects or which

inhibit parasitic infections.

For example, for many years I have been conducting
research on chimpanzees in the Mahale Mountains
National Park in Western Tanzania. In that park, [ have
focused on a group called the M Group and researched
how much of these medicinal foods are included in the
food they actually eat. In the course of this research,
I have found that approx. 22% of the 172 kinds of
food they usually eat coincide with natural medicines
that humans use to ward off parasitic infections. More
generally, it has been established that throughout Africa
both chimpanzees and humans use the same parts of
the same plant species for easing specific symptoms
of specific diseases such as parasitic infections or

gastrointestinal diseases. Interestingly, apart from fruit,
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people in Africa use many other plant parts such as
leaves and leafy stems, trunks, seeds, etc., as medicinal

plants.

Now, I will show the situation with another primate
species, the gorillas. In the same way as I did with
chimpanzees, I surveyed how much overlap there was
between the plant parts that gorillas eat and the plants
that local people use for medicines, with reference to
a list compiled of all the foods known to be eaten by
the three sub-species of gorillas. Surprisingly, I found
that the plan parts taken by both gorillas and humans
contain substances that have a variety of effects. For
example, some of them contain factors that inhibit the
growth of cancers, promote cardiac function, work as
stimulants, boost the immune response, etc., in addition
to working as antiseptic, anti-parasitic and antiviral
agents. Unfortunately, it has not yet been observed how
much, in what way, or in what situations gorillas use

these plant parts.

The next level up is Level 3. At this level, primates
are using medicinal plants precisely as humans use
medicines. This is self-medicative behavior in which
primates are observed to use medicinal plants when
they are sick or when disease symptoms appear. In
cases where large amounts of the plants are poisonous,
they use limited amounts and employ special methods
to treat disease. Even if their health condition
deteriorates, they only use limited small amounts of

these plants.

Now, let me explain how this works in the case of
chimpanzees. They have two ways of self-medicating

that I would like to introduce.

In the photograph on the left side of the slide, you
can see a chimpanzee named Linda, who is about to
put a leaf into her mouth. The plant is of the genus
Aspilia, which has leaves with a roughly textured
surface similar to the one I showed you in the electron

microscope photograph earlier.

Chimpanzees put the leaves into their mouth one by

one, rolling each leaf around in their mouth and then



swallowing it without chewing it. Sometimes they may
swallow up to a hundred leaves in this way at a single
sitting. As I mentioned earlier, such leaves are difficult
to digest. Chimpanzees eat things that are hard to digest
in order to promote the body’s rejection responses.
When the leaves pass through the digestive system,
they act as a de-worming agent, helping to remove the
parasitic nematode worms that infest the chimpanzees’
intestines. This self-medication method involves a
physical effect, and the chimpanzees’ are engaging in

what is known as “leaf swallowing behavior”.

Another method is to use Vernonia amygdalina, a plant
in the family Asteraceae. The chimpanzees chew on the
bitter pith of the plant aggressively and suck out its
juice. This is known as “bitter pith chewing behavior™.
This pith juice doesn't contain anything of nutritional
value, but it is effective for treating oesophagostomiasis,
an illness resulting from a parasitic nodular worm
infection. This infection is quite a serious disease, but
based on my own observations, by drinking the bitter
juice of the pith of this plant, visually confirmable
symptoms such as fatigue, decreased appetite and
abnormally colored urine disappeared within 24 hours,
and the parasites’ egg laying activities also ceased.
I have reported this observational data in scientific

journals.

In the Mahale Mountains National Park, there are clear
differences in how the nodular worm infection rates
wax and wane between the rainy and dry seasons.
Within the approximately six months when the region
receives heavy rain, these parasites actively and

repeatedly infect chimpanzees.

This figure shows the life cycle of the nodular worms.
When the chimpanzees excrete the eggs of these
worms, they remain in the soil or on the surface of
low plant leaves until they reach the L3 stage. At
this stage they become larvae capable of re-infecting
chimpanzees. About the time when the rains start, the
environment becomes favorable for the development
of the eggs and young larvae excreted in chimpanzee
feces. When chimpanzees unknowingly take in the

infectious L3 stage larvae, these parasites burrow into

the chimpanzee intestinal wall and produce nodules.
After an incubation period of about one month,
the negative effects of the infection appear in the
chimpanzees. If the degree of infection (the number
of adult worms infecting the host) becomes very high
this leads to symptoms such as intestinal inflammation,
diarrhea, stomach pain, etc. If the infection is
particularly heavy, it may even kill the host chimpanzee.
In the period from the beginning to the middle of the
rainy season, infected chimpanzees frequently engage
in both bitter pith juice ingestion behavior and leaf

swallowing behavior.

Sick individuals carry out these two activities
frequently and interchangably. Though as I mentioned
above, because Veronia is toxic, they do not practice
this behavior as much as leaf swallowing. Now, I will

introduce the behavior in more detail.

This photograph shows a chimpanzee putting a leaf
into its mouth, rolling it around and trying to swallow it

in a gulp.

[ once rolled up such a leaf and attempted to swallow
it in the same way as the chimpanzees do, but it was
extremely difficult. The burs grow downward, so the
leaves tend to stick in the throat and will not travel
down smoothly. It was a thoroughly unpleasant
experience for me. However, chimpanzees casually

swallow up to a hundred of these leaves on occasion.

The chimpanzee in this photograph is again Linda.
She is about to swallow the leaf she is holding in her
hand. The other photograph shows a leaf on which
you can see an adult modular worm of the species
Oesophagostomum stephanostomum, which is about
3cm in length. Fighting infestations by this parasite is
one of the aims of this particular form of chimpanzee

self-medication.

On average, two leaves is effective in expelling one
worm. Sometimes, 20 to 30 adult worms are forced out
from a single ‘dose’ of 40~60 leaves. The de-worming
effect is not due to the plant’s secondary metabolites

but the result of transient diarrhea simply increasing
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movements of the intestines, which rapidly expel the
leaves and worms with them. Even if the chimpanzees
ingest the leaves every day, it doesn’t seem to cause
them any problems. During the rainy season, there
is a high possibility that individual chimpanzees will
be infected by parasitic worms many times, but this
method seems to be sufficient for controlling the
number of worms. Looking at the infection rates data,

the treatment seems to have this effect.

Chimpanzees engage in this behavior frequently at the
beginning of the rainy season when each individual’
s modular worm infection burden increases. Not every
individual chimpanzee becomes infected, and this
behavior is not observed everyday in the rainy season.
But in the dry season it is hardly observed at all.
However, from about one month into the rainy season,
a marked increase is observed in bitter pith chewing

behavior.

As research into the African great apes - chimpanzees,
bonobos and gorillas - has progressed over the past
20 years, this leaf swallowing behavior has been
observed at 16 research sites, not only at Mahale.
The same behavior has also been noted at many sites
being used to counter infection by the nodular worm
Oesophagostomum stephanostomum. Yet another
target of the same behavior is the tapeworm Bertiella
studeri. Leaf swallowing behavior has a similar de-
worming effect on both infections. The adult stage
worms and the tapeworm proglottids are excreted
together with the leaves. In the case of the nodular
worm, the number of adult-stage worms is clearly
reduced, so there seems to be a definite effect. As for
the tapeworm nodule excretion effect, there has not
been much discussion on the subject. Up to now, it
has been established that chimpanzees engage in leaf
swallowing behavior while making use of the leaves of
about 40 different species of plants. All of these species

have similarly rough textured leaves.

Next, let's take a closer look at the chimpanzees’ bitter
pith juice ingestion behavior. The plant they use at
Mahale is Vernonia amygdalina. This plant is very well

known in both folk medicine and in pharmacognosy.
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It has been demonstrated to lower malarial fever,
blood cholesterol and blood sugar levels, and is very
effective against parasitic infections. People are widely
reported to use it for their own livestock. However,
although this plant has been studied for a century,
the fact that primates use it as a medicine for treating
parasitic infections was not discovered until 1987. It
was in fact myself who made the first observation and
reported about this behavior. Interestingly, I found
that both humans and chimpanzees exhibit the same
symptoms after ingesting Vernonia amygdalina. The
plant is very bitter. When people use it, they first beat it
and then soak it in water until the water becomes deep
brown, which doesn’t take very long. Then they drink
the water down all at once. This is said to result in an

improvement in their condition within 24 hours.

