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Biocontrols, defensive symbiosis, and an
unexpected tale of an uneasy alliance

"Biological control is a component of an
integrated pest management strategy. It is
defined as the reduction of pest populations by
natural enemies and typically involves an active
human role.”
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Biocontrols, defensive symbiosis, and an
unexpected tale of an uneasy alliance

“Biological control is a component of an
integrated pest management strategy. It is
defined as the reduction of pest populations by
natural enemies and typically involves an active
human role.”

Wolf spider Wolbachia Aphid parasitoid wasp
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Biocontrols, defensive symbiosis, and an
unexpected tale of an uneasy alliance

Symbiosis:
An organism that lives with(in) another organism in which both gain from the
relationship (mutualistic relationship).

Defensive symbiosis:
One of these organisms gains a level of defence against a disease/pest.
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Biocontrols, defensive symbiosis, and an

unexpected tale of an uneasy alliance

Aphid host

Parasitic wasp

Protective bacteria: Hamiltonella
defensa
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We will use a mathematical analysis to understand the viability of

such a biocontrol in a host population
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Types of defence

Tolerance shields the host from the harmful-effects of the pathogen.
Two forms of tolerance — “Fecundity tolerance” and “mortality tolerance”.

Fecundity tolerance prevents new births with the pathogen, mortality tolerance reduces
virulence.

acuela|o]

Resistance protection is all about making the host more resistant to infection

This may take the form of a reduction in transmission when harbouring the defensive symbiont
compared to without

Resistance



Modelling — a glossary

Phenotype: An observable trait (average height, virulence of pathogen)

Resident phenotype: The trait which sets the environment

Mutant phenotype: The trait trying to invade into an environment (shorter, more virulent)
Fitness: How good is the mutant at establishing into the resident environment?

Selection gradient: Derivative of the fitness (wrt mutant phenotype)

Mutation: A change to the phenotype (i.e. an observable change, average height increases)
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Calculate analytical expressions (fitness and selection gradient)

Adaptive dynamics — key assumptions

@ Mutations are rare (Separation of timescales)

Selection is weak (mutations have small effects)
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Using higher order derivatives of the
invasion fitness, we can determine
the behaviour at singular strategies.

For example:
0w
0Cim)?
X=Xm=Xr
denotes evolutionary stability.

Stability analysis

<0

~N

e

\_

Ecological dynamics

Calculate the steady state number of
individuals using x, as a (resident) trait value
using ODEs. We call this the resident
population, N*.

4 )

Find values for the traits such that

s(x) = 0.These are singular

Singular strategies

strategies and denote potential
evolutionary endpoints.

Modelling

(

similar phenotypically to

~N

Invasion fithess

Calculate the invasion
fitness, w, for arare
mutant, x,,, which is

the resident at steady
state. Calculate the

selection gradient, s:

w = w(x,, x, N),




Modelling

Adaptive dynamics — key points

FDo Do

==Do==0

Incorporates population-level information (Ecological dynamics)

—So =D

ki

+|—
X

Calculate analytical expressions (fitness and selection gradient)

Adaptive dynamics — key assumptions

@ Mutations are rare (Separation of timescales)

Selection is weak (mutations have small effects)



Modelling

Adaptive dynamics — key points

FDo Do

==Do==0

Incorporates population-level information (Ecological dynamics)

—So =D

ki

+|—
X

Calculate analytical expressions (fitness and selection gradient)

Adaptive dynamics — key assumptions

@ Mutations are rare (Separation of timescales)

Selection is weak (mutations have small effects)



Modelling

Adaptive dynamics — key points

FDo Do

==Do==0

Incorporates population-level information (Ecological dynamics)

—So =D

ki

+|—
X

Calculate analytical expressions (fitness and selection gradient)

Adaptive dynamics — key assumptions

@ Mutations are rare (Separation of timescales)

Selection is weak (mutations have small effects)



Modelling

Adaptive dynamics — key points

FDo Do

==Do==0

Incorporates population-level information (Ecological dynamics)

—So =D

ki

+|—
X

Calculate analytical expressions (fitness and selection gradient)

Adaptive dynamics — key assumptions

@ Mutations are rare (Separation of timescales)

Selection is weak (mutations have small effects)



Modelling

Adaptive dynamics — key points

FDo Do

==Do==0

Incorporates population-level information (Ecological dynamics)

—So =D

ki

+|—
X

Calculate analytical expressions (fitness and selection gradient)

Adaptive dynamics — key assumptions

@ Mutations are rare (Separation of timescales)

Selection is weak (mutations have small effects)



Background












Pathogen
registration form

Name:

Subject #796

TBC
Type:

DerFensive SYMBIoNT
Philosophy:

" ProTece or ATTACC, IVE
G0T YouR RACK!”



