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INTRODUCTION

Invasive species have become a problem for both the scientific community and the gen-
eral public. Ecologically speaking, invasive exotics have been found to reduce biodiversity, a
commonly known indicator of ecosystem health (McGeoch et al. 2010). They also have the
potential to alter the physical properties of an ecosystem, everything from the biogeochemistry
(Gordon 1998) to soil horizon layers (Bohlen et al. 2004) to species composition (DiTomaso
2000).

From an economic standpoint, invasive species are generally detrimental. Pimental et al.
estimated that in 2005 invasive species were responsible for 120 billion dollars worth of dam-
ages (2005). These can take a plethora of forms. DiTomaso reported decreased hunting and
game recreation opportunities due to conversions of plant populations affecting local herbivore
levels (2000). Johnson grass, an invasive plant originally brought to the United States as a
forage crop, has been known to supplant and overcome entire sugarcane harvests in the state
of Louisiana. Currently a collection of dead zebra mussels is blocking two thirds of a Lake Erie
intake pipe that supplies water to Buffalo, NY (Cabreza and Phillips 2010). The Army Corps
of Engineers estimates that it will cost between 400 and 600 thousand dollars to remove (2010).

The invasive insect Asian citrus psyllid (Diaphorina citrii) was recently introduced and has
begun spreading in the United States. It was first found in Florida and Texas (1998 and 2001
respectively) (Grafton-Cardwell et al. 2006) and reports indicate that the insect has migrated
into California (Fenichel 2010). Asian citrus psyllid primarily affects citrus via secretion of a
honeydew that can induce mold growth (Grafton-Cardwell et al. 2006), stunting terminal plant
growth and causing the malformation of leaf/shoot formation (Michaud 2004), and acting as
a vector for the spread of citrus greening disease. Citrus greening disease or Huanglongbing
is known as the most severe disease affecting the citrus family: it causes twig/limb dieback,
underdeveloped fruit, and eventual tree death (Polek emphet al. 2007). As of now there is no
known cure.

ACP has the potential to devastate the California citrus industry. For my Masters in Biol-
ogy at Arizona State University I will be working with Eli Fenichel and Tim Warner to model
optimal control policy for Asian citrus psyllid. We hope to incorporate the ecological disper-
sal aspect of this problem as well as the economic and social dynamic of management by farmers.

With my weaker background in Economics, I decided to begin by focusing on an ecological
approach, specifically looking at dispersal models of populations. I hoped to take a basic dis-
persal model and expand it to investigate the effectiveness of various pest control methods on
agent populations.



Several agent or individual-based dispersal models can be found in the ecological literature.
Schmolke used an agent-based model to link foraging efficiency to the evolution of polydomy
(multiple nests) in ants (2009). Holt et al. (2004) investigated how the ’Allee effect’ due
to immigration affected species adaptation. Further, a study conducted in 2008 utilized an
individual-based model to predict the spread of the invasive velvet tree in Australia (Murphy
et al. 2008).

For my study, I selected one by Poethke et al. (2003) to use a basis for my own model:
it was relevant and possessed components that I felt most able to expand to fit my questions.
In it the authors looked at the evolution of optimal dispersal rates for local extinction factors
(environmental catastrophes and demographic fluctuations). I replicated the environmental
catastrophe portion of the model, then added an age structure and modified the catastrophe
component into a pest control methodology.

Model in hand, I investigated the effects of two different pest control regiments on agent
populations: a time interval and a population threshold interval. I also looked at optimal
combinations of the type and amount of pest control management. Realistically complete ex-
termination may not always be the best policy.

Dispersal rates can be measured in the model. Agents will evolve an optimal dispersal rate
for a given pest control method. However, the primary focus was on the aggregate population
levels of agents.

MODEL DESCRIPTION

The model environment consists of 180 patches each with a patch-specific carrying capacity
and agent density. Agents possess their own age, sex, patch affiliation, and four genes on two
loci coding for dispersal probability.

At each time step, agents are subjected to a management control (if applicable), disperse,
and reproduce. Dispersal is determined both by the agents genetic code (establishing a toler-
ance for other agents) and the density of agents on that agents patch. If an agent does choose
to disperse, there is an equal probability of going to every patch on the environment and as
well as a global dispersal mortality probability. Only adults may move to another patch.

When two adult unpaired agents of the opposite sex come together on a patch, they can
mate and produce offspring. The number of offspring is drawn from a Poisson distribution with
a user-defined mean, but is limited by the carrying capacity of a patch. Generally offspring



inherit their parents genes for determining dispersal probability, although mutations can occur.
Like dispersal, offspring are subject to a density-dependent offspring mortality rate.

For any given management control, a random patch is selected from the environment and
within a user-defined block of patches all agents die. This can occur via a time interval or
agent threshold. For a time interval, the control will happen after every set number of ticks
defined by the user. An agent threshold approach implements a control after the total number
of agents exceeds a particular amount.

A full detailed model description can be found in Appendiz A: ODD Protocol.