In the case of chimpanzees also, within about 24 hours
of drinking the bitter juice from the pith of the plant,
their body condition shows clear signs of improvement.
By observing their behavior we can clearly see
improvements in their appetite and physical strength.
The fact that humans and chimpanzees have this

response in common is very interesting.

People have been researching Vernonia amygdalina as a
natural compound for over a hundred years. A long list
of compounds have been extracted from the plant, with
many kinds of sesquiterpene lactones among them.
Every report without exception mentions the powerful

activity and poisonous ingredients of the plant.

However, until 1987, nobody had paid attention to the
plant pith, the part that is used by chimpanzees, so the
chemical composition of the pith was unknown. To
remedy this situation, I carried out joint research with
Prof. Koshimizu and Prof. Ohigashi of the Faculty of
Agriculture at Kyoto University regarding the chemical
analysis of Vernonia amygdalina and its bioactivity. One
of the results of the research was that we discovered
13 new chemical compounds. These were identified to
be steroid glucosides and were named Vernonioside A1,
2,3,4,B1, 2, 3, etc.

In summary, chimpanzees engage in leaf swallowing



and bitter pith juice ingestion behaviors as self-
medication during the rainy season when infection
rates of the nodular worm Oesophagostomum
stephanostomum and the tapeworm Bertiella studeri
are high. Other medicinal plants are also used
intensively throughout the rainy season when parasite
infection rates peak. The chimpanzees appear to use
these plants from time to time up until the end of the

rainy season.

In the dry season, leaf swallowing and bitter pith
juice ingestion behavior are rarely observed. And the
chimpanzees reduce their intake of natural medicinal
foods too. When the season changes, the animals
change their food menu and employ more direct

treatment methods.

Lastly, I would like to talk about ethnopharmacognosy,
which is another of my research themes. In this
connection I would like to introduce you to Mohamedi
Seifu Kalunde, with whom I cooperate on chimpanzee
research in Tanzania. Mohamedi is very knowledgeable
about medicinal plants and he works actively as a
traditional healer treating the diseases that affect the
local people. He was born and raised in the forests of
the Mahale Mountains, and has a wealth of knowledge
about local medicinal plants that has been handed
down for generations in his family. I've walked around
the forest together with Mohamedi for almost 20 years
and he has taught me a great deal about chimpanzees
and plants. For example, he has told me that among
his own relatives there are people who tell how they
obtained many new medicines by observing how sick
animals act. Even while we were working together, he
discovered a new antidiarrhetic medication. Having
seen a sick chimpanzee with diarrhea practicing self-
medication he correctly surmised that the plant being
used might be effective for people too. So he tried it out
on himself and found that it did work well. It is widely

used nowadays.

I have another interesting story to relate, this time
about Babu Kalunde, Mohamedi’s grandfather, who
was a traditional healer. He discovered a new drug just

by watching the strange behavior of a porcupine. He

noticed a weak porcupine digging up and eating the
root of a plant his tribe called mulengelele which he
recognized as being highly poisonous. Babu Kalunde
knew there must be a reason behind the behavior so he
brought a few roots back to his village and used them
to treat some seriously ill patients. Mohamedi and other
healers still use this root today to treat infections for

which western doctors would use antibiotics.

The next speaker, Prof. Tsuda, will be talking about
malaria, so I'm going to end my talk by giving a brief
introduction to primate malaria. There is no doubt that
malaria has had a huge effect on primates as well as on
humans. It is an established fact that all four malaria
species infecting humans are derived from strains that
infect non-human primates. Recently, in Southeast
Asia, the simian malaria parasite Plasmodium knowelsi
(which usually only infects macaques) has begun
infecting humans too. Since this is an infectious disease
that the local monkeys have been living with for a long
time, it does not represent a major problem for the
monkeys. But as an emerging disease in humans, it

causes serious symptoms in people who contract it.

At present, there are no effective medicines for treating
the disease but in the course of recent research it
has been found that chimpanzees are also infected
by malaria. As part of our 1990s research into the
ingredients within the medicinal plant Vernonia
amygdalina - as used by chimpanzees - we have
discovered that chemical compounds have a strong
anti-malarial action. More recently, another chemical
compound has been reported which also has anti-
malarial parasitic action. It was isolated from a species
of plant called Trichilia rubescens and it is a plant
that chimpanzees in Uganda use. So there is great
anticipation that this discovery can be turned into a

new medicine for people.

Several years ago I checked out the latest reports about
Vernonia amygdalina (using Google) and found that the
University of Missouri had obtained a patent to use a
substance obtained from this plant as a medicine for
treating breast cancer. Animals and humans have been

living together for a long time in one world but since
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we humans have come to live in modern societies we
have gradually lost touch with nature. As a result we
have started to lose the natural knowledge that we had
previously gathered. I believe there is a link between
preserving the natural environment and biodiversity
and protecting our own health. We need to reconsider
the importance of the global environment and our
position in nature. In closing I would like to thank you

very much for listening.
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Structure of Animal Communities and Transmission Dynamics of Mosquito Borne

Diseases
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Yoshio TSUDA, Chief, Laboratory of Taxonomy and Ecology, Department of Medical
Entomology, National Institute of Infectious Diseases (NIID)

Hello, I am Yoshio Tsuda of the National Institute of

Infectious Diseases.

As Prof. Murata mentioned during his introduction,
[ am first and foremost engaged in research on
mosquitoes that transmit diseases to humans. These
days however, just like Prof. Huffman who is working
on simian malaria, and Prof. Murata who is working
on avian malaria, I have also been working on animal
malaria and particularly on the vectors that spread

malaria.

I expect most of you have an image of mosquitoes
as disagreeable insects that suck blood and
spread diseases. But today, let’s try to improve our
understanding a little more about mosquitoes and the
mechanisms by which they spread diseases, including
the fact that not all species of mosquitoes actually
spread diseases. And on that basis, let's explore how
mosquitoes spread infectious diseases in animal
communities including to humans. To begin with,
I would like to talk more about what Prof. Murata
mentioned in his introductory talk because, although
mosquitoes do carry diseases, this need not be such
an enormous problem. We should also be thinking
about what the ecosystems that include mosquitoes can

achieve.

In terms of content, I will be talking about the dilution

effect that Prof. Murata introduced at the start.

Among the questions I am often asked about
mosquitoes are “what good do mosquitoes do,
and wouldn’t it be better all round if they didn’t

exist?” Certainly, we tend to see only the bad side of

mosquitoes. But let's take a closer look. This is a copy
of a page from a textbook about mosquitoes, and it
shows a mosquito larva, which is commonly known as
a wriggler. This schematic diagram shows an image
of a rice paddy. Perhaps most of you have not had
this experience, but if you go to a rice paddy not long
after the rice seedlings have been planted and look
closely, you will see that there are a lot of wrigglers in
the water. There are lots of rice paddies, particularly
in Southeast and East Asia including Japan. And these
places where wet-paddy rice cultivation is carried out
are among the most important sources of wrigglers and

mosquitoes.

At the same time, there are many different organisms
also living in rice paddies. In particular, during the
Japanese rainy season in June, when wrigglers are
common, the fry of fish such as killifish, crucian carp
and loach are emerging from their eggs. These young
fish rely on wrigglers as a major part of their food
intake. Water fleas also feed on the newly hatched
mosquito larvae and other insects also use them as
a food source. The number of wrigglers that hatch
each year is enormous, and they can be considered an

important food resource for many other creatures.

While we are focused on the image of the adult
mosquitoes that come around to suck our blood,
these creatures are in fact eaten by a host of natural
predators such as birds, bats, frogs, spiders and
dragonflies that prey on insects. So they are an
extremely important food source for natural predators.
Additionally, the wrigglers feed on the straw from the
previous year’s rice crop found in the waters of rice

paddies. In so doing they help break this material down.
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Given this other role as scavengers they are a vital
component of the ecosystem and their absence would

cause problems.

Of course, mosquitoes do not only live in rice paddies
and, worldwide, there are about 3,000 known species.
In Japan alone, about 112 species exist in the wild.
These various species of mosquito have different
breeding habits and their wrigglers hatch in different
places. I'd like to talk about that next.