Pathogen
registration form

Name:

TBC

Type:

Philosophy:

Subject #796

DerFensive SyMaIoNT

" ProTece or ATTACC, INVE
qQOT YouR RACK!™

Pathogen
registration form

Name:
TBC
Type:
PARAS (TE

Philosophy:

Subject #727

! T HAVE A STICK AND
I'M noT AFRAD TO LSE T




b

ap(Bp)

b aB(yrﬁP)

-
Blue: Births

Green: Transmission

Red: Deaths




4 )
Blue: Births

Green: Transmission

Red: Deaths

b ag(y,fp) N /

Evolving parameters

o “Effort” Qj’i Transmissibility
B ye 01 Bp >0

b ap(Bp)




H=v(N)—[b+Bpr(y)(D+B)+pp(P+B)IH+ypD +ypP
D=pBp(y)HD +B) — [b+ap +yp + Bp(P + B)]ID +ypB
P=pBpH(P+B)—[b+ap(Bp) +vp+ LD+ B)IP+ypB

B =Bp(W)P(D+P)+BpD(P+B)—[b+ap+ (1 —y)ap(Bp) +vyp +vplB



H=v(N)=[b+By(»)(D + B) + Bp(P +B)IH +ypD + ypP

D =Bp(Y)H(D +B) —[b+ap+vyp + Bp(P+B)ID +ypB
P=BpH(P+B)—[b+ap(Bp) +vp+ Pp(¥)(D+B)IP+ypB

B =Bpy()P(D + P)+ BpD(P+B) —[b+ ap + (1 —y)ap(Bp) +vp + vp]B

Fitness functions — how well can a mutant invade a resident population?



H=v(N)=[b+By(»)(D + B) + Bp(P +B)IH +ypD + ypP

D =Bp(Y)H(D +B) —[b+ap+vyp + Bp(P+B)ID +ypB
P=BpH(P+B)—[b+ap(Bp) +vp+ Pp(¥)(D+B)IP+ypB

B =Bpy()P(D + P)+ BpD(P+B) —[b+ ap + (1 —y)ap(Bp) +vp + vp]B

Fitness functions — how well can a mutant invade a resident population?
wp (Y™ |y", Bp)

wp (Bp*|y", Bp)



H=v(N)=[b+By(»)(D + B) + Bp(P +B)IH +ypD + ypP
D=Bp(y)HD +B) —[b+ap+vp + Bp(P+B)D +ypB
P=BpH(P+B)—[b+ap(Bp) +vp+ Pp(¥)(D+B)IP+ypB

B = Bp(y)P(D+P)+BpD(P+B) —[b+ap+ (1 —y)ap(Bp) +vp + vrlB

Fitness functions — how well can a mutant invade a resident population?

wp (Y™ [y", BE) = Bo(Y"™I{H*[b+yp +vp +ag(y™ Bp) + Bp(P* + B)|+ P*[b+yp +yp +ap + fp(P*+ B")]} _1q
? T (b+yp +ap + BE(P*+ B?))(b + ag(y™, BE) +¥p +vp) — ¥pBr(P* + B*)

W (B |y, BE) = Bp{H*[b+vp+yp+ag(y",Bp) +Bp(y")(D*+B)| +D*[b+yp+vyp+ap(Br) + fp(y")(D* + BY)]} _q
CeR T (b+vp + ap(BE) + Bo(y")(D* + B)) (b + ag(y", BE) + vp + vp) — ¥YoBp (¥ (D* + C*)




b ap(y,Bp)

b ap(Bp)