RESULTS

Each management control method was conducted with an initial number of agents =300,
average offspring = 10, dispersal mortality = 0.10, mutation rate = 0.10, and control intensity
= 15 patches. Trials ran for 1000 time steps. Standardization determined that 150 runs per
control combination was sufficient to minimize variation and give a reasonable average (0.1
percent variation). For full listings of data including standard deviations, see Appendiz B:
Management Control Raw Data.

Without any kind of external control on their populations, agent populations stabilize at
about 10,250 with a dispersal rate of 0.85 (Table 1). Implementing a time control regiment did
not seem to cause a significant change in agent numbers in all categories (Table 2).

Table 1 Baseline end population (no management control) with initial agents = 300, average
offspring = 10, dispersal mortality = 0.10, and mutation rate = 0.10. Avg. and Disp. denote
Awverage and Dispersal respectively.

Avg. Turtles Median Max Min  Avg. Disp. Rate

10,259.86 10,325.33 12,191.60 747.01 0.85



Table 2 Time control populations with initial agents = 300, average offspring = 10, dispersal
mortality = 0.10, mutation rate = 0.10, and control intensity = 15 patches. Awg., Disp., and
Nmbr. denote Average, Dispersal, and Number respectively. With the exception of the number
of controls, values are the percent change (4/-) from the baseline (null) with no control.

Interval (Ticks) Avg. Turtles Median Max Min Avg. Disp. Rate Nmbr. Controls

10 -1.23 -0.68  -2.68 041 0.70 99
20 -0.63 -0.29  -0.02 -1.74 -0.60 49
30 -0.36 -0.10 0.28 -1.71 0.74 33
40 -0.23 -0.06  -0.03 -1.56 -0.11 24
50 -0.24 -0.10  -0.04 -0.35 0.50 19
60 -0.34 -0.20  -0.39 -0.43 -0.71 16
70 -0.21 -0.11  -0.23 -0.29 -0.50 14
80 -0.08 0.04 -0.15 -1.86 -0.28 12
90 -0.03 0.06 0.22 -1.46 0.82 11
100 0.07 0.14 0.32  0.02 0.15 9
150 -0.02 0.03 -0.03 -0.82 -0.19 6
200 0.14 0.17  -0.31 -0.20 0.36 4
250 0.06 0.09 -0.14 -0.72 0.17 3
300 0.06 0.09 0.17 -1.35 -0.04 3
400 0.03 -0.26 -0.21 -1.49 -0.06 2
500 0.07 0.07 0.11 -0.25 -0.13 1

Although these changes may be statistically significant, they are not biologically significant.
This most likely stems from the time lag between management controls and the agents’ speed
of recovery. With an average offspring of ten, agents are able to quickly recover and the control
method has little effect even at the smallest time interval. Thus, in order to sufficiently suppress
agent populations one would need to either increase the intensity of the control or decrease the
control interval.

Pest threshold was able to cause substantial decreases in agent populations, specifically in
the average and median number of turtles (Table 3). Note that this does come at the cost of
the number of management controls required. Most of the pest thresholds implemented almost
100 times more controls than the latter management method.



Table 3 Pest threshold populations with initial agents = 300, average offspring = 10, dispersal
mortality = 0.10, mutation rate = 0.10, and control intensity = 15 patches. Awg., Disp., and
Nmbr. denote Average, Dispersal, and Number respectively. With the exception of the number
of controls, values are the percent change (4/-) from the baseline (null) with no control.

Threshold Avg. Turtles Median Max Min Avg. Disp. Rate Nmbr. Controls

1000 -11.57 -11.48 -5.86 0.14 1.39 997
2000 -11.38 -11.38  -5.68 -1.70 1.38 994
3000 -11.41 -11.44  -6.01 -1.44 1.21 993
3500 -11.40 -11.43  6.00 -1.09 1.07 992
4000 -11.41 -11.45  -5.74 -1.52 1.16 992
4500 -11.32 -11.35  -5.78 -1.29 1.75 992
5000 -11.42 -11.43  -5.75 -2.06 1.37 992
5500 -11.36 -11.41  -5.85 -1.82 1.20 991
6000 -11.29 -11.33  -5.33 -0.92 1.86 991
6500 -11.38 -11.44  -5.57 -0.09 1.14 990
7000 -11.30 -11.33  -5.02 -1.13 1.52 986
7500 -10.94 -10.98 -5.01 -1.20 1.38 971
8000 -10.52 -10.56  -4.52 -1.63 0.69 921
8500 -9.26 -9.32  -4.04 -1.06 1.62 839
9000 -7.74 -7.92  -3.78 -0.74 1.39 724
9500 -6.05 -6.46  -2.54 -0.77 1.25 576
10000 -3.97 -4.32  -1.79 -0.70 1.06 402
10500 -1.61 -1.24  -1.32 -0.15 0.80 171
11000 0.08 0.16 -0.82 -2.08 0.27 14
12000 0.05 0.08 -0.10 -1.43 -0.10 1

The optimal management control for agent number threshold would be either 8500, 9000,
or 9500 agents depending on the particular type of pest and cost of control. Each threshold
lowers agent populations by greater than five percent and experiences a drop in the number of
controls from the previous threshold level.

