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Samenvatting

Baculovirussen zijn van nature voorkomende pathogenen die insectenpopulaties kunnen reguleren
en worden in de landbouw als biologisch bestrijdingsmiddel gebruikt. Doordat baculovirussen erg
infectieus zijn en in de meeste gevallen specifiek zijn voor slechts enkele insectensoorten vormen
baculovitrussen een milieuvriendelijk alternatief voor chemische bestrijdingsmiddelen. Hoewel
plaaginsecten effectief met baculovirussen bestreden kunnen worden, is de relatief trage werkings-
tijd van deze pathogenen een nadeel ten opzichte van sneller werkende chemische bestrijdings-
middelen. Door middel van genetische modificatie is een aantal baculovirusrecombinanten gemaakt
waarvan de werkingstijd met 25 tot 50% is teruggebracht ten opzichte van niet gemodificeerde
baculovirussen. Er is op dit moment nog niet veel bekend over de effectiviteit van deze recombi-
nanten en is het nog onduidelijk of het gebruik van deze recombinanten wenselijk is.

Een ruimtelijk expliciet model (BACSIM) is ontwikkeld voor de simulatie van de
biologische bestrijding van floridamotlarven met baculovirussen in kaschrysant. BACSIM is
gebaseerd op een gedetailleerde beschrijving van het gedrag en populatie-dynamica van de
floridamot, gewasgroeikarakteristieken van chrysant, virusbesuitingen, de baculovirusinfectie-cyclus
en transmissieroutes. Het model kan gebruikt worden om de populatie-dynamica van S. exigua en
baculovirussen te simuleren onder varierende omstandigheden. Deze informatie kan gebruikt
worden voor de evaluatie van de effectiviteit van baculovirussen en bespuitings-regimes. Bovendien
is kwantitatieve informatie over de populatie-dynamica van genetisch gemodificeerde
baculovirussen relevant voor het inschatten van risico’s bij het gebruik van deze virussen.

Dit rapport geeft een uitgebreide documentatie van het model BACSIM met een
beschrijving van het model, de kwantificering van modelparameters, richtlijnen voor het gebruik van
het model en een complete listing van BACSIM. Het doel van dit rapport is het gebruik van BACSIM
voor andere gebruikers te vergemakkelijken.







Summary

Baculoviruses are naturally occurring insect pathogens that are used as biological control agents in
forestry and agriculture. Their infectivity, specificity and safety to non-target organisms make them
promising candidates to replace chemical insecticides. Although the baculoviruses are in general
effective biological insecticides, their relatively slow speed of kill limit their use in practice. Recently,
recombinant baculoviruses have been constructed with reductions of 25 to 50% in time to kill as
compared to the wild-type viruses. However, little is known about the efficacy of these recombinant
baculoviruses in the field.

A spatially explicit simulation model (BACSIM) has been developed that simulates the
epidemiology and efficacy of baculoviruses in greenhouses. The model is based on a detailed
quantitative description of the behaviour and population dynamics of insects, plant growth
characteristics, spray deposition, the baculovirus infection cycle and transmission routes. The model
can be used to simulate the population dynamics of S. exigua and (genetically modified) baculoviruses
under various conditions. This information can be used for the evaluation of the agricultural
effectiveness of baculoviruses and spraying regimes. In addition, quantitative information of the
population dynamics of genetically modified baculoviruses may be relevant for the assessment of the
risks associated with the release of these baculoviruses in greenhouses.

This report gives a detailed documentation of BACSIM, including a model description, the
quantification of model parameters, practical guidelines for the use of the model and the complete
listing of the model. Objective of the report is to facilitate the use of the model for other users.







1 Introduction

1.1 Objective and outline of the report

Baculoviruses are pathogens that can cause lethal infections in many insect species. In nature they
have large impacts on the dynamics of insect populations, and are used as biological control agents
of insect pests in agriculture and forestry (Moscardi, 1999; Black et al., 1997). There is growing
commercial interest in baculoviruses as biological control agents. They are target-specific and not
harmful for non-target insects, unlike most conventional pesticides. For insect species that have
developed resistance to insecticides, such as the beet armyworm S. exigua, the use of baculoviruses is
one of the few options left for control (Brewer and Tumble, 1989).

A major drawback of the use of baculoviruses as crop protection agents is their high
production costs, relatively slow speed of action, narrow host range and high inactivation rate
compared to chemical insecticides (Moscardi, 1999). Recently, numerous recombinant
baculoviruses have been constructed with improved insecticidal properties (Van Beek and Hughes,
1998). In addition, chemical synergists such as optical brighteners have been developed that
improve baculovirus efficacy as biocontrol agents (Dougherty et al., 1992). The determination of the
commercial potential of new recombinant baculoviruses and formulations involve costly field-testing
programs. In the case of recombinant baculoviruses, these experiments are subject to strong
regulations and require costly facilities and procedures.

Computer simulation of baculovirus applications, insect and baculovirus population
dynamics may be used to assess the agricultural effectiveness of viruses or formulations with
altered insecticidal properties. Computer simulation may be used for the first screening of the
agricultural effectiveness of baculoviruses, as a tool to set up field experiments, and may reduce the
number of field experiments when model simulations are in line with field experiments. In addition,
simulations can assist in the determination of effective spraying regimes of baculoviruses in varying
crop development stages and at different temperatures for cultivation practice (de Moed ef al., 1990;
van der Werf et al., 1991). Finally, simulation models can be used to gain insight in the insect-
baculovirus-crop system and the relative importance of viral characteristics for crop protection
purposes. This knowledge may be used to direct future efforts for genetic modification to obtain
baculoviruses with improved insecticidal characteristics.