Eb x /
Fso(\ -¢)— op

0 1 0




Evolving parameters \

“Effort” P Transmissibility
y€(0,1) Bp >0 Yy

b ap(y,Bp)




b ag(y,pp)

Evolving parameters

“Effort”
\_ y € (0,1)

es

~

Transmissibility

fp >0

y,
Trade-offs A
Lo ()| ap(Bp)
Bo
Fso(\ ~C\) azf,
0 1Y 0 ,By




b ag(y,pp)

Evolving parameters

“Effort”
\_ y € (0,1)

es

~

Transmissibility

fp >0

y,
Trade-offs A
Lo ()| ap(Bp)
Bo
Fso(\ ~C\) azf,
0 1Y 0 ,By




b ag(y,pp)

Evolving parameters

“Effort”
\_ y € (0,1)

es

~

Transmissibility

fp >0

y,
Trade-offs A
Lo ()| ap(Bp)
Bo
Fso(\ ~C\) azf,
0 1Y 0 ,By




b ag(y,pp)

Evolving parameters

“Effort”
\_ y € (0,1)

es

~

Transmissibility

fp >0

y,
Trade-offs A
Lo ()| ap(Bp)
Bo
Fso(\ ~C\) azf,
0 1Y 0 ,By




b ag(y,pp)

Evolving parameters

“Effort”
\_ y € (0,1)

es

~

Transmissibility

fp >0

y,
Trade-offs A
Lo ()| ap(Bp)
Bo
Fso(\ ~C\) azf,
0 1Y 0 ,By




b ag(y,pp)

Evolving parameters

“Effort”
\_ y € (0,1)

es

~

Transmissibility

fp >0

y,
Trade-offs A
Lo ()| ap(Bp)
Bo
Fso(\ ~C\) azf,
0 1Y 0 ,By




b ag(y,pp)

Evolving parameters

“Effort”
\_ y € (0,1)

es

~

Transmissibility

fp >0

y,
Trade-offs A
Lo ()| ap(Bp)
Bo
Fso(\ ~C\) azf,
0 1Y 0 ,By




b ag(y,pp)

Evolving parameters

“Effort”
\_ y € (0,1)

es

~

Transmissibility

fp >0

y,
Trade-offs A
Lo ()| ap(Bp)
Bo
Fso(\ ~C\) azf,
0 1Y 0 ,By




b ag(y,pp)

Evolving parameters

“Effort”
\_ y € (0,1)

es

~

Transmissibility

fp >0

y,
Trade-offs A
Lo ()| ap(Bp)
Bo
Fso(\ ~C\) azf,
0 1Y 0 ,By




b ag(y,pp)

Evolving parameters

“Effort”
\_ y € (0,1)

es

~

Transmissibility

fp >0

y,
Trade-offs A
Lo ()| ap(Bp)
Bo
Fso(\ ~C\) azf,
0 1Y 0 ,By




Evolving parameters

“Effort”
\_ y € (0,1)

es

~

Transmissibility

( Protection \

Bp >0 Y
Trade-offs A
Bp ()| ap(Bp)
o
Fso(\ ~C\) azf,
0 1Y 0 ,By




Evolving parameters

“Effort”
\_ y € (0,1)

es

~

Transmissibility

b ap(y,fp) ,BP >0 )
Trade-offs A
Bp ()| ap(Bp)
Bo
Fso(\ ~C\) azf,
0 1Y 0 ,By

\_

( Protection \

Mortality tolerance

J




Evolving parameters

“Effort”
\_ y € (0,1)

es

~

Transmissibility

( Protection \

Mortality tolerance

ag(y,Bp) = ap
+(1 = y)ap(Bp)

Bp >0 Y
Trade-offs A
Bp ()| ap(Bp)
o
Fso(\ ~C\) azf,
0 1Y 0 ,By




Background









We will use a mathematical analysis to understand the viability of
such a biocontrol in a host population




We will use a mathematical analysis to understand the viability of
such a biocontrol in a host population

1. Defensive symbionts that confer tolerance always select for higher virulence.



We will use a mathematical analysis to understand the viability of
such a biocontrol in a host population