In order to make an educated decision one would have to weigh the effects of an agent
population on the environment as well as the cost of controlling agent populations. Allowing
large numbers of agents to exist may not necessarily be detrimental to an environment if that
population is below a level that causes severe damage. Similarly if the cost of control is low
enough one will not be penalized enough to discourage frequent management control of agent
populations.



SENSITIVITY ANALYSIS

Analyses of parameter values were conducted using a pest threshold control of 9000 agents
with all other variables held the same as the previous experiment. Due to time constraints
trials were run 50 times instead of 150. There was still little variation (less than five percent).
For full listings of data including standard deviations, see Appendiz C: Sensitivity Analysis Raw
Data

Altering dispersal probability should affect overall agent population numbers. One would
expect a negative correlation between the two: as dispersal mortality increases, agents will be
less inclined to disperse due to the risk of death. At high management control intensities and
frequencies, there is a greater chance that agents will be caught in a control implementation
compared to an agent that constantly moves around the environment.

Decreasing dispersal mortality exhibits a positive change from the baseline, while increasing
it leads to a significant decrease in all turtle values as predicted (Table 4). Note the large drop
in dispersal rate. At mortalities greater than 0.25 turtles were not able to survive until the end
of the run and were not included. Even at dispersal mortality = 0.25, only 19 trials out of 50
produced turtles by the end of the run.

Table 4 Effect of dispersal mortality with initial agents = 300, average offspring = 10, mutation
rate = 0.10, pest threshold = 9000, and control intensity = 15 patches. Awvg., Disp., and Nmbr.
denote Average, Dispersal, and Number respectively. Values are the percent change (+/-) from
the baseline (dispersal mortality = 0.10). In runs with dispersal probability greater than 0.25,
populations were unable to survive and were not included.

Disp. Mortality Avg. Turtles Median Max Min  Avg. Disp. Rate Nmbr. Controls

0 5.22 5.28 8.48  16.98 0.40 17.55
0.10 0.00 0.00 0.00 0.00 0.00 0.00
0.15 -2.86 -2.88 -4.61  -7.92 -4.37 -15.14
0.2 -95.68 -5.60 -8.72  -15.50 -44.90 -34.99
0.25 -8.24 -7.43  -13.69 -16.43 -61.43 -59.26



Mutation rates have the potential to affect the effectiveness of a control implementation. If
mutations lead to the development of high dispersal rates, then agents will be better at avoiding
a control. For the most part shifting mutation rates had little or no deviation from the baseline
measurement (Table 5). Only no mutations, that is a uniform agent dispersal probability equal
to initial values, caused a difference in dispersal rate.

Table 5 Effect of mutation rate with initial agents = 300, average offspring = 10, dispersal
probability = 0.10, pest threshold = 9000, and control intensity = 15 patches. Awg., Disp.,
and Nmbr. denote Average, Dispersal, and Number respectively. Values are the percent change
(4/-) from the baseline (mutation rate = 0.10).

Mutation Rate Avg. Turtles Median Max Min Avg. Disp. Rate Nmbr. Controls

0.00 0.93 0.95 1.91 0.24 -31.70 2.79
0.05 0.05 0.07 0.69 0.41 0.05 0.28
0.10 0.00 0.00 0.00 0.00 0.00 0.00
0.15 -0.15 -0.18  -0.05 -0.58 0.10 -0.84
0.20 -0.08 -0.06 0.17 -1.21 0.37 -0.15
0.25 0.05 0.02 -0.54 -0.05 -1.25 0.22
0.30 -0.06 -0.08 -0.35 -0.8 0.43 -0.15
0.35 -0.12 -0.17  -1.37 0.10 0.52 -0.80
0.40 -0.09 -0.16  -1.20 -1.33 -1.02 -0.33
0.45 -0.32 -0.33  -1.72 -0.10 -0.28 -1.80
0.50 -0.08 -0.10 -1.41 0.01 0.39 -0.57
0.75 -0.19 -0.23  -1.01 -0.61 0.39 -0.87
1.00 -0.06 -0.10  -1.29 -1.01 0.25 -0.39

Average offspring directly impacts the power of agents to recover from a management event.
High reproductive rates stemming from the number of offspring allow agents to quickly repopu-
late despite near-extinction. With low average offspring, populations are unable to recover from
a control regiment and the population crashes. When average offspring are less than nine agent
populations decline and stabilize or completely die off (Table 5). Runs with average offspring
less than three were not able to survive and are not listed here. Similarly many Netlogo errors
occurred with average offspring less than nine and were discounted from the experiment.



As average offspring increases populations should do better up to a point. Since reproduc-
tion is limited to the carrying capacity of a patch, having a high average offspring that exceeds
a carrying capacity will have no real effect. This was not observed with the given parameters

(Table 5).