This report describes a spatially explicit simulation model that simulates the epidemiology
and spread of baculoviruses in greenhouses. The model is based on a detailed quantitative description
of the population dynamics of insects, plant growth characteristics, spray deposition, the baculovirus
infection cycle and transmission routes. The model can be used to simulate the population dynamics of
S. exigua and (genetically modified) baculoviruses under various conditions. This information can be
used for the evaluation of the agricultural effectiveness of baculoviruses and spraying regimes. In
addition, quantitative information of the population dynamics of genetically modified baculoviruses may
be relevant for the assessment of the risks associated with the release of these baculoviruses in
greenhouses.

The model presented here builds on preliminary concepts presented by de Moed et al.
(1990) and van der Werf et al. (1991). The new model was rebuilt from scratch in order to include an
individual-based treatment of the encounter process between healthy and virus-killed cadavers in
infestation patches, resulting in horizontal virus transmission. Parameters were re-estimated on the
basis of new experimental results, e.g. with respect to the effect of host plant on virus infectivity and
insect development rate.




The objective of the report is to give a detailed documentation of the model BACSIM so
that it can be used properly or further developed by others. In chapter 2 the model concept and the
consequences for the coding are described. Chapter 3 gives a description of the model. Chapter 4
describes the quantification of model parameters. Chapter 5 gives practical guidelines for using the
model and in chapter 6 the model implementation is outlined. The listing of the input files containing
the parameter values are given in Appendix I, acronyms are presented in Appendix Il and the listing
of the model is given in Appendix Ill.

1.2 The insect-pathogen system

1.2.1 Life cycle and development of S. exigua

S. exigua is a lepidopterous species belonging to the family Noctuidae. Originating from Southeast
Asia, S. exigua is reported to be a pest in the USA, Mexico, Spain, Thailand and The Netherlands
(Moscardi, 1999; Kolodny-Hirsch et al., 1993; Alvaraso-Rodriguez, 1987; Cabaliero et al., 1992;
Kolodny-Hirsch et al., 1997; Smits, 1987). In the Netherlands S. exigua occurs in greenhouses
where climatic conditions are favourable and crops are cultivated throughout the year (Smits, 1987).
Here, infestations are mainly found in chrysanthemum and gerbera but recently also in paprika. The
life cycle of S. exigua consists of an egg stage, five larval stages, a pupal stage and an adult stage
(Ali and Gaylor, 1992; Lee et al., 1991a,b; Fye and McAda, 1972). Females of S. exigua deposit
egg batches on the underside of chrysanthemum leaves near the ground, preferably in young crops
{Smits et al., 1986). The first instar larvae are not very mobile and stay near the plant on which the
egg batch was laid. They feed predominantly on the lower leaves. During their larval development
the foraging domain increases and larvae tend to feed on the upper parts of the plants (Smits et al,,
1987). Exclusively the larvae cause host plant injury. The amount of leaf material eaten daily
increases with larval instar: the first three instars contribute only to 5% of the crop injury, while 75%
of the crop injury is caused by the fifth instar larvae (Smits et al., 1987). After the fifth stage the
larvae pupate in the soil. From the pupae new adults emerge. The life cycle parameters, such as
developmental times at different temperatures, fecundity, egg batch size, sex ratio and attrition
(background mortality) rates are well documented in literature (Ali and Gaylor, 1992; Lee et al.
1991a,b; Fye and McAda, 1972).

1.2.2 Dynamics of infection with baculoviruses

Baculoviruses are pathogens that can kill insects. The elementary infectious units of baculoviruses
are nucleocapsids, containing double-stranded DNA (Figure 1). Several nucleocapsids are
enclosed within a membrane and then called virion. The virions are embedded in a protein body,
referred to as a polyhedron. In MNPV’s (multicapsid nucleopolyhedroviruses) multiple virions are
embedded in a polyhedron or occlusion body (Viak, 1993).

The polyhedra are taken up orally by the larvae together with leaf material. After ingestion
the polyhedra dissolve under the alkaline conditions in the midgut. The virions are liberated and
infect the midgut epithelial cells. Virus replication takes place in the nucleus of infected cells. During
infection of S. exigua MNPV (SeMNPV), up to 10° polyhedra can be produced in a single fifth instar
larvae (Smits and Vlak, 1988a). A few days after infection the



Figure 1. Scanning electron micrograph of polyhedra of LAMNPV (a), transmission micrograph of a
polyhedron (b), and schematic representation of a polyhedron (c). (Graphic kindly supplied by Vince D’Amico.)

larvae die and their bodies disintegrate. The body contents of the cadavers containing the
polyhedra are spilled on the plant and soil, and can cause new infections when ingested by
uninfected larvae. The delay between larval infection and death is called virus incubation time and
is strongly affected by temperature. Virus incubation times generally decrease with increasing
temperature (Tuan et al., 1989; Boucias et al, 1980; Stairs, 1978). It is well established that
susceptibility to baculoviruses decrease sharply as larvae age. Lethal doses of first instar larvae to
SeMNPV are several polyhedra, whereas fifth instar larvae are almost resistant to baculoviruses
(Bianchi et al., 2000a; Smits and Vlak, 1988b). Polyhedra can be inactivated by ultra-violet light
(Jaques, 1985; Jones et al., 1993). Polyhedra exposed to direct sunlight can be inactivated within
one day (Ignoffo et al., 1997), but polyhedra can persist for extended periods if they are protected
against UV radiation (McLeod et al., 1982; Evans, 1986). The glass of greenhouses filters UV
radiation, which leads to a reduced virus inactivation in greenhouses compared to the field (Bianchi
et al., 1999).