Mosquitoes live in a wide range of habitats, but for
today’s talk I will show you some data from the rice
paddies of Izumo in Shimane Prefecture. 'm sure
everybody here today has heard of Izumo, which is
around here on the map. Here is Lake Shinji, and here

is the rice paddy zone where the data was gathered.

The reason why this particular area was chosen for a
survey is that it is famous for the enormous number of
migratory waterfow] that visit, as you can see from this
photograph taken in October of the survey year. These
birds overwinter in Izumo but there are other species
of birds that are summer visitors. Because this small
area attracts so many migratory birds, if individual
birds carrying infectious diseases arrive, it is easy
for the infections to spread. For instance, a mosquito
biting an infected bird and sucking its blood also takes
in disease-causing agents, or pathogens, present in
the bird’s blood. Later, this same mosquito may go on
to bite another bird or even a human being, thereby
infecting them with the pathogen too. My main work
involves investigating these kinds of infection routes
and the amount of risk they entail. I survey mosquitoes
in various places where migratory birds congregate,

and Izumo is one of these places.

This figure is small so it may be difficult to make out. It
is a relief map, and just here, where you can see a grid
pattern, is the rice paddy zone. And naturally, because
rice paddies need irrigation, there is a river. Here you
can see the characteristics of Izumo. This is the hilly
area behind the rice paddies, and you may be able to
see some small ponds dotted about, which are marked

in blue. These are irrigation ponds. Even today some of
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them are still in use but in the old days water from all
of these reservoirs was used to provide irrigation water
for rice growing. These days a different water supply
system is used so most of the irrigation ponds are no
longer used. For the most part nobody takes care of the
unused ponds so they have become places where the
wrigglers, the mosquito larvae, hatch and grow. This is
a photo showing one of these ponds. The water here is
an ideal breeding ground for wrigglers and so I select

places like this for catching mosquitoes.

The surveys are carried out in this kind of hilly area
and also along riverbeds in locations where there are a

few trees growing up from the riverbed.

Within the rice paddy areas, capturing mosquitoes
inside the paddies themselves is difficult. So, because
in most rice-growing communities there is a Shinto
shrine surrounded by thick growing vegetation, I try to

capture mosquitoes there using traps.

Here in Izumo, there is another interesting survey spot
known as the “Sagi Yama” which translates as “heron
mountain” in English. In summer, it attracts a great
many herons, but various other kinds of birds also
congregate there and build their nests, so there are a
lot of nests concentrated in the same location. Such
places are commonly called “sagi yama” in Japan, so
when | was informed that there was a heron mountain
in Izumo, I decided to collect mosquitoes there. Today,
looking hard at my own slides, I've noticed that
although the subject of today’s talk is “mosquitoes”,
there is not a single mosquito image among them.
Although I said I was going to talk about mosquitoes
this talk is actually less concerned with the mosquitoes

themselves.

This is the mosquito species Culex tritaeniorhynchus
which is a vector in transmitting Japanese encephalitis.
Japanese encephalitis has been the biggest single
infectious disease problem in Japan. These days there
are almost no patients with the disease, but there is still
a problem in that a number of people do become sick
every year who appear to be infected with it on first

glance. These mosquitoes were captured in the vicinity



of a pond. You can see that there are mosquitoes of
different colors, which means that they belong to
different species. So from this you can see that there
are various species present. About one quarter of the
individuals collected were of C. tritaeniorhynchus. At
the shrine however, the mosquitoes collected were of
only three colors so the total number of species was
very small. Again, C. tritaeniorhynchus accounted for
about one quarter of the individuals. In riverbed areas
we come across individuals of a few other species, but
in these places too C. tritaeniorhynchus is extremely
common. This also shows that we capture different

kinds of mosquitoes in different places.

Perhaps, what we can catch depends on what kinds of
mosquitoes live in what kinds of places. But, more than
that, because movement and behavior varies between
different species of mosquito, each species tends to live

in the places it finds convenient and easy to live.

To find out what a heron mountain is like, let us take
a look at the data obtained from the heron mountain
in Izumo. This particular heron mountain is not such a
big one. When I talked to some locals at the start of the
survey they told me that it was certainly big in the old
days. When I went to the site, the first thing I noticed
was a strong smell. There were lots of bird droppings
lying around and the smell was overpowering. It was
also very noisy. These birds tend to gather in places
where it is difficult for people to walk. While the
number of birds at this site was not particularly large it
was a proper heron mountain in which night herons, as
well as little herons and cattle egrets, had all built their
nests en masse. Beneath this heron mountain, among
the vegetation and the whitish bird droppings, if you
dip into the soil where you can see these little channels,
you can capture the mosquitoes that suck the blood of

various animals.

Here is a different heron mountain that I visited in
Tokushima Prefecture during the following year. This is
a huge heron mountain that is literally covered in nests.
The birds make their nest at heights from between two
meters to five or six meters. This nest is positioned

approximately two meters above the ground, which

is why I was able to take a photograph of it. Here and
there in the heron mountain there are fallen trees, and

lots of mosquitoes rest on the tree branches.

This species of mosquito was captured from a heron
mountain but I am not going to talk about this
particular species today. In total I have captured about
16 species of mosquito. Now I would like you to take a
look at this red area. This is a mosquito that has sucked
blood. It has a partially full belly but, as I'm sure you
know, mosquitoes can keep sucking blood until their
belly becomes really huge. That one there is a full-fed
mosquito. Those with only partially full bellies have
only sucked a little blood. Perhaps the host bird moved
and caused them to stop while they were feeding. This
one has a belly half full with blood while the other
half has already been digested. When the blood has
been half digested, the mosquito produces eggs while
continuing to digest the remaining blood. In this case,
the eggs are filling up about half of the belly space.
The condition of this next one is that all the blood has
been digested and the belly is bulging with eggs. This
one has a flat belly because it has not yet sucked any
blood at all. We catch different mosquitoes exhibiting a

variety of physiological conditions.

My main subject today is the analysis of the blood
that these mosquitoes hold. After bringing back the
mosquitoes, I ask someone to assist me with the things
I can’t do myself such as removing the animal blood
from the mosquitoes and extracting DNA from the
blood. By obtaining the DNA base sequence from the
blood and checking this against similar base sequences,
we are able to identify the species of animal from which

an individual mosquito has sucked blood.

Here, from the data obtained in Izumo you can see a
lineup of the animal species we found to have been
the sources of the blood taken from the mosquitoes
analyzed. Here are the species of mosquitoes. Here,
surrounded by a thin green line are the birds which
include great egrets, cattle egrets and intermediate
egrets. These mosquitoes were taken from a heron
mountain so there were a lot of heron and egret

samples but we also found some sparrow blood. Here
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we have some mammal blood samples including blood
from raccoon dogs and Japanese sika deer, which
doubtless live in the area, as well as from mice, etc.
Then there were frogs, such as tree frogs. And here at

the bottom we have grass lizards.

As you can see, mosquitoes suck the blood of many
kinds of animals ranging from birds to reptiles. Here,
I have also split the mosquitoes into several groups.
The red group is the group that feeds on frogs. This
kind of mosquito is the most familiar one to most of
us here today. It’s the kind that buzzes in your ear
during the night and wakes you up with an itchy
mosquito bite. The mosquitoes that have this red part
here mostly feed on birds. This group has a strong
preference for bird blood. The next group is known as
the striped mosquitoes. In Japan, when we go out in
the summertime and sit on a shady bench in the park,
we are likely to be bitten by a mosquito in no time.
The mosquitoes lying in wait for us are the striped
mosquitoes. As a group, they limit their blood-sucking
activities to mammals in almost all cases. This next
one is of the species Uranotaenia novobscura, known
in Japan as “chibi ka” meaning “small mosquito”. And
indeed they are about twice as small as most other
mosquitoes. They are particularly fond of feeding on
frogs. The reason I was able to capture quite a lot of
this particular mosquito species at this heron mountain
was, as you might expect, because they came there to
feed on the frogs. This next type is vary rare, but there
are also mosquitoes that suck the blood of snakes,

lizards, etc.