Table 6 Effect of average offspring with initial agents = 300, dispersal probability = 0.10,
mutation rate = 0.10, pest threshold = 9000, and control intensity = 15 patches. Avg., Disp.,
and Nmbr. denote Average, Dispersal, and Number respectively. Values are the percent change
(4/-) from the baseline (average offspring = 10).

Avg. Offspring Avg. Turtles Median Max Min  Avg. Disp. Rate Nmbr. Controls

4 -96.71 -96.75 -97.22 -60.23 -91.57 -100.00
5 -96.66 -96.67 -97.30 -58.49 -98.41 -100.00
6 -94.87 -94.87  -95.58 -58.19 -94.62 -100.00
7 -77.79 -77.00  -75.10 -54.97 -70.21 -99.78
8 -65.38 -64.00 -61.57 -45.01 -55.64 -96.01
9 -32.60 -32.22  -33.41 -16.52 -19.52 -56.85
10 0.00 0.00 0.00 0.00 0.00 0.00
11 4.41 4.50 6.10 5.29 0.97 16.09
12 8.37 8.49 13.20 12.16 1.25 24.63
13 12.20 12.33 15.78  19.43 0.25 30.05
14 15.06 15.24  21.54  26.82 1.14 32.43
15 17.19 1734 2529 32.86 1.51 33.73

CONCLUSIONS AND EXTENSIONS

For our particular agent population, a time interval control regiment is ineffective: the
current management levels allow agents too much time to recover. A pest threshold control
technique is much better at maintaining low agent populations, albeit it does come at the cost
of more control implementations.

Choosing an optimal control will be agent-specific and depend on the cost of control. De-
pending on intrinsic agent characteristics (average offspring, threat to an environment, etc.)
and extrinsic environmental factors (e.g. risk of dispersal, costs of control), various control
methods will be best. For instance, if agent populations are not severely detrimental to the
environment or the cost of management is high, it may be more beneficial to allow higher agent
populations than to focus on extermination. In our current experiment the optimal control
would most likely fall between a pest control threshold of 8500 to 9500 agents.



Extensions may include making the model spatial with multiple dispersal patterns or imple-
menting a system of payoffs. My agent of study, Asian citrus psyllid, disperses by wind, human
transplantation, and density dependent immigration. Creating a system of costs and benefits
to control would also provide a more realistic setting and make it easier to define an optimal
control technique. One would need a systems of costs of control as well as an agent-dependent
patch costs/benefits: patches yield benefits, but agents can degrade patches reducing patch
payoffs.

The model allows us to begin investigation of how different control regiments may affect a
particular agent population. Further experimentation and modification is required to narrow
down an optimal control path. However, the current model does provide a good basis to draw
insights into the effectiveness of population control methods.
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Appendix A: ODD Protocol

Purpose

The study focuses on the effects of a management control on agent population levels. Various
degrees of control implementation are evaluated order to investigate the tradeoffs between the
effectiveness and number of controls required to maintain low agent population levels. Further,
optimal agent dispersal rates for a particular control combination can also be determined.

This model was modified from a model by Poethke et al. investigating the emergence of op-
timum dispersal rates for local extinction events (2003). Poethke observed the evolution of
stable agent dispersal rates for density-independent environmental catastrophes and density-
dependent environmental fluctuations in population size.

State Variables and Scales

The model involves individual and population level hierarchies for both agents and the patch
environment. Individual agents are characterized by age, sex, affiliation with a patch 4, and four
alleles at different loci p. (density dependent) and py (patch-size dependent) which contribute to
dispersal probability (d). Further, once mating with a male, females may produce A offspring,
A being a Poisson-distributed number with a patch and time specific mean, A;eqn(t,patch).
Lambda is restricted by the patch carrying capacity. The number of agents on a patch plus off-
spring will never be greater than that patch’s carrying capacity. Offspring develop into mature
individuals with a density dependent survival probability s.

All agents are universally affected by dispersal mortality (u), an agent control mechanism,
offspring mortality, and reproductive mutation rate. The mean offspring production of the
population is given by avg-offspring.

Patches are divided into npqsn, habitats, each with its own carrying capacity (K;), agent pop-
ulation size (NNV;), and population density (C;). The average carrying capacity of all patches is
Kinean = 100.

Process Overview and Scheduling

The model progresses in single time steps. For each the following processes occur in order:
management control (if applicable), agent aging, agent death (age = 4), dispersal, dispersal
mortality, reproduction, and offspring mortality. At each timestep, dispersal probability, off-
spring mortality, and patch population size fluctuate in accordance with agent death via control,
age, dispersal, and reproduction. Management control is determined by the user to occur after
a specific number of ticks, when agent populations exceed a set number, or a combination of
the two.
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Design Concepts
Emergence The model exhibits an emergent stable dispersal rate over the course of a run.

Adaptation Agents with the optimum dispersal rate for a given management control combi-
nation will survive longer and produce more offspring than non-optimum agents. As their
genes dominate the gene pool, the overall population will gradually adapt to a given control
mechanism.

Fitness Fitness is determined by agents surviving longer (e.g. avoiding population control)
and producing more offspring. Agents having an optimum dispersal rate for the particular
control technique will have a higher fitness.