Infection of the larvae with SeMNPV can take place via three routes. First, larvae can
ingest sprayed polyhedra. If the dose ingested is high enough, the larvae will become lethally
infected and die in a few days, spilling newly produced polyhedra on leaves and soil. The second
transmission route is horizontal transmission. Horizontal transmission is the infection of larvae by
ingestion of polyhedra released from cadavers, and can be seen as an encounter process of larvae
with contaminated leaves. Because of the large number of polyhedra released from the cadavers,
infections caused by horizontal transmission will almost always be lethal. The third route of infection
is vertical transmission, which is the direct transfer of virus from parents to their own offspring. Fifth
instar larvae exposed to polyhedra may become sublethally infected. These larvae develop into
sublethally infected moths, which are able to transmit the virus infection to part of their offspring
(Smits and Vlak, 1988b).







2 Model Concept

2.1 Mixed simulation

Mixed simulation is the simulation of discrete (discontinuous) and continuous processes within one
model (Kettenis, 1990). In BACSIM both continuous processes (e.g. inactivation of polyhedra on
leaves) and discrete processes (e.g. deposition of an egg batch, harvest of chrysanthemums) are
simulated. BACSIM is a spatial model in which locations of cadavers and egg batches are recorded
at the individual level. The bookkeeping of locations is therefore an individual-based process.

The order of calculation in continuous models is given in Figure 2a. These models are
initialised in the initial part and auxiliary variables, rate variables, output and state variables are
calculated in the dynamic part (van Kraalingen, 1995). In BACSIM continuous processes are
simulated according this integration order.

a b Initialization
Initialization ~ post
/ integration
. . . Integrati Driving variables
Integration Driving variables gration rving
. Terminal
Terminal
. . time = ti calculation
time = time +delt Rate calculation: ! ime +delt Rate on
u
Output Output
Figure 2. Integration order in continuous models (a) and mixed continuous/discrete models (b).

The regular integration order of continuous processes cannot be used for the simulation of discrete
processes because for discrete processes new state variables have to be initialised in the dynamic
part of the simulation model. This can be illustrated by the following three examples. When a female
moth deposits an egg batch, a new patch is initiated. For this new patch the egg batch size should
be initialised during the dynamic integration part. A second example is the harvest of
chrysanthemums. If a bed of chrysanthemums is harvested and a new bed is planted in its place,
the LAI of the new bed has to be initialised, while patches, cadavers and sprayed polyhedra on the
harvested crop have to be removed. This means that numbers of eggs, larvae, etc within all patches
in the harvested bed have to be reset during the dynamic integration part. A third example is a
calculation of a shift in a boxcar train (Goudriaan and van Roermund, 1993). As soon as the cyclic
development stage exceeds a certain value, boxcar contents are shifted to the next boxcar,
resulting in adjusted distribution of boxcar contents over the boxcars. In all three examples states
variables have to be updated for a discrete event during the dynamic integration part.

This updating of states by discrete events can best be done immediately after the
completion of the integration step. Thus, for the simulation of discrete events and bookkeeping an
additional calculation step is introduced. In this step, discrete events such as state variable shifting
within boxcars, harvests of chrysanthemum beds and the caterpillars in them and the initialisation of
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egg batches can be simulated, and the bookkeeping can be done. The post integration step is
carried out after the integration of state variables because the discontinuous events are triggered by
values of state variables, and before the rate calculations because the rates are determined by the
(updated) state variables. The integration order of mixed models in the dynamic part is thus:
calculation of auxiliary variables, rate variables, output, integration of state variables and discrete
events (Figure 2b)

2.2 Modelling different levels of spatial detail

Spatial processes play an important role in the epidemiology of S. exigua and baculoviruses. For
example, the location of cadavers relative to patches with susceptible larvae is important for the
horizontal transmission process. When a cadaver is located in the foraging domain of larvae, the
larvae may become infected by feeding from a contaminated leaf. However, not all spatial
processes are important. A less important spatial process is, for example, the location of pupae in
the greenhouse developing in moths. The location of the pupae has no direct effect on the infection
process or population dynamics of the insect.

In BACSIM spatial processes are simulated at four scales of spatial detail: the greenhouse
scale, the bed scale, the patch scale and leaf scale (Table 1). The population pupae and moths is
simulated on a greenhouse scale; further detail of spatial distribution is not necessary. The density
of sprayed polyhedra is simulated at a bed scale. Each chrysanthemum bed (plants with the same
age) has a specific polyhedra distribution over the leaf layers after a virus application. The eggs and
larval populations are simulated at a patch scale. The development of the larvae within different
patches is simulated separately. Per patch the location of the plant on which the egg batch is
deposited and the five larval foraging domains are stored. Further spatial detail is introduced by
assuming that larvae of specific larval instars spend different times in three canopy layers. The
location of cadavers is simulated at a leaf scale. The dying locations (leaves) of infected larvae are
drawn from a uniform distribution over their foraging domain. For further details on cadaver
allocation see sections 4.3.3. and 6.3.

Table. 1 Four levels of spatial detail in BACSIM

Spatial level Process
Greenhouse Development of pupae and moths
Bed Crop growth (LAl and number of leaves),
Density profile of spayed polyhedra
Patch Development of eggs and larvae,
Infection processes
Leaf Allocation of cadavers
2.3 Modelling discrete events in time

BACSIM is a spatially explicit simulation model. When larvae die as a result of baculovirus infection,
these cadavers have to be assigned to specific leaves that will be contaminated. Therefore, insect
development and mortality has to be simulated in a discrete fashion. If insect development was
simulated in a continuous fashion, a non-discrete number of cadavers might have to be assigned to
leaves. However, it is impossible to assign, for example, 0.23 cadaver to a leaf. Therefore, insect



11

development is simulated in a discrete way. For this purpose a fractional integer boxcar train has
been developed that expresses boxcar contents and rates (differences) as integers. Results of the
fractional integer boxcar train converge for high numbers within the boxcar to those for fractional
boxcar trains, but the simulated dynamics deviate in a random fashion from the ordinary fractional
boxcar as population numbers become smaller.