Many mosquitoes of the genus Culex, known as house
mosquitoes, are extremely fond of birds and also feed
partially on humans and other mammals. Moreover,
there are species that feed almost exclusively on
mammals, and, similar to Uranotaenia novobscura,
there are species that like feeding on frogs, although
they also drink the blood of mammals occasionally.
And then, there are more adventurous eaters that like
to feast on the blood of reptiles and amphibians. So
all in all, there are different mosquitoes that follow a
wide range of blood sucking patterns depending on the

species or group to which they belong.
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Despite all this variety, basically all the different
mosquito species have a lot in common. First of all,
if we consider how their so-called blood sucking
patterns are decided we find that these patterns are
determined by genetic factors. It turns out that house
mosquitoes have the strongest disposition to suck the
blood of birds while striped mosquitoes have a strong
disposition to suck the blood of mammals. In this sense,

their behavior is genetically determined.

However, that isn’'t the end of the story. For example,
on a heron mountain, where there are lots of herons
and egrets, it is clear that the mosquitoes will tend to
suck the blood of these birds. Where there are herons,
the mosquitoes nearby will try to drink their blood
and where there are no herons, the local mosquitoes
will try to drink the blood of other animals. If there are
no birds, they will feed on mammals such as raccoon
dogs or on other animals, depending on which species
are present and in what ratio to each other. Also,
some mosquito species prefer to feed at night and
others prefer to feed during the daytime. Generally, in
my understanding, the overall balance of biological,
behavioral and genetic factors determines the blood-
sucking pattern. In particular, whether or not it is
easy to suck the blood of a particular kind of host is
determined by ecological factors. For instance, it is
easier to suck the blood of animals that do not move

around at night.

Looked at in this way, the heron mountain results I
outlined earlier can be much better understood. This
slide is very difficult to understand, but let’s take a
quick look at it. Up to now I've been talking about
mosquitoes, but now I'd like to talk a little about the
diseases that are transmitted by mosquitoes. And then,
to finish up, I will talk about how mosquitoes spread

these diseases among groups of animals.

Mosquitoes act as vectors in transmitting a variety of
pathogens. Among the diseases spread by mosquitoes
that infect humans are malaria, dengue fever and
Japanese encephalitis. As for animal diseases,

mosquitoes carry avian malaria, simian malaria,



canine filariasis, etc. The mosquitoes’ capacity to
spread infectious diseases is determined by a number
of properties. The first of these is their affinity with
the pathogen in question, although not all species of
mosquitoes can transmit disease. For instance, Culex
tritaeniorhynchus is the most proficient mosquito at
transmitting Japanese encephalitis. This is because
the Japanese encephalitis virus does not propagate in
the bodies of other mosquito species. So the capacity
to spread infection is partially dependant on the
compatibility between the host mosquito and the

pathogen it carries.

And then, in the first place, there is the question of
what kinds of animals a given species of mosquito
prefers to feed on. Another important property is the
lifespan of individuals of a given species. And lastly,
there is the question of how many intervals of the
species are produced. Ultimately, the capacity of a
group of mosquitoes to spread disease depends on the

cumulative effect all of these properties.

Today, I am particularly interested in two things,
namely, ‘affinity for pathogens’ and ‘blood-sucking
preference’. These two things determine the
combination of vectors - the mosquitoes that carry
infections - and the animals that become the hosts for
the particular pathogens carried. So this is the most

interesting part for me.

This slide may also be a little difficult to understand.
The uppermost part of the slide shows a mosquito’s
body cut in half longitudinally. Here is the head, this
is the thorax, or chest, and here is the abdomen. The
wings would be about here and the legs would be here,

but these have been removed.

First, if we talk about malaria, for instance, whether it
is simian malaria or human malaria or whatever, when
a mosquito ingests the blood of an animal infected with
malaria, the blood goes into a part of their abdomen
known as the midgut. After that, the malaria pathogens
in the blood form lump-like swellings called oocysts
on the outside of the midgut. The pathogens develop

into a form known as sporozolites inside the oocysts

until they eventually burst out in the form of worm-
like vermicules. In this form, the sporozolites enter the
mosquitoes’ salivary glands. Then, when an infected
mosquito sucks the blood of another animal, the
sporozolites are transferred inside the animal along

with the saliva. This is how malaria is spread.

As is written here, when a mosquito sucks the blood
of an infected animal, it takes about 12 days for the
sporozolites to enter the salivary glands. So until
this amount of time has passed, the mosquito cannot
propagate malaria. In this respect, the lifespan of the

mosquito is very important.

Next, I would like to talk about how mosquitoes spread
malaria among groups of animals, and my talk will
cover basically the same subject as the dilution effect

that Prof. Murata explained at the beginning.

For infectious diseases, groups of animals usually
include those who become hosts for the pathogens
and those that do not become hosts. Or in other words
those that do not become infected with the disease in
question. Mosquitoes pick up pathogens from infected
host animals and transmit them to other animals when
they bite with the result that the disease is spread or
“amplified”. This is known as the ‘amplifier concept’. In
short, a relationship exists between the mosquitoes and

their hosts moderated by the activity of blood sucking.

As for animals that do not become hosts, for instance,
if a mosquito carrying avian malaria bites an animal
that cannot be infected with this pathogen, the disease
will not be spread and so this will not aid the pathogen’
s propagation. The more often this happens, the more

the transmission of the disease will be diluted.

Ultimately, this balance determines whether or not
an epidemic will occur. If the mosquitoes come into
contact with large numbers of animals that can serve
as hosts, the amplification effect causes an epidemic to
spread. On the other hand, if the dilution effect is larger,
then the scale of epidemic will be limited. Unlike ticks,
mosquitoes are good at choosing their hosts, and so the

mosquito blood-sucking pattern is very important for
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determining the balance of whether or not an epidemic

will continue to spread.

Now, I would like to share with you some data taken
from an article on simian malaria that was written
over 50 years ago. As Prof. Huffman explained earlier,
simian malaria has recently become a major problem in
South East Asia, and half a century ago similar research
was carried out on this disease. Here in a forest, on
the branches of larger trees, platforms were set up in
various locations with cages on them with monkeys
placed inside. The mosquitoes that came to suck their
blood were then captured. This research was conducted
in 2007, but exactly the same kind of research was
carried out 50 years ago. In some cases, humans sat in

the cages to attract mosquitoes.

[ really like this data. These mosquito species were
captured in a coastal mangrove forest. Using the same
method the researchers captured mosquitoes from
the lowland swamp behind the mangrove forest, and
from the hill country behind the swamp. Naturally,
the mosquito species they found in these differing
places were different. The problem was that there were
spherical oocysts on the outside of the mosquito midgut
and there were sporozolites in their salivary glands.

This was what the data indicated.

We know that this part marked in red refers to simian
malaria parasites. As the data shows, it means that
the species of mosquitoes that were captured coming
to bite the monkeys were carrying simian malaria.
As I explained earlier, there is a connection between
this and the “amplification” of malaria. What the
green part shows is that, as the researchers worked
hard to establish, these chevrotains, or mouse deer,
become infected with this type of malaria. I don't really
understand this blue part very well. But at the time,
and even now, we are unable to classify all the things
that emerge from the bodies of mosquitoes merely by
their shape. Even so, from the shape of this one, I can
tell that it is certainly not simian malaria. And looking
at this one, I would guess it to be avian malaria. This
means that, although these mosquitoes came to feed

on monkeys, the malaria parasites they carried were
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totally unrelated to monkeys. So this contact between
mosquitoes and monkeys was an example of a full

dilution effect.

With regard to simian malaria, we know the following
things. We conduct research into avian malaria,
and when avian malaria comes up as a subject of
conversation, we can't avoid the feeling that this disease
is happening in places where people have totally
different lifestyles to Japan, such as South East Asia and
Africa. But even so, when [ was actually researching
avian malaria, I found very similar stories. I would like

to talk a little about this to close my talk.

This is a park in Tokyo where I conduct surveys. It is
a rather large park. There are lots of trees growing,
and I am always capturing mosquitoes in this area.
In places where this sort of vegetation grows I can
capture mosquitoes by sweeping a net about. The place
may be in urban Tokyo but I am still able to find 11
species of mosquito here. This is a red house mosquito
(Culex pipiens pallens) and this part surrounded in red
is the blood sucking part. My analysis was centered on

individual red house mosquitoes that had sucked blood.

My analysis found that between 3% and 5% of the
mosquitoes that had not sucked blood were carriers
of avian malaria. In the case of mosquitoes that had
sucked blood, an analysis of the abdomen revealed
that 18.6% were carrying avian malaria, while about
3% seemed to be carrying it in their chest or salivary
glands. So out of every 100 of these mosquitoes, we

can be sure that several are carriers of avian malaria.

