Population Dynamics Theory
and Biological Control

Model predictions

/ Live scale




What We Ask of Theory

What features of the parasitoid, host
environment are responsible for
successful pest control in classical
biological control projects




Components of

1.Big reduction In pest density

2.Stable suppression (regulation)
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Examples of Real Successful Biological Contral
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The Basics of Population

Dynamics

How do animal populations growf:




Types of Population Growth
Seen In Animal Populations

A Exponential- compounding growth is
expected If there are no external constraints of
food, habitat quality, or natural enemies

A Logistic (sigmoid) growth is seen when
growth rate de-accelerates due to a restraint




Exponential growth occurs when resources are abundant
the habitat favorable and free of significant natural
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If as densities increase, resources become less available or of lo
guality, the habitat deteriorates, or natural enemy action increases
growth rates slow and become logistic rather than exponential (Va
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Concept: K, the carrying capacity of the habitat

Carrying
Capacity:
Theoretical
maximum
population
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Example of Logistic Population Growth in Fruit Flies
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Growth leveled off
after 10 days.

Example of Logistic
Population Growth in
Paramecium
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Why Is Biological Control Useful?

A All populations eventually reach a carrying
capacity and either level off or decrease.

A If caused by starvation or speciesnduced
pollution, the habitat may be damaged.

A Biological control is valuable because natural
enemies often cause populations to level off at
densities lower that those set by starvation or
pollution, thus protecting the habitat




How Is Biological Control

Achieved?

A Question #1. How do natural enemies
Suppress a pestos po

A Question #2. What prevents the natural
enemy from driving the pest to extinction
and thus inducing instabllity in the
system?



Mortality factors are conceptualized as (1) density dependent vs. Nn¢
(2) physical vs biological, and (3) reciprocal vs. not
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Population size of prey
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How Is strong pest

suppression achieved?

1. Quick parasitoid generations

2. Good host finding
3. Increased parasitism when and

where hosts are most dense



1. Quick Generation Time

Concept of GTR



Generation Time Ratio (GTR)

Strong pest suppression (here, low Q) Is associated with low GTR
(that Is fast developing predators relative to their prey)
1.0 '

q




Relative predator prey development rates
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Fig. 9.6. The relationship between the average developmental rates (1/D) of
acari, adelgids, aleyrodids, aphids, coccids and psyllids, and that of their
specific ladybird predators at 20°C. The dashed line indicates a develop-
mental rate of the predator divided by that of its prey (GIR) equal to 1.0.



2. Good Host Finding

Natural enemies must be able tc

efficiently find hosts to suppress
their populations




Host Finding Abllity

AThis varies by group and species an
IS based on many factors, especially
responsiveness to kairomones from
the host or host/plant complex

ADiscussed in chapter/lecture on
parasitoid/predator biology
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Figure2. Indicative levels of pest depression from population models for the interaction of
Anagyrus sp. and Gyranusoidea tebygi with R. invadens. Each parasitoid-host interaction is
modelled independently and based on parameter estimates available from pre-introduction
studies. Searching efficiency could not be accurately measured or guessed; hence it is
treated as a variable here, ranging over a probably realistic range of values.



3. Increased Parasitism When and
Where Hosts are Most Dense

Concept: Direct Density Dependence
Mechanisms:

1. functional responseeat more

2. spatial responsepredator aggregation to
host rich patches

3. reproductive responsequick

reproduction when and where hosts are
common




Density Dependency

ADirect - population thermostat
Alnverse - predator saturation

Alndependent- abiotic mortality




Kinds of relatedness between mortality level and pest density as
% Mortality vs density
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Kinds of relatedness between mortality level and pest density

Number Killed

As Number Killed vs Density

Inverse density
dependent
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Ill.  Two main causes of Density Dependence
-Competition for resources

-Action of natural enemies (e.g. predators,
parasites diesease)



Examples of processes that vary with density
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Functional Response

ANumber of prey eaten per predator
varies with density

APattern of this relationship varies
but only some produce direct density
dependency




Types of Functional Response

ANicholsonType |
AHolling - Type II
ASigmoidi Type Il
AThompson
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No. hosts parasitized
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Functional Response
-Rarely Efficacious

FOnly the Type Ill response is ever
density dependent in action, and then
only in the lower ranges of prey
density

AConclusion: functional response is
unlikely to focus predation on dense

host patches and unlikely to produce
regulation



Spatial Response

Alf a local patch of prey increases in

density, mobile predators may move
to and aggregate on it




The tachinid
Compsilura
conncinata
responds with
local positive
aggregation to
small patches of
higher density
gypsy moth larvae,
as show by attack
levels in
artificially created
local outbreaks
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Spread of natural enemies
% of euonymus in landscape withChilocorus kuwanae

Euonymus Scale Infestation Category

N1 1. M H all plants

MA-1992 = 0%(446) 0.4%(251) 4.3%(138) 12.9%(272)' 3.8%(1107i
MA-1993 0%(364)  1.0%(406) 5.0%(219) 29.1%(103) 4.1%(1092)
MA-1994 1.1%(550) 2.4%(334) 8.9%(158) 21.8%(179) 6.4%(1021)
CT-1992 3.1%(228) 12-7%(118) 17.4%(69) 27.4%(113) 12.3%(528)
CT-1993 0.0%(176) 9.3%(162)' 25.6%(90) 25.8%(120) 12.6%(548)
7 RI-1992 7:6%(105)" .30.2%(43)  47.1%¥(17) R 45.1%(122) 29.3%(287)
31-19931A 0.0%(33) 36.8%(87) 35.2%(54) 47.7%(86) n35.4%(2605

-

1 scale infestation categories, N = not infested, L=light, M=medium,

H=heavy



Reproductive Response
(numerical response)

Alf a prey population increases in
density, parasitoids or predators may
Increase locally at a faster rate

AThe predators may overwhelm the
prey in 1-3 generations




Reproductive response oAphytis melinusto outbreak of CA red sca
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Total Response

AFunctional, spatial or reproductive

responses may occur together to
produce the total response




The role of natural enemies in insect population dynamics 339

Functional response Numerical response
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Figure 5.29 Alternative ways of achieving a sigmoid total functional response between prey eaten (N,)
by P. predators and prey density N,. The total response may be achieved by combining either response A
or B with numerical response A or from functional response B with no numerical response. (Source:
Hassell, 1978.) Reproduced by permission of Princeton University Press.