1. Defensive symbionts that confer tolerance always select for higher virulence.

2. Defensive symbionts can drive parasite diversity.



We will use a mathematical analysis to understand the viability of
such a biocontrol in a host population

1. Defensive symbionts that confer tolerance always select for higher virulence.

2. Defensive symbionts can drive parasite diversity.

3. Symbiont-parasite coevolution will be detrimental to the host population.



1. Defensive symbionts
that confer tolerance
always select for
higher virulence.

2. Defensive symbionts
can drive parasite
diversity.

3. Symbiont-parasite
coevolution will be
detrimental to the host
population.




1. Defensive symbionts
that confer tolerance
always select for
higher virulence.

2. Defensive symbionts
can drive parasite
diversity.

3. Symbiont-parasite
coevolution will be
detrimental to the host
population.

Not evolving

Gjﬁ Evolving
\_

~

Bp (V)

;P\

E\;(\ -C)-




~

1. Defensive symbionts (
that confer tolerance Not evolving
always select for

. . ] RO ]
higher virulence. g 200 €1=0.2 l
= c1=0.5 H
. = 400 - _ |
< Evolving = e 1=08 ;
=
\_ < 300 - ]
2. Defensive symbionts @ 200 -
- - Bo(¥)| 5
can drive parasite 2 100
diversity. B R
U'- - T T
0.0 0.5 1.0

S bi . Strength of host protection, y
3. Symbiont-parasite

coe\{olution will be Bo(1-c)-
detrimental to the host
population. 0 1Y




1. Defensive symbionts
that confer tolerance
always select for
higher virulence.

2. Defensive symbionts
can drive parasite
diversity.

3. Symbiont-parasite
coevolution will be
detrimental to the host
population.

Not evolving

Gjﬁ Evolving
\_

~

Bp (V)

;P\

E\;(\ -C)-




1. Defensive symbionts
that confer tolerance
always select for
higher virulence.

2. Defensive symbionts
can drive parasite
diversity.

3. Symbiont-parasite
coevolution will be
detrimental to the host
population.

Not evolving

Gjﬁ Evolving
\_

~

Bp (V)

;P\

E\;(\ -C)-

£
= 1000
o
>

2000

=04




1. Defensive symbionts
that confer tolerance
always select for
higher virulence.

2. Defensive symbionts
can drive parasite
diversity.

3. Symbiont-parasite
coevolution will be
detrimental to the host
population.

Not evolving

Gjﬁ Evolving
\_

~

Bp (V)

;P\

E\;(\ -C)-

£
= 1000
o
>

2000

=04

c =05




1. Defensive symbionts
that confer tolerance
always select for
higher virulence.

2. Defensive symbionts
can drive parasite
diversity.

3. Symbiont-parasite
coevolution will be
detrimental to the host
population.

Not evolving

Gjﬁ Evolving
\_

~

Bp (V)

;P\

E\;(\ -C)-

£
= 1000
o
>

2000

=04

c =05

c=0.6




1. Defensive symbionts
that confer tolerance
always select for
higher virulence.

2. Defensive symbionts
can drive parasite
diversity.

3. Symbiont-parasite
coevolution will be
detrimental to the host
population.

~N

Not evolving

< Evolving

;P\

E\;(\ -C)-

Resident parasite transmission, B5

04 06 08

oportion of parasitised hosts that posess defensive symbionts




1. Defensive symbionts
that confer tolerance
always select for
higher virulence.

2. Defensive symbionts
can drive parasite
diversity.

3. Symbiont-parasite
coevolution will be
detrimental to the host
population.

Evolving

Gjﬁ Evolving
\_

Bp (V)

;D\

E\;(\ -C)-




3. Symbiont-parasite
coevolution will be
detrimental to the host
population.

-

Evolving

Qjﬁ Evolving
o

~

Bp (V)

;P\

E\;(\ -C)-

Accelerating

Decelerating

Shape of the trade-off, c;

Maximised

Repeller
(max or min)

0.0

T T T T
0.2 0.4 0.6 0.8 1.0
Strength of the cost of host protection, ¢



1. Defensive symbionts
that confer tolerance
always select for
higher virulence.

2. Defensive symbionts
can drive parasite
diversity.

3. Symbiont-parasite
coevolution will be
detrimental to the host
population.

-

Evolving

jS Evolving
o

~

Bp ()

