From Ecological Engineering to Dynamical
Systems: A Strategy for Control

Teais a $16.75 billion global industry, with 25,000 cups
consumed every second. But beneath the canopy, a battle
for resources costs the industry up to 55% of its yield annually.
The solution isn't just chemical—it's mathematical.
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- The Antagonists

-
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Target: Empoasca onukii
Role: The Pest

- Rapid reproduction
- Qverlapping generations
- Hides under leaves

Agent: Anystis baccarum

Role: The Predator
- Generalist Hunter

- Fast-moving S NN
- Cannibalistic (e ) )

| The Green Leafhopper defies pesticide schedules with its rapid lifecycle. The Whirligig Mite offers a
= biological alternative—a fast-moving generalist capable of suppression if the environment allows.
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Key Metric: Significantly
higher mite density than
bare ground.
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Field experiments in Fujian
Province tested ‘habitat

management’ as a control lever.

By intercropping tea with
specific cover crops like P.
notatum, we engineer a
landscape that favors the
predator.




The Complexity Gap

Year 2: Parallel Growth Predator
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Empirical data reveals a puzzle. Cover crops successfully boost predator density (up to 3.65 individuals/m?),
but pest suppression is inconsistent. Statistical observation is not enough—we must model the dynamics. ‘
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The Mathematical Microscope Ak 0
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We model the ecosystem as a dynamical system. Unlike traditional models where predators starve
without specific prey, A. baccarum is modeled as a Generalist, surviving on alternative food sources. .
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The Stability of the Generalist

Specialist Model

Population Density

Extinction

Predator Population over Time (Prey = 0)

Population Density

Generalist Model (Our Approach)

K, (Carrying Capacity)

Predator Population over Time (Prey = 0)

The Whirligig Mite does not rely solely on the Leafhopper. It survives on alternative food o
sources provided by the cover crops. In dynamical systems terms, this creates a “boundary ‘{%

equilibrium” —a permanent pressure on the pest population. *
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Mapping the Tipping Points '

Pest Qutbreak =8

v o Saddle-Node :
E
i Limit Cycle a
3 (Oscillation) .
% Hopf g
o Stable Control |
Carrying Capacity (K,)

The interaction is governed by mathematical tipping points. These ‘Nilpotent

Singularities"” organize the chaos, determining whether the populations will settle into a -

stable balance or spiral into high-amplitude oscillations. : :
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The Limit Cycle

nl

Predator Density

Pest Density

When stability is lost, the ecosystem enters a “Limit Cycle"—a repeating loop of L)
outbreaks. We mathematically proved the existence of up to three such cycles, ‘%
explaining the sudden surges seen in field data. #\
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The Hidden Variable: =~ -
~ Stage Structure

Mathematical modeling reveals
that the Egg Stage is the
system’s buffer. The hatching
rate acts as a throttle.

As long as the pest hides in
the egg stage inside the tea
stems, the predator cannot
suppress the outbreak.
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The Window of Time -
— N
The classification of the mathematical singularity depends on the hatching rate. By extending <~ *

the incubation time (lowering the rate), we force the system into a stable state. This creates a o
temporal window where the predator can consume emerging nymphs faster than they mature. - -, :
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(Predator | k.
Carrying | ™ 4= (Risk) = Blue Zone (Control
Capacity) — .

¥ - _Intercropping with P. notatum does not just “add bugs.” It fundamentally alters the mathematical
.» . parameters of the field (K,). It moves the ecosystem away from the bifurcation tipping point.
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A Protocol for Sustainable Control. R
=4
\( Liolare oy Plant Paspalum notatum to boost predator densﬂy |
(K,) and support generalist survival. /
Timin Target interventions during hatching windows .
J identified by the stage-structured model. X
' §
. b a_ﬁ' KlethaNitm Focus on extending pest incubation time to allow
SETII R ol * predator saturation.

i - _Effective control requires aligning the biological reality with the dynamical model. We do not
» . = spray for eradication; we engineer for stability.
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The Generalist.

Scientific Editorial

Our research confirms that, = s«
the complexity of thetea = .-
ecosystem is not
random—it is organized.
By understanding the B
mathematics of nilpotent
singularities, we turn the
Generalist Predator from a
passive observer into the
organizing center of pest
control.
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Mathematics reveals the hidden rules.
Pl 00 Ecology applies them.

‘f = -_: o , Based on the dissertation by Pei Yuan (2021), York University. %
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