2.4 Stochasticity

BACSIM contains stochastic elements. The following processes are simulated using a random
generator: mating of sublethally infected and uninfected moths, the simulation of egg batch sizes
and their location in the crop, the number of contaminated eggs in egg batches laid by sublethally
infected moths, the location of cadavers in the crop and the rounding off of population numbers to
discrete numbers during insect development in the fractional integer boxcar trains.
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3 Model description

3.1 Greenhouse description and crop growth

The greenhouse is considered as a closed compartment with plants in growing beds. Each bed
consists of plants of the same age and plant characteristics. The crop in each bed is characterised
by leaf area index (LAI) and number of leaves per plant. The growth of the LAl and number of
leaves per plant are described as logistic growth curves which start with an initial LAl and number of
leaves of newly planted cuttings:

LAI = LAIO + (LAImax -LAIOY/(1+e-rgr X (t-m)) (1)

where LAl is the initial LAI, LAl is the maximum LAl rgr is the relative growth rate of the LA, tis
the time and m is the inflection point of the curve. No effects of radiation or temperature are
incorporated in the crop model. All plants are divided into a number of LAl strata. At planting,
chrysanthemums consist of 3 LAl strata, whereas full-grown chrysanthemums have 60 LAl strata.
The thickness of a LAl stratum is calculated as the maximum LAI (7.0 m? m™) divided by 60, i.e.
each LAI stratum represents 7.0/60 m> m”. The LAl strata are clustered into an upper, middle and
lower canopy layer. Each canopy layer contains (approximately) one-third of the actual LAl strata
(Figure 3). The LAl strata are used to store information of the densities sprayed polyhedra, whereas
the canopy layers are used to account for the foraging behaviour of the different larval instars. The
beds are harvested when a certain LAl is reached. New cuttings are planted immediately after
harvest.

model rea“ty
LAl stratum {
~ CL1
> CL2
s CL3
polyhedra
average .
polyhedra density
density per

canopy layer

Figure 3. Schematic representation of a chrysanthemum crop divided into LAl strata and canopy
layers (CL).
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3.2 Development of S. exigua

S. exigua passes several stages during its development from egg to adult. The development,
variation in development (dispersion) and attrition (mortality by any cause except baculovirus
infection) is simulated using the fractional integer boxcar train. This is an adapted version of the
fractional boxcar train described by Goudriaan and Van Roermund (1993). In fractional boxcar
trains the total development duration of one stage is divided into a number of classes or boxcars,
each representing a constant proportion of development time. Development is simulated by shifting
a fraction of the population in each boxcar to the next after a certain time interval. The time between
shifts and the fraction shifted is determined by the development rate, the number of boxcars and the
relative dispersion in development time that is to be simulated. Attrition is simulated by removing
individuals from the boxcar train. At the end of a boxcar train, individuals can be shifted to a
subsequent boxcar train, representing the next development stage.

The relational diagram of the life cycle of S. exigua is presented in Figure 4. S. exigua has
an egg stage, five larval stages, a pupal stage and an adult stage. All stages have specific
development times, dispersion and attrition rates that are affected by temperature (Lee et al.,
1991a; Fye and McAda, 1972). Each stage is described by a fractional integer boxcar train. The
development of third, fourth and fifth instar larvae is simulated in two parallel boxcar trains for
relatively susceptible and resistant larval sub-populations (see section 3.6). Half of the second
instar larvae develops in relatively susceptible third instar larvae whereas the other half develops in
relatively resistant third instar larvae. Relative susceptible third instar larvae remain susceptible in
the following larval instars. All stages have 4 boxcars, except for the adult stages that have 2
boxcars. The input data for the boxcar train of each stage are development rate and standard
deviation as function of temperature of that stage, as well as the relative attrition rate. The fraction
of larvae that develops normally are shifted to the boxcar train of the next stage, a fraction may die
by attrition and a fraction may become infected.

For each patch another set of boxcar trains simulates the development and attrition of
eggs and larvae. Larvae that become infected are transferred from the boxcar trains of uninfected
larvae to the boxcar trains for infected larvae. A fraction of infected larvae may die by attrition and
the rest develops into infectious cadavers. Bodies of infected larvae that die by attrition are not
considered infectious. The delay between infection and death of virus-killed larvae is the virus'
speed of action. The virus’ speed of action is affected by temperature and may differ for different
larval instars. The mean time to kill of a virus and its standard deviation, both as function of
temperature, are input data for the boxcar trains for infected larvae.

For each patch another set of boxcar trains simulates the development and attrition of
eggs and larvae. Larvae that become infected are transferred from the boxcar trains of uninfected
larvae to the boxcar trains for infected larvae. A fraction of infected larvae may die by attrition and
the rest develops into infectious cadavers. Bodies of infected larvae that die by attrition are not
considered infectious. The delay between infection and death of virus-killed larvae is the virus'
speed of action. The virus’ speed of action is affected by temperature and may differ for different
larval instars. The mean time to kill of a virus and its standard deviation, both as function of
temperature, are input data for the boxcar trains for infected larvae.