Accelerating

Decelerating

Shape of the trade-off, ¢z

]
L

o
L

|
L~
L

—4

Maximised

Repeller
(max or min)

0.0

T T T T
0.2 0.4 0.6 0.8 1.0
Strength of the cost of host protection, c;



3. Symbiont-parasite
coevolution will be
detrimental to the host
population.

10 T
S
(a) 4
L
o
'l"
B 5-1
o
o
Qz
b )
64"

PBe (parasite transmission)

0.00

025 050 075
y (mutualism strength)

1.00

Bp ()

Accelerating

Decelerating

Shape of the trade-off, ¢z

]
L

o
L

|
L~
L

—4

Maximi’

Repeller
(max or min)

0.0

T T T T
0.2 0.4 0.6 0.8 1.0
Strength of the cost of host protection, c;



3. Symbiont-parasite
coevolution will be
detrimental to the host
population.

—_—
1))
—

PBe (parasite transmission)

\_

Evolving

Accelerating
N

|
Shape of the trade-off, ¢z
o

|
L~
L

< Evolving

Decelerating

10

Maximised

Repeller
(max or min)

—
o

Pr (parasite transmission)

0.00

¥ (mutualism strength) ¥ (mutualism strength)

T T T T
0.2 0.4 0.6 0.8 1.0
Strength of the cost of host protection, c;



3. Symbiont-parasite
coevolution will be
detrimental to the host
population.

\_

Evolving

< Evolving

10

—_—
1))
—

PBe (parasite transmission)

0.00

050 075 1.00

0.25
y (mutualism strength)

10

—
o

Pr (parasite transmission)

Bp ()

! Accelerating
Shape of the trade-off, ¢z
o

Decelerating

)

- o o =5

——————
- =

0.25 050 075
¥ {mutualism strength)

0.00 1.00

Br (parasite transmission)

050 075 100

0.25
y (mutualism strength)

]
L

—4

Maximised

Repeller
(max or min)

0.0

T T T T
0.2 0.4 0.6 0.8 1.0
Strength of the cost of host protection, c;



3. Symbiont-parasite
coevolution will be
detrimental to the host
population.

\_

Evolving

< Evolving

10 T L
s f
(a) 4
L
-
rl"
8 1 rJ-i
o
"l
'a/
o
64 .7

PBe (parasite transmission)

0.00

050 075 1.00

0.25
y (mutualism strength)

10

—
o

Pr (parasite transmission)

8
f""’-'\-“\\
7 \
-
- - LY
ﬁ ” \-'---
4
- e — 5]

Bp ()

0.25 050 075
¥ {mutualism strength)

0.00

1.00

Br (parasite transmission)

o
c
=
(1]
s
g
o &
o .
o E
< 3
o
s
=]
- ]
F=
=]
s
o
D
c o
=i
[1v] [
{1
g
]
(v
@
o
1)
10 —§
I
[/
!
I
!!'
8 4 Fd
J'I
l""
,
-
-
5 - .-:Ja

050 075 100

0.25
y (mutualism strength)

|
L~
L

—4

]
L

o
L

Maximi

sed

Repeller
(max or min)

0.0

l).l2
Strength of

T T T
0.4 0.6 0.8 1.0
the cost of host protection, c1

(d)

— 8-

c

S

a

£

a6

S R O .

5

2

b

5 4 JEESSSSSES0S -50 -=—-]

=

Q.

QI T
A e u

//__\
| 9O

000 025 050 075 1.00

y (mutualism strength)



Background









Tolerance shields the host from the harmful effects of the parasite.
Two forms of tolerance - “Fecundity tolerance” and “mortality tolerance”.

Fecundity tolerance prevents new births with the parasite, mortality tolerance reduces virulence.
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2. Defensive symbionts can drive parasite diversity.

3. Symbiont-parasite coevolution will be detrimental to the host population.
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2. Parasites can drive
defensive symbiont
diversity
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3. Symbiont-parasite
coevolution can be
positive for the host
population.
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If you fancy becoming a cranberry farmer...

...you need to make friends with spiders!
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