This is a survey of the animals on which the mosquitoes
[ captured had been feeding. Those surrounded by the
dotted lines are all birds. There was only one human
blood sample, meaning that out of the 220 mosquitoes
surveyed, only one had bitten a human. The above
three species, namely jungle crow, sparrow, and great
tit, accounted for 83.4% of the samples obtained.
This part in red shows the numbers of avian malaria
samples obtained. The ratios were 29%, 21% and 40%,
respectively. So in all probability, these three species

of birds can be considered as host species for avian



malaria in Tokyo. I think that under this situation, the
fact that so many mosquitoes feed on these host birds
creates a great many contact points for amplifying the
spread of avian malaria and gives little opportunity for

dilution effects to operate.

Actually, the species of mosquitoes that feed on birds
change according to the season. For instance, the
numbers of mosquitoes that feed on crows are low in
May but increase gradually through June, July and
August. And in line with this increase in numbers, the
ratio of mosquitoes carrying avian malaria parasites

also changes.

This chart shows data on various species of birds. We
looked at three species - crows, sparrows and great
tits. The vertical axis shows the risk of avian malaria
infection for each species. For the sparrows, marked
with a white circle, the risk of becoming infected with
avian malaria from a mosquito bite is high at the start
but becomes lower in the summertime. The great tits
tend to be bitten little by little throughout the period
but there is no particular time when lots of great
tits are being bitten. So the risk of this species being
infected with avian malaria, while present, is very
low. In the case of the crows, which have the biggest
problem, as the summer progresses through June,
July and August, the mosquitoes come to feed almost
exclusively on crows. Therefore the risk of these birds
contracting avian malaria is very high. In the course of
our research, we found out that another such high risk

period occurs around October.

Put more simply, when we examined the red house
mosquitoes captured at the park, we found evidence
of blood from avian malaria host bird species such as
crows, sparrows and great tits, and also of non-host
bird species. In this case, a single mediator species and
several host species are involved. When mosquitoes
feed more on non-host species, we can expect the
dilution effect to be favored, but when they feed more
on host species we can expect to see the amplification
effect happening. In this way, the overall propagation
ratio of pathogens is influenced by how many host and

non-host animals are available to the mosquitoes.

Moreover, in the survey area there were other animals
besides birds and other mosquitoes than the species
surveyed. We had to limit the species of mosquitoes in
the survey, and so we chose those species that fed most
often on birds. These included the red house mosquito
that I have been discussing. On this occasion we also
surveyed a member of the striped mosquito family,
but we found that these mostly sucked the blood of
mammals. Although on this occasion we targeted avian
malaria, if we understand the conditions under which
avian malaria is sustained in more detail, we will have a
better idea about how this disease, which is transmitted

to wild animals by mosquitoes, is able to exist.
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Mites Talk about Biodiversity - Ecological Significance of Evolutionarily

Significant Units in Parasites.

MATBGEN ENBRRMIOT RAEYMIZE T — L - BfE &
Koichi GOKA, PhD, Invasive Alien Species Research Team

National Institute for Environmental Studies

Hello everybody. I am Koichi Goka of the National

Institute for Environmental Studies.

First of all, I must apologize in advance to those of
you listening in English because I was late presenting
my slides and the script of my speech is too long. This
means [ will have to speak so fast that the simultaneous
interpreters may not be able keep up. So please read

my English subtitles where they appear.

Also, as I have a great many slides please regard my

presentation as if it was an animation.

At the request of Prof. Murata I am going to talk about
mites and ticks which are my specialty subject. In
particular, I intend to focus on biodiversity as seen
through the study of mites. At the same time, I'd like
to explain in an autobiographical manner about why I

turned towards the study of mites and why I love them.

In today’s workshop we have been hearing about
various kinds of parasites, including mites. Parasites are
organisms that have existed almost since the beginning
of life on Earth. Ever since that time they have evolved
together with the rest of the biosphere. Parasites
attach themselves to other living things in order to
live and, as you are probably aware, there is a theory
that they played a role in the development of sexual
reproduction. Many organisms have male and female
individuals and reproduction between two sexes is the

most common way in which reproduction takes place.
Many kinds of living creatures, from primitive

organisms such as insects and plants to human beings,

exist as male or female, as this slide illustrates.
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As I mentioned just now, parasites played a major role
in the evolution of sex according to an idea known as
“the Red Queen’ hypothesis”. One of many current ideas
concerning evolution, the hypothesis takes its name
from the character in Lewis Carroll's second “Alice”
book, Through the Looking-Glass, and What Alice Found
There. In the story, the Red Queen says, "It takes all the
running you can do, to keep in the same place." Here
the Red Queen is used as a metaphor for the idea that
species, individuals and genes have to keep evolving if
they are to survive. In order for multicellular species
to keep warding off continual attacks by viruses, the
species needs to be equipped with sufficient variation
at the genetic level. Clearly, there is a difference in the
tempo at which evolution can take place in viruses and
in multicellular organisms consisting of an enormous
number of cells. So if multicellular organisms were to
counter the attacks of viruses by means of ordinary
mutation alone, they would never be able to win
the evolutionary battle. Instead, they have evolved
as a result of gene exchanges and the creation of
new genotypes through sexual reproduction. This
hypothesis is one of several that attempts to account

for the evolution of sexual reproduction.

Parasites have various ways of making a living. For
example, some kinds of organisms parasitize higher
order organisms, while others practice kleptoparasitism.
This is a photograph of a Great Reed Warbler
(Acrocephalus arundinaceus) feeding a Common
Cuckoo (Cuculus canorus) chick in an example of what
is known as “brood parasitism”. When we consider that
parasitism itself is always associated with the evolution
of organisms, and that some parasitic species exist

inside almost all species of living things, parasites can



therefore be said to play a major role in promoting

biodiversity.

When we think about it, we human beings are living as
the biggest parasitic organisms on the Earth, and our
style of parasitism creates numerous problems. But at
the same time, parasitic organisms have very important
functions within the ecosystem. As two other lecturers
noted earlier, in a sense parasites play very important
roles, and while they are universally disliked, we also
have to recognize that their roles make them very

precious organisms.

From this point on I am going to talk about mites.

My specialty is acarology (the study of mites and
ticks), and although I am involved in a variety of work
concerning the preservation of biodiversity, the things
I actually like most are mites. Actually, there is an
organization called the Acarological Society of Japan.
And although the study of acarology is not very well
known, there is also an International Congress of
Acarology, which is held every four years. Two years
ago, | attended the International Congress of Acarology
held in Brazil where, for an entire week I took part in
happy and harmonious conversations with acarologists
from around the world about mites and nothing but

mites.

Now, what kind of creatures are mites? Since many of
you here today are specialists perhaps I don't need to
explain, but many members of the general public are
confused that mites are insects. In fact, mites are not
insects. The mite body is very simple. It consists of only
one section to which the limbs and mouth are directly

attached.

The insect body is separated into three sections,
the head, thorax and abdomen, with six legs and
up to four wings attached to the thorax. That’s the
insect archetype. So insects have a far more complex
structure than mites do. Like spiders, mites have eight
legs. But the spider body is divided into two sections,
cephalothorax and abdomen, so spiders also have a

more complex structure than mites do.

However, even though mites have very simple bodies,
these animals are distributed everywhere on Earth.
Also, the life histories and food sources of different
species of mites are amazingly varied, and the total
number of mite species is enormous. There are around
50,000 known species recorded at present, and it
has been estimated that there may be up to a million

species of mites all told.

Mite habits also vary widely. For example, some
species even live in the ocean. In this respect, mites
have gone farther than insects as no insects live in the
sea. Mites can inhabit both salt water and freshwater
environments where they engage in eating plants
and in sucking the blood of animals. Also, there are
predatory mites that eat other mites and there are
scavenger mites. There are many varieties of mites in
the soil which break down organic matter and convert
it to inorganic matter which helps create a rich soil. In
these and other ways, mites are organisms that carry
out a wide range of functions and help to support

biodiversity.