Sensing Individuals are assumed to know their own age, sex, and density, and apply those
values to dispersal probability, dispersal, reproduction, and offspring survival probability.

Interaction Two forms of interaction are modeled: direct interaction via male-female repro-
duction, and indirect through density-dependent variables (e.g. dispersal probability).

Observation Trends in population levels and dispersal rate are constantly monitored throughout
the experiment, with the final dispersal rate, average, mean, median, and min/max population
levels being recorded at the end of the 1,000 timestep limit.

Initialization

At initialization, each patch i is assigned a K; taken from the uniform distribution 10 < K; <
190 such that K,eqn = 100. Individual agents are given an age, sex, and a patch affiliation as
well as allele values of p. =1 and pr = 0. Surviving offspring at each timestep are reassigned
pe and pg values according to the mean allele values of their parents or mutation.

Simulations are run under two methods of management control:

e Time Control All populations face an externally determined extinction risk independent
of patch population or capacity. Populations will be randomly destroyed every a give
period (control-interval) and intensity (control-amt).

e Pest Number Control Like the time control regiment, populations are subject to random
extinctions according to overall agent population numbers. Agent threshold is determined
by the user via pest-thrsh. If population numbers exceed the threshold a predetermined
control of control-amt patches will be implemented on the patch environment.
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In both scenarios, dispersal mortality and mutation rate were set to 0.10 with an initial agent
number of 300 and average offspring (avg-offspring) of 10. Control intensity, the number of
patches affected by a control regiment (control-amt), was defaulted to 15.

Input

For each timestep Ayean (t,patch) is drawn from the logarithmic distribution with a user-defined
mean offspring (avg-offspring). However, the number of individuals on a given patch plus their
offspring is limited to the carrying capacity of the particular patch.

Submodels

Dispersal

At each time step, mature individuals (age two and above) disperse in proportion to their in-
dividual dispersal probabilities, d. d is determined by local patch size and density given by:

d— 0 iHfC;, <Cy,orC; =0
T\ 1-ge— R iG> Cp

C; - population density in patch ¢
k; = Kfi - relative carrying capacity of patch ¢

Cin = pcein%’: - patch size dependent threshold density

Dispersal is a density dependent factor. In patches with higher densities, agents will be more
likely to disperse: p. and pj (the genetic component) combined with a low patch carrying ca-
pacity will lead to a smaller patch size dependent threshold density. Dispersal is also assumed
to be global. That is, an agent has the potential to reach any patch except its own with the

_— 1
same probability: (numberofpatches)—1

Reproduction

Once a female interacts with a male, both ages two or above, it is able to produce ¢ offspring.
Each offspring is assigned an age of zero and p. and py values that are the mean allele values
of the parents. However, there is a probability of mutation, leading to the evolution of density
and patch-size dependent dispersal strategies.
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Offspring Mortality
Before offspring develop into mature adults, there is an initial density dependent probability of
mortality (s) given by the equation:

»
I
==

N, - populations size in patch i
K, - carrying capacity in patch @

Like dispersal probability, offspring mortality is density dependent. At higher patch population
sizes and lower patch carrying capacities, there is a much greater chance that an offspring will
not survive.

REFERENCES
Poethke, H. J., Hovestadt, T., Mitesser, O. 2003. Local Extinction and the Evolution of
Dispersal Rates: Causes and Correlations. The American Naturalist 161(4)631-640.

14



1 €¢0°0 G880 8769 LI'GVL 96°09€ LG¥0cel 91101  T0°€EE0T  KE'T0T 19°99¢01 009
4 Gco'0 G80 08°T9 G8'GEL 0€8EE 86°G9TCT 60°00T 6086201 €066 L6°¢9¢01 00v
€ €3¢0°0 G880 97°L9 ¢6'9¢€L 8I'TLE 6¢'¢lcel TG 10T  60°GEE0T  GR'K6 80799201 00€
€ Gco'0 g80 GG'8G PI9IPL 9I'88E 89TLICT LO'SOT <CETPEEOT LG'TII €1°99¢01 0Ge
v €¢0°0 80 98°L¢ €G'9¥L 09°€G€ <COPSICT 7698  0L¢VEOT  €€L8 L6°€LC0T 00¢
9 Gco0 g80 9T'09 G8'0FL G6°08€ <C9L8T¢T 0986  LG'8CEOT  8Y'L6 61°,G¢0T 06T
6 810°0 G880 8769 9T'L¥L 60°L8€ CT'TECCT T9°L8  TL6EE0T  LL°68 2G6799¢01 00T
1T 1¢0°0 980 19799 L0°9€L Gc'cle €L8I¢CT ¢€66 VI TEEOT  GI°66 V¢ LG0T 06
¢l ¥2¢0°0 80 ¥8€9 TT'E€EL €E€COV €¥8CLICT GL'E€6 L86CEOT  66°€6 €8°T4¢0T 08
4! G200 ¥8°0 6¢°69 I8VVPL 9¥'66€ LIPITCT 66°90T 8GEIE0T  LT°901 90°8€c01 0L
91 9¢0°0 ¥8°0 91°'99 LLEVL 1660V F6°E€VICT ¥¢'90T €T1°G0€0T GG LOT ¥ GecoT 09
61 G200 80 ¢I'ey 1¥PvPLl 9099€ 69°98Tcl  0L°L6  €0°GTE0T  9¢'101 G81Ec01 0¢
44 Gco'0 G80 PE'8G  €€°GEL  TLLLE LO'S8ICT 19601 8F'6IE0T 9T°80T 16°G€¢0T 0¥
€€ €¢0°0 980 0699 €cvEL 9V'007 P8Gecel  ¥866  €0°GTE0T  €T'T10I 60°€¢c01 0¢
6% €c0°0 ¥8°0 L6809 66'€€L TI8°0LE €9'88ICT 0086 6676¢0T ¢€COT ¥9°G610T 0¢
66 G200 G880 6¢79 90°06L 697EE €6FIBIT G¢'G0T 6675¢0T 17901 1€°¢€ET0T 0T
S[OIUO0)) “IQUIN [p] weoy UuIy XeIN URTPSIA so[3anT, 8AY  (SYOLT,) [RAIDU]
as as as as as