Uninfected L4 larvae that develop normally are shifted to a boxcar train that simulates the
development of L5 larvae. A fraction of L5 larvae develops into pupae, whereas other fractions may
die by attrition, or may become lethally or sublethally infected. The development of insects in these
various stages are simulated in sets of boxcar trains for uninfected pupae, lethally infected L5
larvae, sublethally infected L5 larvae and sublethally
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infected pupae. The sex ratio determines the fraction pupae that develop into male or female
moths, respectively. It is assumed that there are always enough males to fertilize all females.
Fertilized female moths deposit a fixed number of egg batches that vary in size. The number of
eggs per egg batch is drawn from a negative binomial distribution with a mean of 34.2 eggs per egg
batch and a dispersion parameter of 2.89 (derived from Smits et al., 1986). From these egg batches
new clusters of larvae develop that feed on the crop.

3.3 Spatial distribution of S. exigua

Female moths have a preference for oviposition on young plants. The egg batches are deposited
randomly in chrysanthemum beds that have an LAl lower than 3.5 (derived from Smits et al., 1986).
When no chrysanthemum beds with an LAl below 3.5 are available, the egg batches are deposited
randomly over all available beds. Egg batches are always deposited in the lowest canopy layer.
The locations of egg batches in the crop are recorded during simulation using the index number of
bed, row and the index number of the plant in the row. From egg batches new patches will develop,
characterized by the co-ordinates of the plant on which the eggs were laid. The foraging domain of
each larval instar consists of a fixed number of plants, and the borders are characterized by a
number of plants north, west, south and east of the plant on which the eggs were laid. Hence, the
larval foraging domains have a rectangular shape. The foraging domain of each instar includes the
foraging domain of the preceding instar. The spatial distribution of patches in the crop will be used
for the simulation of horizontal transmission.

Larval preference for the upper, middle or lower canopy layers is simulated by allocating
fractions of residence time of specific larval instars over the three canopy layers of the plants in
their foraging domains (Smits et al., 1987). L1 and L2 larvae forage mainly in the lower and middle
canopy layers, whereas the later instar larvae forage mainly in the middle and upper canopy layers.
The individual foraging behaviour of the larvae is not simulated and the larvae are assumed to be
distributed homogeneously within each canopy layer.

3.4 Spray deposition

The model simulates the deposition of baculovirus over canopy depth for greenhouse
chrysanthemum crops that are sprayed from the top. The simulated polyhedra density on Ieaves
after baculovirus applications decreases from top to bottom of the plants. Leaves are assumed to
intercept the same fraction of incoming polyhedra in each LAl stratum (equivalent to 7.0/60 m* m™).
The number of intercepted polyhedra per LAl stratum can be calculated as the number of incoming
polyhedra at the top of the LAl stratum minus the number of outgoing polyhedra at the bottom of the
LAl stratum. The number of outgoing polyhedra is equal to the number of incoming polyhedra in the
next lower LAl stratum. This results in an exponential polyhedra interception profile, which is
characterized by an extinction factor k (Figure 3). The intercepted polyhedra of a LAl stratum after a
virus application are added to the polyhedra, which were still present from previous applications.
The number of intercepted polyhedra per LAl stratum is converted to a mean density of sprayed
polyhedra per canopy layer to caiculate horizontal transmission.
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3.5 Inactivation of polyhedra

Polyhedra that are sprayed on the crop are inactivated by UV radiation. Polyhedra have exponential
inactivation profiles over time, hence inactivation of sprayed polyhedra can be simulated by
assuming a constant relative inactivation rate and a residual number of inactivated polyhedra,
which are assumed to be resistant to inactivation (Bianchi et al., 1999):

PIB = PIB, + (PIB(-PIB,) X € (crir x 1) )

where PIB is the density of infectious polyhedra, PIB, is the initial density infectious of polyhedra,
PIB. is the density of residual infectious polyhedra, rir is the relative polyhedra inactivation rate
and t is time. Infected larvae that turn into cadavers spill polyhedra on the leaves. These polyhedra
are assumed to be inactivated in the same fashion as sprayed polyhedra.

3.6 Infection by ingestion of sprayed polyhedra

Larvae may become infected after ingestion of polyhedra. The relationship between the dose of
ingested polyhedra dose and larval mortality is described with the exponential model (Peto, 1953;
Hughes et al., 1984). This model assumes that each ingested polyhedron has the same infection
chance of causing a lethal infection (p) and that all larvae are equally susceptible to the virus. The
exponential model can be noted as:

M=1-(-p" 3)

where M is the fraction mortality, p is the infection chance per ingested polyhedron and n is the
polyhedra dose. Since larvae become more resistant to baculovirus infections in their later instars,
each instar has a specific infection chance per ingested polyhedron. Populations of third, fourth and
fifth instar S. exigua larvae generally show variation in susceptibility against baculoviruses, which is
reflected in reduced slopes of dose-mortality relationships (Bianchi et al., 2000a). Therefore, the
development of third, fourth and fifth instar larvae is simulated in two parallel boxcar trains for
relatively susceptible and resistant sub-populations of equal size. Each sub-population has a
specific infection chance per ingested polyhedron. The infection chance per ingested polyhedron for
susceptible and resistant sub-populations is determined by fitting the double exponential model
(Equation 4) to results of dose-mortality bioassays.

M=1-0.5x(1-p) "~ 0.5 x (1-p) " )

where M is the fraction mortality, ps is the infection chance per ingested polyhedron for the
susceptible sub-population, p, is the infection chance per ingested polyhedron for the resistant sub-
population and n is the polyhedron dose.