Hearing such a story, you might very well be thinking
that however important mites may be as an element
in the web of life, as a human being you don't like
them personally. You may wish also that mites were
organisms that did not concern human life at all.
However, mites of the species Demodex folliculorum
are in all probability living happily on your face. As a
matter of fact, almost 80% of Japanese people are hosts
to this species. Of course, newborn babies don't have
these mites to begin with but when a mother rubs her
cheek against her baby’s face, the mites are transferred.
In this way, every human family has its own mites that
are passed down the generations. So please bear in
mind that mites are an excellent part of biodiversity as

a whole.

Now I will proceed with my own story. I will explain
about why I started to research the subject of mites in
the first place. When I was a student in the Department
of Agriculture at Kyoto University, I chose spider
mites as my research subject. These are a family of

herbivorous mites that parasitize plant leaves. From the
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human standpoint spider mites are a terrible problem
because they get onto various plants and suck the
juices from the leaves. They eventually kill the plants
and cause major problems as a worldwide agricultural

pest.

Regarding their living environment spider mites begin
life as eggs and go through several stages before
reaching the adult stage. They exist as males and
females and reproduce sexually. Mating between males
and females is effective only one time. When a female
engages in mating, her semen tank becomes full with
the result that subsequent mating is ineffective. So
for males, the obtaining of virgin females is a very
important breeding strategy. In view of this, the kind
of behavior spider mites have evolved includes pre-
mating guard behavior. The male climbs onto a female
pupa before the adult stage and guards it. Then, as the
female starts to cast off the chrysalis, the male helps
out, and then performs mating immediately. This is the

spider mite’s reproductive strategy.

Given this state of affairs, virgin females are a very
precious asset for the males. If another male comes
along, the result is a fight. Two males will enter into
a violent combat that involves fencing using their
stylet-like mouthparts. (These mouthparts are usually
employed to suck the juices out of plants). Often the
fight continues until one kills the other and while they
are engaged in this battle, a third male may come along
and mate with the virgin female. This kind of thing

occurs quite often.

In my student days, there was a laboratory class during
which we could observe these things taking place
through a microscope. I first got into mite research
when I saw these things. I was very impressed that mite
ecology was so graphically revealing of the meaning of

reproduction.

There was another experiment in which we observed
what happens when one male is placed alone in a place
where there are many virgin females. The point of this
was to test the male mites’ reproductive capabilities.

Results showed that the more that virgin females are

DR BN HICESDT HR7 IV 7 ERERE 2012

available, the more mating the male will perform. Given
the opportunity, a male will keep mating whenever and
wherever it can until the point where it almost dies of
exhaustion. I totally got into mites as living organisms
that embody the male’s fate as it is. | earned a master’
s degree and a PhD by studying mites and after that
went to work for a pesticides manufacture where I was

involved in developing miticides.

At that time too, in the battle between mites and
miticides, we found that no matter how many types
of miticide we produced, they would soon lose their
effectiveness. We investigated many things related
to spider mites including their DNA and came to the
conclusion that spider mites encompass a huge range
of diversity and that they maintain their resistance by
continuously evolving. From this, I realized more clearly
how important biodiversity is. In any case, the miticides
we developed didn't sell well, and the company where I
was working declined. So I left that company and joined
the research institute where I am employed now taking

up work on the preservation of biodiversity.

My initial research work at the institute was on the
subject of alien species control, and I am still mainly
involved in this work. The first alien species I worked
on was the Buff-tailed Bumblebee (Bonbus terrestris),

which was imported to Japan from Europe.

This species of bee has been bred commercially for use
in pollinating tomatoes and other crops in greenhouses.
A species native to Europe, the Buff-tailed Bumblebee
has been imported to Japan in large numbers. As you
can see, the beehives are installed in greenhouses in
this way, and the bees fly around carrying pollen and
carrying out the pollination tasks that previously had
to be performed by the farmers themselves, while
significantly improving the tomatoes’ productivity in

the process.

However, some of these bees of European origin
escaped from the greenhouses and began to live in the
wild as an alien species, which had a very bad effect
on the native Japanese Bumblebee (Bombus hypocrita

sapporoensis). Because of this, use of the Buff-tailed



Bumblebee is now strictly regulated by the Ministry
of the Environment to ensure that individuals of this

species do not escape from greenhouses.

While I was carrying out this ecological risk evaluation
I thought that, in importing the beehives from Europe,
they must have also brought in some strange parasites.
So I looked for parasitic mites and detected the
presence of an endoparasitic mite species called the
Tracheal Mite (Locustacarus buchneri) on the bodies of
these bees. Then I surveyed how widely these mites had

been introduced into Japan.

However, I discovered that the Japanese Bumblebee
also carries this same endoparasitic mite. As a result
of analyzing the mites’ DNA, I ascertained that the
Japanese and European forms have different DNA,
which means that these mites also exhibit local

endemism.

While conducting this research, I have paid particular
attention to parasite co-evolution. Originally parasites
and their hosts evolve in a kill-or-be-killed relationship,
but when they continue in this over a long period, they
eventually become tired out. Then they move to the next
step, which is a symbiotic relationship. For example,
the power of viruses becomes attenuated because their
hosts are able to use their immune systems to control
the viruses to a certain extent. Accordingly, symbiotic
relationships represent the evolutionary end point of

the battle between parasites and hosts.

What this means is that, in order to prevent pandemics
and limit the disease damage that may be caused by
various parasites in future, it is important to know
the preexisting evolutionary histories of hosts and
parasites. In other words, it is important to know
where the original parasite evolved and where it lives.
So in the case of the Tracheal Mite, I tried to find out
about its origin and how it has evolved up to now by
gathering bumblebees and the mites that parasitize

them from all over the world.

I checked the DNA of each of the types of organism I

found. A convenient point about molecular phylogenetic

analysis is that it allows us to guess at once the
effective evolutionary times of organisms such as
different mites and bees, which may be very different
morphologically and taxonomically, because they have
some similar genes. This method is beneficial in that
we can get to know the effective evolutionary times
of species by studying the genes that control identical
characters in different species and calibration can be
performed by means of the molecular clock method.
Using this method, I located the region governing
the assembly of the enzyme cytochrome c oxidase
in the mitochondrial DNA of both mites and bees. By
searching and analyzing the genes in this region I was

able to construct an evolutionary tree for each species.

In this way, I was able to show that the evolutionary
trees of both species were almost exactly the same
shape. You can see that, in the case of the bees, there
is a clear separation and differentiation between the
bees of Eurasia and Asia on the one hand and those
of America on the other. The evolutionary tree of the
mites has an awkward shape as you can see. In short,
the shapes of the trees of the two species do not
match. What this means is that we can surmise that
the bees and the mites did not evolve in the same way.
In particular, we know that, compared with the Asian
and Eurasian bees which have undergone a great deal
of genetic differentiation, the mites that parasitize
these bees exhibit only a very slight degree of genetic

differentiation.

On the other hand, you can see that in America, the
mites are parasitic on only one species of bee that
has no mitochondrial DNA variation, but the mites

themselves display very active genetic differentiation.

From the standpoint of diversity, in the case of Asia and
Eurasia, the basic diversity index of the host bees is
0.04 while that of the parasitic mites is an order below
that at only 0.005. On the other hand, in the case of
America, the basic diversity index of the host bees is
zero while that of the parasitic mites is 0.05, which is
the reverse of the Asian and Eurasian situation. What
this means is that these mites and bees have undergone

different evolutionary processes and their origins are
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also different.

Basically, a lot of evolutionary research has been carried
out on the bees. They are considered to have originated
in the central region of Asia and then rapidly expanded.
As for the mites, from their present mitochondrial
DNA tree, they are considered to have originated in
America and, after spreading across that continent, they

switched their hosts to bees and travelled to Eurasia.

In America this mite is parasitic on locusts so we can
suppose that in some way it must have switched hosts
to bees and then newly evolved into its present form of

Locustacarus buchneri.

When a parasite switches hosts we often focus on the
point that introduced alien species usually have a bad
influence on native species. But actually, when alien
species enter Japan, Japanese parasites also transfer to
these alien species and begin evolving into new forms,
and Japanese parasites are also capable of generating

pandemics on occasion.

An example of this is a Japanese mite that has
explosively parasitized alien bees despite the fact that
this mite does not parasitize native bees very much. So
parasites can utilize different strategies for living and,
in many instances, they can more easily parasitize hosts

that they have not co-evolved with.