"SUNI ()GT WOJJ SoSRIOAR oY} oIe Son[eA A[oA1300dSor uoyDId(] PLOPUDLS
pue ‘oquunp ‘ypssadsyq ‘dbviony 9jousp (79 pue ‘uquip “dsyq “bay -soyojyed GT = AJISULUI [OIJUOD pUR ‘(O'() = OIel
uoryeInw ‘O = AjregIowr fesiodsip ‘(07 = Sunidsgo oSeIoAr ‘()¢ = SIULFE [RIIIUL [IIM BIeD [0IJU0D [RAISIUL SWILT, / 2]9D],

vIR(] MRY [0I1U0)) juowadeur]y ¢ Xipuoddy

15



640 7.0 ¢00 80 88°08€ €0°6LTcl G¥L9 T€9EL 6996 TGECEOT 1C86 61°99¢01 000cT

¢8°6 L6°€T ¢00 g80 G0'GEY  L6°T60CT L8'€9 LVIEL 8666 GETVEOT  98°L6 90'89¢0T 000TT
69°1¢ 9G°0LT €00 980 ¢E8EY  L9°0€0CT  0L°99 ¢6°GvL  GI'8Y 8896101  LLLY 1€76001 00S0T
9¢'9¢ €6 107 €00 980 0L°28€ 88'€L6TT GP99 1I8TVL GO'GY  CL'6L86  €CV§ G6°¢486 0000T
LC'6¢ 8G'GLG €00 980 90°¢0v P6'IS8IT G€89 <Cc'IvL GL'C8  86L996  6V'CL 96°6¢€96 0046
€T 0e 1¢vel €00 980 00c0¥ OC'TELTIT TL6% 6V Iv. GEE]8  GF'L0S6  €9°9L 1676976 0006
€EVC 1¢°6€8 ¥0°0 980 crvee  G8'BGITT 8G'69 TI6EL L868  €6'C966 €788 £€8°60€6 0048
g9'91 267026 70°0 ¢80 0€°L¥¢ L6'8EIIT ¢I'6S 98FEL 00901 O0F'G€c6 T1L'101 L9°0816 0008
7L ¥,°0L6 ¥0°0 980 LGTGC CCI8STT 8879 €0°8€L V0601 €ET'1616 ¥¢ GOT 9T°LET6 0042
89°C ¢V'986 700 980 L6'6LC TC6LGIT 86°65 G9'8€EL 00°€CT 6995916 L9611 €6°0016 000.
G0'c 0T°066 ¥0°0 980 vO'Lve  LLCISTT ¢P'€9 99°LvL €9 T1ET  C6'EVI6 67621 €6°1606 0099
6L°T 19°066 ¥0°0 980 81°¢LC LT TVSIT 6L°99 ¥I0VL PLSIT I8°GGI6 I8'QTI LV 1016 0009
91 G6°066 ¥0°0 980 L0°¢€c  G6I8LVIT 6919 6€€EL 67V TIcl 9L 916  G6°8IT L7'v606 0049
el LC'T66 ¥0°0 980 L6°¢vc  LTO6VIT 7009 G9T€L 8LCET C6TVI6 ¥9°LCT 86°L806 000¢
6C'T L9166 ¥0°0 980 8V'0vc  09°L8VIT 69°€9 8ELEL O06'TET  0L°€SI6  99°9¢CT 81°8606 004¥
791 ¢6°166 ¥0°0 980 €8'8¥¢ GOI6VIT 608G L9°GEL €COFPI  T9€EVI6 600V 296806 000%
791 6£°¢66 ¥0°0 980 1€Vce L6°6SVIT 8E'LG 88'8EL 0€FCT €ET'GVI6  6CTCl 08°6806 00¢¢€
G| L9°C66 ¥0°0 980 L&'Lee  T¥8SYIT L8L9 6C°9€L 96°GCT  9TTPI6  ¥9'CCl 97°6806 000¢€
GC'1 L6°€66 700 980 96°T1GC <C9'86VIT L8809 €ETPEL PLTCT 8V0G16 €L°0¢I 9¢°¢606 0002
780 657966 €00 980 66 7EC GCLLVIT Tv¥9 8O8VL 64°¢cl  T€0VI6 9T 8TI 29°¢L06 000T
S[OIYUO ) “IqUIN [p] weoy Uy XeTA] URIPOIN SO[JINT, SAY  PIOYSOIYT,
as as as as as as