The number of larvae that will be infected by ingestion of sprayed polyhedra in a patch
can be calculated by the multiplication of the number of larvae that are in a particular instar and the
relative infection rate by ingestion of sprayed polyhedra for that instar. The relative infection rate by
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ingestion of sprayed polyhedra (rs, d") depends on the leaf consumption rate of the larvae (C, cm®
d'1), the polyhedra density (PD) in the canopy layer (cm'z) and the infection chance per ingested
polyhedron (p) for each instar. The relative infection rate by sprayed polyhedra for a specific larval
instar can then be calculated from:

r,=CxPD xp (5)

where r; is the relative infection rate by ingestion of sprayed polyhedra (d™"), C the leaf consumption
rate (cm® d™"), PD the polyhedra density (cm?) and p the infection chance per ingested polyhedron
for that larval instar (-).

3.7 Infection by horizontal transmission

Horizontal transmission is the infection of uninfected larvae by ingestion of polyhedra spread by |
cadavers, which is basically an encounter process between foraging larvae with contaminated
leaves. The location of cadavers spreading polyhedra are simulated at the leaf scale, and this is |
used to calculate the relative rate of infection by horizontal transmission of larvae foraging in
patches, ty. The relative infection rate by horizontal transmission is the same as the probability per
unit time that a larva consumes part of a contaminated leaf. Each infected cadaver is assumed to
contaminate a whole leaf with a lethal dose of polyhedra.

For each patch, the fraction contaminated leaves in the foraging domains of each larval
instar are calculated on the basis of the co-ordinates of cadavers, the number of plants in the
foraging domain and the number of leaves per plant. The relative infection rate by horizontal
transmission per larval instar is determined by the fraction of contaminated leaves in the larval
foraging domain and the number of leaf visits per day of the larvae. The relative infection rate by
horizontal transmission can thus be calculated as:

e = At x (1= (1 - HV =AY (6)

where 1, is the relative infection rate by horizontal transmission (d™), At the time step of integration
(d), fthe fraction of contaminated leaves in the larval foraging domain (-) and LV the number of leaf
visits per day (d™).

3.8 Infection by vertical transmission

Vertical transmission is the direct transfer of virus from sublethally infected moths to their own
offspring. Fifth instar larvae exposed to polyhedra may become sublethally infected. These larvae
develop into sublethally infected moths, which are able to transmit the virus infection to part of their
offspring (Bianchi et al., 2001a; Smits and Vlak, 1988b), most likely by contamination of egg
batches. Uninfected and sublethally infected female moths are assumed to have no mating
preference for uninfected or sublethally infected male moths. Assuming that female moths mate
only once and males mate as often as is needed to fertilize all females, the chance of an uninfected
female mating with a sublethally infected male is equal to the proportion of sublethally infected
males. Both sublethally infected female moths and uninfected female moths that mated with a
sublethally infected male are assumed to be able to deposit contaminated egg batches. Not all egg
batches from these female moths are contaminated. In a study of Bianchi et al. (2001a) using
sublethally SeMNPYV infected S. exigua moths, 70% of the egg batches were virus free, whereas
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the remaining 30% included at least one contaminated egg. Egg batches containing forty eggs or
more generally gave rise to high fractions of contaminated eggs. In contrast, egg batches
containing less than forty eggs seldom gave rise to contaminated eggs, and if these egg batches
contained contaminated eggs, the contaminated eggs only constituted a small fraction of the total
number of eggs. Vertical transmission is simulated using a critical egg batch size that determines
whether an egg batch is large or small, and large and small egg batches are assumed to have a
different chance to contain at ieast one contaminated egg. The number of contaminated eggs in
small and large contaminated egg batches is drawn from a uniform distribution, and both type of
egg batches have specific maximal fractions of contaminated eggs per egg batch. Contaminated
eggs develop into infected L1 larvae, which can transmit the virus horizontally when they turn into
cadavers.

3.9 Crop injury

Two indicator variables are calculated to express crop injury by S. exigua larvae. One is the area
foliage consumed and the second is the number of damaged plants. The area foliage consumption
in the greenhouse is calculated as the sum of the daily foliage consumption (C, m? d'1) in all
patches. The foliage consumption of infected larvae is determined by the instar in which the larvae
become infected and the incubation time of the virus. As a consequence, larvae infected with a fast
killing virus will feed less than larvae infected with a slower killing virus.

The rate at which S. exigua larvae infest chrysanthemum plants is derived from the larval
leaf visit rate (LV, d”') and the larval foraging domains. The plant visit rate for each larval instar is
calculated as a fraction of the larval leaf visit rate. Larvae are assumed to injure plants within the
foraging domain of their instar and have no preference for feeding on intact or damaged plants. The
plant damage caused by infected larvae is determined by instar in which the larvae become
infected and the incubation time of the virus. Larvae infected with a fast killing virus will infest a
smaller number of plants than larvae infected with a slower killing virus.
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4 Model parameterisation
4.1 Crop development
4.1.1 LAl increment of chrysanthemum

LAl increment of greenhouse chrysanthemum (cultivar Cassa) was studied by Heuvelink and Lee
(1998). The LAl increment of chrysanthemum can well be described by a logistic curve. The
measured LAl increment and the fitted logistic curve is shown in Figure 5.

7

LAl (m2/m2)

0 4 , t .
0 20 40 60 80
Time (days)
Figure 5. Measured and fitted LAl increment of greenhouse chrysanthemum.

In Equation 7 the logistic function that is fitted to the chrysanthemum LAl increment data is given.
The fitted parameter values are presented in Table 2.