Numerical Response predator density increases in response to increases in
prey density

For baybreasted warblers preying upon spruce budworm.
The density of birds increases with the densitgaidérpillars.

Functional Response individual predators each consume more prey in response
to increases in prey density.

The rumber of caterpillars eaten pararbler increases with caterpilldensity

Functional responseg 120 -  Numerical response
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This is an example of a multiequilibrium model
ith complex density dependence




Recognizing Density Dependency

Density independ
Q ; é i j (b=0Q)

Overcompensating
{b>1.0)

Direct density
dependant {b +v

Undercompensating
{b<1.0)

Delayed density
dependent (b=0}

Log density of stage on which factors act

Figure 520 Time sequence plots showing ho'
density relationships can be identified from tk
patterns produced. (Source: Southwood, 1978.)
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Figure 5. Mortality of winter moth caused by Cyzenis albicans calculated as: (a) absolute
percentage of parasitism over time, and (b) parasitoid efficiency (log a) as a function of
parasitoid abundance in 1984 and 1985 for oak (@) and apple (Q) trees, and for yearly
means in the oakwood (M) and orchard (OJ) in those years.



Interpretation of winter moth life tables

Winter moth populations and mortality
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A Winter moth population changes expressed as generation curves for
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B Changes in the mortality, expressed as k-values, show that the
biggest contribution to change in the generation mortality K comes
from changes in k1, the winter disappearance.

var



Stability?

What prevents the natural
enemy from driving the pest to
extinction and thus inducing
Instability in the system?



What keeps parasitoid/hosts cycles from oscillating wildly and
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Instability through host extinction: In simple
systems exploiters drive victims to extinction

Experiments by Gause (1932, 1934) with
Parameciumand predatory protozoan
Didinium. Under most conditions, predat
drove prey to extinction and therewenthe
extinct itself
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Fig. 4.1 Population model for a stabilized host population attacked
by & parasite using Thompson’s theory. Host reproductive rate F = 2,
population stabilized by & density dependent factor at 1000. Parasite

lays an average of 2-5 eggs. Formulae (4.1) and (4.2) apply.
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Potentially Stabilizing Mechanisms to
Prevent Complete Exploitation by Predators

1.Physical refuges for pest
2.Natural enemy aggregation

3.Parasitoid interference
4.Meta population dynamics
5.Invulnerable host age class




Stabilizing Mechanisms Fall into Two Classe

Forces making predators less efficient

A Inefficient natural enemy aggregation
A Parasitoid mutual interference

No catch nNzoneso |
recolonization after high enemy impact
APhysical refuges f
A Meta population dynamics
(harder to find scarce hosts
over many host patches)
A Invulnerable host age class




Example of density dependent natural
enemy aggregation

Table 5. Percéntage of shrubs in the landscape on which Chilocorus

kuwanae beetles were recérded in New England, 1992-1994.

Euonymus Scale Infestation Category

o

N1 L | M H all plants
MA-1992 = 0%(446) 0.4%(251) 4.3%(138) 12.9%(272). 3.8%(1107i
MA-1993 0%(364) 1.0%(406) 5.0%(219) 29.1%(103) 4.1%(1092)
MA-1994 1.1%(550) 2.4%(334) 8.9%(158) 21.8%(179) 6.4%(1021)
CT-1992 3.1%(228) 12.7%(118) -17.4%(69) 27.4%(113) 12.3%(528)
CT-1993 0.0%(176) 9.3%(162)° 25.6%(90) ~25.8%(120) 12.6%(548)
" RI-1992 7.6%/(105)" .30.2%(43) 47.1%(17) 45.i%(122) 29.3%(287)
RI—1993: 0.0%(33) 36.8%(87) 35.2%(54) 47.7%(86) .35.4%(260) |

1 scale infestation categories, N = not infested, L=light, M=medium,

H=heavy



If parasitoids aggregate inefficiently (here, aggregating INDEPEND_ENT of local
host density or I nterfere with ea
fewer hosts the pest equilibrium level rises

010 AGGREGATION INDEPENDENT OF LOCAL PEST DENSITY

NEGATIVE BINOMIAL MODEL
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Figure 3. The trade-off between stability and suppression of the pest population in a
Nicholson-Bailey model in which the parasitoids aggregate independently of local pest
density. A smaller k implies greater aggregation and greater stability. The single point,
N-B, is the pest equilibrium in the Nicholson-Bailey model without aggregation. Notice
that the ordinate is on a log scale.



Physical refuges for pest

Huffaker (1958) hadimilar results with herbivorou
and predatory mites fed on oranges in the labora
Both went to extinction until he made the habitat
sufficiently complex. Then he got a stable oscilla
as predicted by the Lotkdolterra model. Take
home message: Laboratory studies of populatior
dynamics frequently oversimplify.