"SUNI ()GT U90M)9(| SOSRIDAR O[] IR SoN[RA A[QAI}00dSoI U0V (T PIDPUDIS
pue ‘uoquinp stadsyq ‘9bvisnl 9j0ULD (7§ PUR “uquipn dsyq “bay seypjyed GT = A}SUSIUL [0IJUOD PUR ‘(') = Ojel
uoryeInN ‘()1°() = AjeiIouwt fesiodsip ‘(0] = SuLIdsgo oa8eIvoAR ‘()¢ = SIUaSR [RIIUL YIIM BIRD [0IJUO0D PIOYSAIY) 1S9 § 219D ],

16



¢S€s
01°09
V€8¢
8¢ 0€
¢9'1¢

as

G0'G6¢ Ggeo €€0 191G 89°619 <¢€LLT ¢CV'SCIOl €¢Iy 89°0088  LG'G¥ 96°G898 Ggco
CEVIY 170 .70 I7°65 9€149¢ G¥vle 060096 LEFY ¢G'T¢6L GT'I8 6L°€88L ¢0
vavI9 ¢c0 ¢80 6169 8L'¢R9 L906¢ 9¢°06TIT €€18 PL€EC6 8L 0L €LV616 Gg1'o
89°61.L 700 g8°0 v0'eL ¢8'T1EL VSG¥PE 9€L08IT GG¥8 CR'ISY6  0G°LL V6 1V76 01°0
8¢ 148 ¥0°0 980 COVL CVL98  6L7C0V  V9'Golel 9896 91760001  G9°06 91'6566 00°0
S[OIJUO) “IQUIN [p] weay ury XBIA URTPSIA so[ynT, 8ay  Aypediopy -dsiq
as as as as as

‘(suni 1g AUo Jo pajsIsuod Gg'() = AjeiIouwt [esiodsIp) suni (g jo
o8eIoAR O} oIR SoN[RA "(T'() = A}[RIIOW [eSIdASIp dur[ese( oy} Je() [[BI9Y POPN[OUL j0U dIoM PUR UILI 9} JO PUS oY) [IHUN
s1s10d 09 o[qeun atem suoryemndod JuoSe ¢g () URY} 101RIS SOIRIIOW [eSIOdSIP 1y "A[OAI100dSOI U0V (] PIDPUDIS PUR
Uaquunp ossadsyq ‘9bviaal 930USp (7§ puR “uquipn “dsyq “bay seydyed GT = AJISULUI [0IJUOD PUR ‘())06 = PIOYSOIYY
1sod ‘01°0 = 991 uonenw ‘(7 = Suridspgo o8eIoAR ‘())¢ = SIUSSR [RIIIUI UM ejep sisA[eur Ajreliown [esiodsiq ¢ 2)90]

rYR(] MRY SISARUY ANAINSULG :0) Xipuaddy

17



9¢'1¢ 8¢ TcL 700 98°0 69°L9 VOVEL 66°01¢ 8CO08SIT 19°6L VSL6T6 GELL 020976 00°T

€7°9¢ 06°LTL €00 98°0 IT°6G 00.LEL T¥L8C <V CI9IT  8G'¢6 ¥9°98F6 0098 9¢°L176 GL0
17°9¢ 90°0cL €00 98°0 6865 LG'TVL €T°€EC 00°99SIT F9€L  €ET86T6 €8'TL 67°LGV6 060
0L.°0€ 0C'TTL €00 980 G9'19 ¢LOVL PLO96T 0C6CSIT 19C8  ¥8GLVE6 T 9L 99°GET6 G¥°0
¢8ce 08°TcL 700 G8'0 ¢9'8G ¢9'1€L 0C661 <¢6°06STT G988  €ETCOV6 9€'C8 96°9476 070
€6°¢E 07'8T.L 700 180 €.°6¢ 0c'evl LT'Llege OO0'TLSGIT G916 96°06V6 T1°C8 197476 geo
96°0¢ 01°€cL 700 98°0 6€°€9 ¢¢'GEL T1G°LcE 0L069IT G&'98 0G°6676 9€LL 86476 0€0
10°8€ 08°G¢L 700 g80 18°67 <¢I'TvL O09€IE 8C8IIIT ¥8'60T €€60%6 8E'86 61°0L76 gco
€0°0¢ ¢l'ecs €00 98°0 TL°€9 T9¢EL ¢L66€ €ESTGLIT VEI8  GP10G6 L8TL €9°LG76 020
Gcoe ¢I'STL 700 980 €€'€L 0C'LEL 09°68C <C6TCLIT OLI8 I806V6 L6704 G9°'1476 gro
LV'Ce 87°€cL 700 G8'0 €974 0€GEL €7'99€ PY00LIT TO88 197096 LEEY Y9 7976 010
¢V'Le 0c'9¢cL ¥0°0 98°0 €L T8 997PL G9'8cE  I9T'CIRIT  G9°GL  c0TIS6 67 LL G6°6976 G000
06°¢c 07 vvL €00 640 9G°€G 8CEVL 999¢C¢ 06FS6IT <C9€L  8F'L696 61769 V1°€956 00°0
S[0IYUO)) "IqUIN [p] wesy Uty XBN URIPOIN SO[JINT, SAY  99eYy UOIIRINIA
as as as as as as