After mites and bees, I turned next to stag beetles.
Individuals of alien species in this family are imported
into Japan in large numbers for commercial purposes,
and their introduction has created problems. In Japan
alone, there are many species of stag beetles, and
throughout Asia the amount of speciation is greater still.
The beetles shown here are all of different subspecies
of a species called the Giant Stag Beetle (Dorcus
titanus), which is distributed in Japan and across Asia.
In order to know how much genetic diversity this
species possesses, I made an evolutionary tree using
mitochondrial DNA. As a result, I discovered that this
single species encompassed a huge amount of genetic
diversity. This one species exhibits clear differentiation

in each region and each island throughout its range.
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When we examine this in more detail, we find that it is
differentiated into the ‘big blue’ family in the northern
part and the ‘big red’ family in the southern part of its
range, and at the root of this tree is the ancestor of all
the subspecies of Giant Stag Beetle that exist today. In
fact, the point of differentiation occurred 5.2 million
years ago. Even species of such small insects achieve
genetic differentiation over time by spreading out their
ranges, and in the case of the Giant Stag Beetle this
has created subspecies with a history spanning more
than 5 million years. We call such a population an
evolutionarily significant unit (ESU). In the near future,
we will no longer be able to classify organisms merely
as species, but we must also handle them as units in
which we consider the evolutionary history of each

genotype and its weight.

This next story concerns conservation. Again, I am
going to turn my attention to mites. This time, I would
like to talk about mites that parasitize beetles. There is
a genus of mites called Coleopterophagus that live by
attaching themselves thickly to the backs of beetles. I
m sure that people who keep beetles have seen these
mites. Many beetle lovers hate them and brush them
off the backs of their pet beetles with considerable
enthusiasm. Because so many of these mites attach
themselves to the back of a single beetle, the beetle
looks poorly, which is why the common Japanese name
of this mite is the ‘kuwagatanakase’, which literally

translated into English means “beetle’s bane”.

However, these mites are merely scavengers. They are
cleaners that eat the fungus that grows on the stag
beetle’s back or any waste matter that gets attached.
So actually, these are very good mites as far as the
beetles are concerned. For this reason, I would advise
people who keep these beetles not to remove the
mites. Moreover, the kuwagatanakase can only live on
the backs of stag beetles. They would die even if they
were placed on some other insect or given double the
amount of waste to eat. For this reason, it is considered
that the stag beetles and the mites that live on their

backs have co-evolved.

This is a close up of one of these mites. The photo will



appeal strongly to mite lovers, but if you hate mites you

probably won't be able to stand it.

I love mites more than beetles, so I want to know about
the evolution of mites. Actually, these kuwagatanakase
mites are not only found on Japanese stag beetles.
They also live on stag beetles all over Asia. I performed
a search of the beetles’ DNA and, along the way, I
also took a great deal of interest in the sort of trivia
that only an acarologist would care about. I refer to
things such as the amount of genetic diversity within
the genus Coleopterophagus, the evolutionary history
between the beetles and the mites, and place from
where the kuwagatanakase mites originally came. In
order to find out as much as I could I collected stag
beetles from all over Asia and the mites attached to
their backs as well. Using the information in their DNA
I built up an evolutionary tree. This is a mitochondrial
evolutionary tree of the stag beetle species living in
Asia including the Giant Stag Beetle. Since the tree is so
large, you can'’t read the writing on this slide, but please

don’t worry about that.

In order to complete this evolutionary tree, I had to read
approximately 2,000 bases. From this evolutionary tree,
we can see that the host species has a huge amount
of genetic diversity. And here is the evolutionary tree
of the mites that live on these beetles. Somewhat
surprisingly, this species’ genetic differentiation has
also progressed to a great extent. Moreover, if we try to
link up the relationship between the host and parasite,

we can obtain a one-to-one relationship like this.

This means that the mites have not simply been drifting
in their evolution and their mode of living. They have
walked and lived together with their beetle hosts along
an evolutionary history that stretches back for over
12 million years. The fact that different populations of
these two species have been evolving together for such
long time also indicates that these small mites also exist

as evolutionarily significant units.

This is a computer graphic image of a Tracheal Mite.
I do computer graphics as a hobby and I'm proud to

say that this image is one of my own efforts. When [

have an opportunity to talk about mites, I purposefully
put in a slide like this in an effort to educate people as
to the splendor and beauty of mites. However, these
efforts often come to grief as the bigger I make the
slides, the more people say they feel sick. When I drew
this image, I thought it was well done, so I sent it to
the publisher of an international acarology journal
in the United States and they used it on one of their
cover pages. The publisher was very impressed with
the image and assumed I was an artist. He invited me
as an artist to attend the journal’s 60th anniversary
party and requested that I bring the original image
with me. I felt frustrated that [ wasn’t recognized as an
acarologist, so I told the publisher, “I am not an artist,
I'm an acarologist!” and sent them one of my papers.
They replied, “Never mind your paper! Just send your
picture.” Since the party was being held in Ohio and
it was too much bother for me to travel there, in the
end I sent the picture after all. This made the publisher
very happy, and they turned it into a memorial postage
stamp. So if you are in the United States, please look
out for a memorial postage stamp with a mite pattern

and buy it.

Another thing, when the COP 10 conference on
biodiversity was held the year before last, the Emperor
and Empress visited our research institute and I was
one of the people guiding them around. At that time, |
put a lot of pictures on the wall. The Empress showed
interest and asked me what they were. I'm sure that
up until then she hadn’t seen any big pictures of mites.
From that point, I became a bit hyperactive. I stopped
talking about the institute and about biodiversity
and instead I talked about mites for ten minutes. The
Emperor and Empress seemed very impressed and they
took one of the pictures back to the Imperial Palace
with them. This became a historical monument as
the first picture of a mite to be taken into an Imperial

residence.

Recently I appeared on TV, where I had photos of
myself taken with many entertainers. Among them,
Shokotan (Shoko Nakagawa) took the most interest in
mites. I told her a lot about how mites couple, and she

responded that she would like to see mites coupling. So
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I devoted all my time over Golden Week to completing
a computer graphic image of two mites coupling. This
is that picture. The larger mite is the female, and the
other one, which is holding up its bottom, is the male.
They take a very unusual sexual position. I gave this
picture to Shokotan and she was very happy with it.
Moreover, when former Environment Minister Ryu
Matsumoto visited our institute, I also presented the
same image to him, explaining, “This is a picture of two
mites coupling.” He casually brought it back with him,
but he actually had it put up on the wall of his office.
Since he later resigned in controversial circumstances,

this is now a sad memory for me.

I've wandered off the subject, but to come back to point
I wanted to make, even mites exhibit endemism and
diversity. These days, however, with problems such
as globalization and the introduction of alien species,
the endemism and diversity of mites is in a critical

situation.

This is a spider mite. These mites are agricultural pests.
I myself researched this both in my student days and
when I was working for the pesticide manufacturer.
Spider mites also exhibit endemism and diversity, and
this is also in a critical situation. As an example, this
Two-spotted Spider Mite (Tetranychus urticae) is one
of the many spider mite species and it is a serious
agricultural pest on a worldwide scale. This species
comes in two color varieties—a red variety and a green
variety. This is a rare intra-species variation, which is
considered to be part of an on-going process of genetic
speciation. Accordingly, I have taken an interest in this
process and tried to study the degree of differentiation
of the intra-species variation. And to do this [ have
collected red and green mites from all over Japan and

Europe and analyzed their DNA.

As a result, [ was able to construct this evolutionary
tree, and from it I found that the green mites became
differentiated from the red mites, perhaps through
pigment decolorization. Here, I would like to draw
your attention to the fact that the red mites’ genetic
differentiation is unusually active even within Japan.

Indeed, this differentiation has progressed almost to
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the species level. What has caused this? I thought it
was curious that such extensive genetic exchange was
taking place in such a limited region as Japan. So |
studied those individuals for which differentiation was
particularly pronounced, and ascertained that they

were all parasitic on carnations.

As these mites are specifically parasitizing carnations,
it would be quite reasonable if they were genetically
homogeneous. So why was there this much genetic
variation among them? I studied this question and
found out that most carnations are not grown in Japan
but are cultivated abroad and imported and sold as cut
flowers. These carnations are grown in many countries,
and Two-spotted Spider Mites live in all of these
countries. That’s the reason why there is now so much
genetic diversification among the Two-spotted Spider

Mites that live in Japan.

