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Biocontrol of the emerald ash borer:
an adapted Nicholson-Bailey model

Michael Kerckhove, Shuheng Chen, Yihui Wu
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Outline of Talk

* Agrilus planipennis (EAB) and the larval parasitoid
Tetrastichus planipennisi (TP)

* Nicholson-Bailey model

* Partial Refuge Model

- model parameters
- equilibria and stability
- escape probabilities as coordinates

* Biocontrol Questions

e Future Work



Biocontrol Map (2020)

AND PARASITOID RELEA TY
Cooperative Emerald Ash Borer Project

‘ I =
T X l? 's""
- o
St o7 "‘? _"'A. Si
&?ﬁ .
, .:._jj',.'i-‘;’,'*
1 s 25
VYA
: Ye :
b

AN
.
gan

Pease noe Oue 1o refease wax rapacing B £2& inested county with para e

mathods the refese Buauaves thauld be
comidernd approminate EAB infested county

DR ——




Host and Parasitoid
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Ash and Fringetree

- Ash and White fringetree ranges overlap

- Fringetree is suboptimal for EAB

- Fringetree is also suboptimal for TP

Range of White
Fringetree 1

Range of North
American Ash




Nicholson-Bailey Model (1935)

Heop = RHe e @™

Pea = KRHe (1-e72)

-a Pt

© = escape probability

1-e2P = parasitismrate

Ht = host density at time t
Py = parasitoiddensity

R = host growth rate

a
k

parasitoid attack rate
parasitoids per parasitized host

Unique unstable equilibrium




N-B Suboptimal Refuge

Assume fraction u of the host population utilizes a
suboptimal refuge with refuge growth rate aR. In the
absence of parasitoids, the expected growth rate is

YR=(apu+ (1-u))R

Viability assumption: yR>1

Write

f(Pe) =au+ (1-u) e

Hei1 = RHe £ (Py)
Pti1 = KRHe (v - (Py))



Equilibrium and Stability

Heia = RHe £ (Py)
Pti1=KRHe (v - F (Py))

f(Py) =au+ (1-u)e?

Equilibrium Conditions

1=Rf (P")
P* = kH* (yR-1)
Stability: Singh & Emerick (2020)

1L+kyR*H" f;>0 where f; = 6. f |, .



Partial Refuge Model

Refuge is also suboptimal for the parasitoid.
Attackrate: Ba, 0<B<1.

Heia = RHe £ (Py)
Ptii1=KRHe (v - F (Pe))

f = aue—VBaPt+ (1 - ) e (1-v) aPe

R, kR; a ex-refuge growth; attack rates
Oy B discount factors (suboptimal)
Ky V % host, parasitoidusingrefuge

Refuge assumption: v 3 <1-v



Partial Refuge: Equilibrium and Stability

—vBaPt+ ( ) e—(l—v)aPt

f=z=aue 1-u

SetX*=aP*andyx=qel"IAVIX
Eq uilibrium: an a, u-weighted average of the escape probabilities

pup® eV BX 1 =g & (LY X

i
o + (1 - pu*) ap”+ (L-pu") YR

Stabi llty a A, p-weighted average of their logarithms.

All* sy B3 AF
/\IJ*+(1-H*) n (e )+
Los' g (o) s g

Apt+ (1-p%) YR



Using the escape probabilities p and g as primary
variables clarifies the picture.

equilibrium constraints

= stability criterion

= constant p




Formulas intermsofp, q, B

u":l_—qR ¥ = ln (p)

R (ap-q) ln (p) +B ln (q)
*__1 K X*
XK'=-g (In(p)+Bln(a)) W = H— 2T

In particular

* 1
VH™ = vX* - 2 ——L
ak (yR-1) YyR-1

Level curves of u*, H', X"




Biocontrol Questions

fringetree density
ash+fringe density * What

1. Suppose u* is proportional to ¢ =

is the minimum H* that can be achieved for given §?

2. For a fixed parasitoid density X* (again for a given ),
what is the worst case maximum density H*?

3. How do the answers change as G, i.e. the in-refuge
attack rate, increases?



Biocontrol Answers u*, H*, X*, B

min H* for given py and max H* for given X*.

contours of p*
showing argmin(H") for fixed p*
stability region shaded

Data at blue point (p, g) = (.84, .085)

H*=1.74, X* =3.05, y* =0.423, v*=0.191



Conclusions

 Suboptimal refuge can stabilize N-B equilibria

- reasonable in-refuge host growth rate
- low ex-refuge escape probability
- high in-refuge escape probability
* Model provides insight for biocontrol questions
- best- and worst-case scenarios
- parasitoid response to host range expansion

- effect of increased efficiency of parasitoids



Future Work

Forest Regeneration Life-stages Model

Life cycle synchronization,
EAB application of parasitism in
series and parasitism in parallel.

Population dynamics among
Ash saplings, Mature
Ash(refuge), EAB and larval Biocontrol
parasitoids

Negative Binomial Distribution
Express escape probability for EAB in white fringetree as negative
binomial distribution (Hassell, 2000)
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