LAI = LAl + (LALpy, -LAL)/(1+e™ X ™) (7)

Table 2. Parameter values of fitted logistic LAl increment curve

Symbol  Value Unit Acronym Description

LAl 0.29 m’m?  LAIO Initial LAI

LAlmax  7.01 m’m?  LAIMAX Maximal LAI

rgr 0.1287 d’ RGRLAI Relative growth rate of LAl

m 33.86 d DAPLAI50 Days after planting when inflection

point of logistic curve is reached
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41.2 Leaves increment of chrysanthemum

The increment of the number of leaves in greenhouse chrysanthemum is also based on the study of
Heuvelink and Lee (1998). The increase of the number of leaves over time during the growth of the
crop can be described by a logistic curve as well. The measured number of leaves per plant and
the fitted curve is shown in Figure 6.
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Figure 6. Measured and fitted leaves per plant increment of greenhouse chrysanthemum.

In Equation 8 the logistic function that is fitted to the chrysanthemum leaves per plant increment
data is given. The fitted parameter values are presented in Table 3.

LPP = LPP() + (LPPmax 'LPP())/( 1+e-l‘g1‘ X (t‘m)) (8)

Table 3. Parameter values of fitted logistic leaves per plant increment curve

Symbol  Value Unit Acronym Description

LPPo 6.35 - LPPO Initial number of leaves per plant
LPPmax  34.91 - LPPMAX Maximal number of leaves per plant
rgr 0.0998 d 'RGRLPP Relative growth rate of leaves per plant
m 30.58 d DAPLPP50 Days after planting when inflection

point of logistic curve is reached
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4.1.3 Chrysanthemum LAI at harvest

In Dutch cultivation practice chrysanthemums are harvested eight to ten weeks after planting,
depending on the season. In spring and summer, when S. exigua is a pest, chrysanthemums are
generally harvested around eight weeks after planting. The LAl at harvest according to Equation 1
will then be approximately 6.8. Therefore, the parameter that defines chrysanthemum LAl at
harvest, LAIHARYV, is set to 6.8.

4.1.4 Preference of S. exigua for egg batch deposition

Smits et al. (1986) reported that S. exigua females have a preference for young chrysanthemum
crops for egg batch deposition. The maximal LAl that is still preferred for egg deposition (LAIPREF)
is estimated from these data and is set to 3.5. This LAl corresponds to a chrysanthemum height of
approximately 40 cm.

415 Extinction coefficient of spray in chrysanthemum

The extinction coefficient that characterizes the polyhedra interception profile within the
chrysanthemum canopy depends on crop characteristics and the application technique. The
extinction factor of an AZO pressure air hand sprayer (4 atmosphere) with four Birchmeier helicon
safrei nozzles no. 120 in a 4 and 8 weeks old greenhouse chrysanthemum crop have been
determined (Bianchi, unpublished data). The extinction factors in a 4 weeks old crop (LAl = 3.7) and
8 weeks old crop (LAI = 7.3) were 0.87 and 0.80 (m°m™)™, respectively. The value for the extinction
factor (K) is set to 0.80.

4.2 Development of S. exigua

4.2.1 Developmental rates of S. exigua

S. exigua bionomics have been studied by Fye and McAda (1972) and Lee et al. (1991a). In both
studies insects were reared on artificial diet at four temperatures. For each development stage the
developmental times and their standard deviation were recorded. In Table 4 development times and
their standard deviation, as reported by Fye and McAda (1972), are presented. The dataset of Fye
and McAda (1972) is selected because the temperature range of this study has the best
correspondence with the temperature range in greenhouses for the Dutch situation. The threshold
temperature for development of S. exigua is approximately 14°C (Ali and Gaylor, 1992; Lee et al.,
1991a). The standard pafameter set for S. exigua developmental rates (DVR) and standard
deviation of S. exigua deveiopmental rates (SD) can be found in Appendix I.
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Table 4. S. exigua development times and standard deviation at four temperatures (Fye and McAda, 1972).

Temperature

Stage 20°C 25°C 30°C 33°C

Egg 5.6 +0.7 29 +0.5 2.0 +0.5 1.8 +0.1
L1 3.6 +0.5 3.2 +0.5 2.6 +0.5 2.0 +0.0
L2 2.9 +0.5 1.9 +0.5 1.5 +0.5 1.2 +0.5
L3 2.8 +0.7 1.7 205 1.2 +0.4 1.2 +0.3
L4 3.3 +0.6 2.1 +0.6 1.5 +0.6 1.3 +0.5
L5 6.1 +0.9 4.1 +09 31 +0.7 25 +0.6
pupae 10.4 +1.2 7.7 +1.2 5.1 +0.6 5.1 +0.6
adult 11.0 +5.0 11.0 +3.0 11.0 +3.0 9.0 +5.0
egg batch 3.5 +0.6 3.3 +1.6 3.8 +0.8 3.6 +1.0
422 Conversion factor for S. exigua developmental rates from

artificial diet to chrysanthemum |

The larval development of S. exigua is affected by the food source. Bianchi et al. (2001b) studied
the developmental rates of S. exigua populations in chrysanthemum in a greenhouse. Developmen-
tal rates in chrysanthemum were 36% lower than what could be expected from the developmental
rates reported by Fye and McAda (1972) of S. exigua larvae that were reared on artificial diet.
Therefore, developmental rates of larvae reared on artificial diet are converted to developmental
rates of larvae reared on chrysanthemum by the incorporation of a conversion factor CFDVR of
0.64 ((100-36)/100).

4.2.3 Attrition rates of S. exigua

Smits et al. (1987) estimated that 50% of first instar larvae died by attrition in the first instar and that
attrition during the following larval stages was low in greenhouse chrysanthemum. Bianchi et al.
(2001b) studied attrition of populations of S. exigua larvae in chrysanthemum in a greenhouse
(Table 5). Overall survival from the first to the fifth instar was 40%. This finding corresponds with
another study of Bianchi et al. (2001a) in greenhouse chrysanthemum in which the overall survival
from the first to the fifth instar was 43%. The data in Table 5 are used in the model, unless experiment
-specific information is available, e.g. in the case of validation trials (Bianchi et al., 2000b; 2001c).