In fact, I interviewed carnation farmers asking them
where they purchased their carnations, and found that
they imported them from many countries as shown
here. Moreover, almost all the mites that exhibit genetic
differentiation are of foreign origin. Clearly these mites

were brought into Japan from overseas.

An even more troublesome thing is that because these
mites are pests, their drug sensitivities differ from those
of ordinary spider mites. When exposed to miticide,
since the green type mites are very similar genetically,
they all die straight away, and most of the red type
monophyletic mites, which are the main variety in

Japan, also die.

However, such miticides are totally ineffective against
the spider mites that have been imported from abroad
because these mites had sufficient genetic resistance
to the miticide from the beginning. When this much
genetic variation is so widely distributed within a
group, there must be some mites that have resistance,

and these survive and breed.

Since these mites are pests, they should have been
prevented from entering the country by means of plant

quarantine in the first place. So I investigated why so



many things (that should have been incinerated) were
allowed to come into Japan. Now, the World Trade
Organization is aiming for global free trade and a part
of that effort is the Trans-Pacific Partnership (TPP). This
organization, which promotes free trade, is promoting

agricultural pests as well.

Originally, the Two-spotted Spider Mite was on the
list of species for which importation into Japan was
prohibited. However, in 2004, they were found on
apples imported from the United States and the apples
were incinerated. This provoked an angry response
from the US side, which sued Japan through the WTO.
The US argument was that since the Two-spotted Spider
Mite already existed in Japan it was unreasonable to
quarantine imports from the US on the grounds that
they harbored the mites. Japan lost this case and as a
result, was forced to abolish the quarantine measures
for the Two-spotted Spider Mite, allowing this species

to be imported freely into the country.

This is a very inconsistent approach. As I explained
earlier, perhaps these mites do look the same but
they have very different genes and their sensitivity to
drugs also varies widely. Now they are freely imported.
And although most of us are unaware of the fact, the
liberalization of agricultural pest species has been

proceeding apace.

The Plant Protection Act was finally revised in the
spring of last year. Under the revised law, Japan has
moved from a ‘white list’ system to a ‘black list’ system.
Under the white list system, the importation of all pests
that damage plants was banned in principle. Only those
species of insects, etc., that were on the white list (such
as stag beetles and unicorn beetles) were considered
safe to import. The white list was a very strict
regulation. By contrast, the black list system operates
on the principle that all species can be imported unless
they have been examined and specifically placed on
the black list. So only those species considered to
constitute a risk are prohibited from being brought into
the country. Any species not on the black list can be
freely imported. This is the same system as specified

by the Alien Species Act. A consequence of the change

to the black list system is that the release ratio of
agricultural pests has become higher. Since only those
species deemed to present a risk are listed, almost
all agricultural and forestry pests can now be freely

imported.

The TPP, which has become a major subject of talk,
presents us with the same situation. One government
minister has described the TPP as the ‘third opening
of the country’. Whenever the country is opened the
number of alien species increases. So if we think about
protecting biodiversity in a true sense, in future, we
should pay a lot of attention to this TPP argument from

the ecological science and animal hygiene standpoints.

As a case example, I'd like to talk about a dangerous
mite that is brought into Japan together with imported
living organisms. Up to now I have been talking about
rather mild things unrelated to human health. But
what I'm going to talk about now are ixodid - hard-
bodied ticks - which feed on the blood of animals and
spread various diseases. The most dangerous ones can

transmit zoonoses to humans.

In the current situation, there is concern that with the
large numbers of reptiles being imported into Japan
and with almost all of them taken from the wild, many
kinds of ixodid ticks are being brought in with them.
What is even more troubling is that legal protections
such as guarantees on the safety of imported animals
mandated under the Infectious Disease Law by the
Ministry of Health, Labour and Welfare and animal
quarantine provisions are limited to warm-blooded
animals. Reptiles and amphibians can be brought into
Japan without any guarantees at all. I was concerned
about this so I began a project to study the matter
jointly with Prof. Kawabata of the National Institute of
Infectious Diseases. In the course of this research, as I
had expected, we found ticks of the genus Amblyomma
on turtles and many kinds of mites attached to reptiles

imported into Japan.
Moreover, the number of countries from where

these living things are imported is surprisingly large,

including such widely separated places as Sri Lanka,
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Tanzania, and Suriname. [ wasn't even sure of precisely
where some of the countries of origin were so, due
to this research, I also had an opportunity to study
geography. What especially worried me was that the
mites themselves might be carrying some dangerous
pathogens so I asked the NIID to do some testing. The
results came back positive. We discovered the presence
of the bacterial genus Borrelia which can infect humans
with many diseases. I studied the genetic differentiation
of this genus and produced an evolutionary tree. I
noticed that the genus includes a species that is the
agent for Lyme disease and a species that causes tick-
borne relapsing fever. This information was so complete
that I was able to make use of it in conjunction with
the evolutionary tree. The new Borrelia bacteria we
discovered were not members of either of the above
species. They are a totally new type. This is a very
dangerous situation because nothing is clear including
the pathogenicity and, even more troublingly, no risk
evaluation has been made of these bacteria because it
has not been possible to grow them in isolation up to
now. In view of this I have to say that, under the current
free trade situation, people who want to keep reptiles
as pets need to seriously consider the potential risks

they are taking.

For my own research I previously chose only visible
large alien species. But now I am paying attention to
invisible alien species as well. What set me off in this
direction was a disease called chytridiomycosis, an
infectious disease of amphibians that is often fatal.
Perhaps you have heard of it. Chytridiomycosis is an
emerging disease that has spread worldwide and wiped
out entire species of frogs in some places. It landed
in Japan several years ago and caused considerable
uproar. I dislike frogs but I worked on this theme out of
necessity, and I was shocked by my results. I don’t have
time to go into the details now, but I'd like to tell you

about it when I get an opportunity.

As Prof. Nakamura said at the beginning, the reason
why such emerging diseases that are close to being
zoonoses are being encountered more often now is

because biodiversity is being gradually destroyed.
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Parasites and their hosts establish peaceful and
stable relations after a long period of co-evolution.
Biodiversity is a cradle in which these organisms can
grow and develop together, but it can also serve as a
cradle for pathogens. When human beings destroy this
biodiversity there follows a collapse of evolutionary
history and co-evolution, and in its place, pandemics
occur. Examples of this process at work include SARS
and HIV/AIDS. They have their respective origins in
horseshoe bats in China and in chimpanzees in the
Cameroon, and were living quietly with their hosts. The
reason why they turned into emerging diseases is that
humans destroyed the habitats of the hosts, allowing
the viruses to cross the species barrier. Now the viruses
are desperately evolving in order to survive in their
new hosts, human beings, of which there are about 7
billion individuals at present. They have already arrived

in the urban jungle.

The important thing here is that, in line with the
evolutionary rule that has always been followed until
now, hosts that are infected either die or else they
survive. Those that survive are more likely to pass
on their genes to the next generation. In this way,
succeeding generations have better resistance to the
effects of the virus and the two species gradually enter
into a symbiotic relationship. Today, however, we
attempt to contain dangerous viruses by any means
available including the use of antiviral drugs and
other pharmaceuticals. The result is that the viruses
continue to evolve rapidly in response to the drugs
they are exposed to. This becomes a non-stop fight
between humans and viruses. Only humans break this
evolutionary rule. When we consider the evolutionary
history of viruses there is a high possibility that humans

will lose this fight one day.

So, if we want to stop this fight, it is important for
humans to keep at a distance from biodiversity from
now on. The idea of “natural symbiosis” or “living in
harmony with nature” is often talked about. But this
does not mean it is OK for owners to kiss their pets or
something like that. Humans have evolved as naked
apes who can survive in the concrete jungle so when we

talk about ‘natural symbiosis’ it is important to apply



some kind of zoning between the wild world and the

human world and to properly separate their functions.

In that sense, protecting biodiversity has another
important meaning. It can serve as a means of
preventing the expansion of emerging infectious
diseases. Biodiversity does not exist only to be
applied to beautiful living things. Even parasites are
encompassed within biodiversity. So please extend your

support to the mites and ticks too.

That completes my talk. Thank you very much for

listening.
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