"SUNI ()G JO 98RIOAR 9Y) OI€ SoN[RA "()]'() = 99RI UOIIRINUI SUI[aSR( O} JeT) [[ROSY A[PAI}00dSoI U0V (] PIDPUDIS
pue ‘uoquinp; ‘possadsi] ‘obvioay 9jouep (7§ ‘uquip dsyq “bay -seyoyed G = A}SUSUI [0IJUOD PUR ‘())06 = PIOYSOIYI}
1sod ‘01" = Ayeyiown [esiodsip ‘(O = Sunrdspo o8rIoAR ‘()¢ = SJUOSR [RIJIUL LM BIRD SISA[RUR 911 UOLIRININ ()] 9]91]

18



¢L'G 87896 €00 280 VL'8L ¢T'G86  8G'€6S TI®EIVT 18901 GP'9GTTT  €8'101 ¥6°C60TT qT1

768 01656 €00 L8°0 L¢'cL  S8¢0V6  0T'6LG 96°LSCVT  L¥'ecl  S80°9960T  G9'QTI 60°T6S0T 4!
SV LT 08176 €00 980 G6°LL 99°G88  LOTPS  C8I8GET  PO'SRST  8L'6L90T  LOPSI 90°02¢901 ¢I
¢9'¢C 09°¢c06 ¥0°0 L8°0 G099 B89'TE8 ¢P'99¢ RK6'6LCET  9¢'8SGT  9LPICOT  €T°€SIT 8G°LGC0T ¢l
LLEE ¢cL 078 700 280 60°¢9 0L08L €8LLY 0€9%PCT ¢S'6ET  G8TE66  €9°6C1 ¢6°C8%6 11
T10°¢V 09'61L 700 980 6L99 P9LEL 69°9LE  CCGSITT  €9°L0T T¢°867V6 1866 ¥4'CSv6 0T
97°G¥¢ IAAARS 6¢0 690 G0'€9T L6'ST9 O0OT°L6LV 69 TISL ¢9LE6E  LOTPP9  8L'9C6€ G9°6.59 6
G9'80T 88'8¢ 0v'0 8¢°0 GL'GRT €L L0F 1I8'60LY 6L°L0SY €T'9ILE GV'CeVe  €C'EVSe €0°LLCE 8
9¢°G €91 PASN) 920 8L°¢0¢ T16°6¢€¢ ¥9'€866 60°1¢c6c 99'Cclee 00L8IC 6CTIGIE 1.°¢01¢ L
000 000 8T°0 00 IT°6L4 ¢O00T¢ 99°€EECT  8F'8ISG  8P'66¢l 00887y  G0°GcCcl 6L°G87 9
000 000 800 10°0 G6'1S ¢’L0¢  €T'1. LT'91€ ST LT91€ ST'1. FARIRS G
000 000 ¢ae0 200 86'VIT ¢676C  8G'SL 61°9¢¢ 6016 £€¢'60¢ LV'68 9T'11¢ [
S[OIIUO)) “IQUIN [p] weoy ury XeIN URTPOIA so[)nT, SAY PO AV
as as as as as as

"SUNI ()G JO SOBRIDAR dJoM SAO(R PUR US) S[OAI] € SON[RA “POPN[OUL JOU 9IoM UOIJOUIIXS
JuoSe )M SUNI :S[OAS] MO[ Je pojsisiod 10 JsiXo 09 o[qeun Ioyje alom suoljendod jueSe ‘ouru mo[aq s[eao] Suridspgo
afeIoAr 1y ‘(0] = Suridspo o8eIoAr oulEseq oY) 1Y) [[e0Y “A[eArioadsel butidsff() pur ‘UOYDIND(] PLOPUDLS ‘UIQUINAT
Yosuadsy(] ‘obvaoay 9j0usp ffO pue ‘(7S “uquip dsiyq “bay -seyojed g = Ajsuejul [01jU0d pue ‘0006 = pProyseIysy ised
‘0T°0 = 9d%el uoryeinwt ‘O1°() = AJ[eiIow [esI_ASIp ‘()0¢ = SIUeSe [RIJIUL YIIM RIRD SISA[RUR SULIASJO 98RIOAY [] 2)91]

19