Table 5. Fraction survival of S. exigua per larval instar in greenhouse chrysanthemum

Stage Fraction survival Acronym

L1 0.60 FSURVL1
L2 0.80 FSURVL2
L3 0.88 FSURVL3
L4 0.95 FSURVL4

L5 1.0 FSURVL5
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4.2.4 Consumption rates of S. exigua

Larval consumption values of S. exigua on greenhouse chrysanthemum were determined by
Bianchi (unpublished data). In Table 6 foliage consumption during the five larval stages are
presented.

Table 6. Total foliage consumption (cm®) per instar of S. exigua in chrysanthemum.

Stage Uninfected larvae
L1 0.12

L2 0.32

L3 1.2

L4 8.2

L5 20"

' Parameters are not based on direct measurements.

4.2.5 Sex ratio of S. exigua

The sex ratios of S. exigua were studied by Lee et al. (1991a), Griswold and Tumble (1985) and
Steiner (1936). There is some variation in sex ratios among these studies, but an overall sex ratio
of 0.5 appears to be representative (Table 7). Therefore, the parameter that defines S. exigua sex
_ ratio, SEXRAT, is set to 0.5. '

Table 7.  S. exigua sex ratio.

Medium Temperature Sex ratio . Source

Artificial diet 20 0.5 Lee etal, 1991a

Artificial diet 25 0.44 Lee etal., 1991a

Artificial diet 30 0.44 Lee et al.,, 1991a

Celery 17 0.66 Griswold and Tumble, 1985
Celery 17 0.60 Griswold and Tumble, 1985
Artificial diet 25 0.38 Steiner, 1936

Artificial diet 25 0.45 Steiner, 1936
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4.2.6 Egg batch size of S. exigua

The number of eggs per egg batch was studied by Smits et al. (1986). S. exigua moths were
allowed to mate and deposit egg batches in a greenhouse chrysanthemum crop. The number,
location and size of egg batches were recorded. The cumulative frequency distribution of the egg
batch size can be characterized with a negative binomial distribution with = 34.2 and k =2.89. In
Figure 7 the observed and fitted frequency distribution of S. exigua egg batch size is given. In
BACSIM this function is characterized by the arrays X and FX and is used to simulate egg batch
size.
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Figure 7. Observed (thin line) and fitted frequency distribution of S. exigua egg batch size (thick line).

4.2.7 Number of egg batches deposited by S. exigua

The average number of egg batches deposited per female S. exigua is derived from studies on S.
exigua fecundity and the mean size of egg batches deposited by S. exigua moths in greenhouse
chrysanthemum (Smits et al., 1986). Typical values for fecundity are 400-500 eggs per female, but
fecundity can vary considerable, ranging from 200 to 1500 eggs per female (Lee et al., 1991a;
Hanna et al., 1977; Ismail et al., 1976; Fye and McAda, 1972; Steiner 1936). The mean egg batch
size found by Smits et al. (1986) was 35 eggs per egg batch and assuming a mean fecundity of
approximately 450 eggs per female moth, the mean number of egg batches deposited per female
will be 13. Therefore, the parameter that defines the number of egg batches deposited per female
S. exigua, IBATNR, is set to 13.
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4.3 Spatial distribution of S. exigua

4.3.1 Foraging domains of S. exigua larvae

The foraging behaviour of S. exigua larvae in greenhouse chrysanthemum was investigated by
Smits et al. (1987). In 30 cm and 60 cm high greenhouse chrysanthemum crops, the number of
injured plants were recorded during the development of S. exigua larvae from the first until the fifth
instar. Since not all plants in the foraging domains were injured, it is assumed that the larval
foraging domains cover an area of 1.5 times the number of injured plants (Smits, unpublished data).
In Table 8 the mean number of injured plants in larval foraging domains and the estimated number
of plants in the larval foraging domains are presented.

Table 8. Mean number of injured plants in the foraging domains of S. exigua larvae and the estimated
number of plants in the foraging domains of S. exigua larvae in greenhouse chrysanthemum.

Stage Injured plants Foraging domain (plants)
L1 6 9

L2 20 30

L3 30 45

L4 50 75

L5 70 105

It is further assumed that the larval foraging domains have a rectangular shape. The shape of the
larval foraging domain is defined by the IHORDIST array. The first line contains the numbers of
plants that L1 larvae colonize to the west, east, north and south of the plant on which the egg batch
was deposited. The second line gives the same information for L2 larvae, and so on. Foraging
domains of later larval stages overlap the foraging domains of earlier stages. The IHORDIST array
is given:

IHORDIST = 1,1,1,1,

2,3,2,2,

3,3,2,3,

4,43,4,

4,455
This parameterisation of IHORDIST approximates the number of plants per larval foraging domain
given in Table 9. The number of plants per larval foraging domain is 9, 30, 42, 72 and 99 plants for
first to fifth instar S. exigua larvae. The shape of the foraging domain is not influential in the
simulations because no clustering within the domains is accounted for.

4.3.2 Distribution of S. exigua larvae over canopy layers

The distribution of S. exigua larvae over the three canopy layers was studied by Smits et al. (1987).
First instar larvae were mainly distributed in the lowest and middle canopy layers whereas fifth
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instar larvae were mainly distributed over the middie and top canopy layers. The distribution of
residence time by S. exigua larvae over the canopy layers is characterized by the VERTDIST array.
The first line contains the fraction of time spend by L1 larvae in the lowest, middle and upper
canopy layer, the second line the fraction of time spend by L2 larvae in the lowest, middile and
upper canopy layer, and so on.

VERTDIST = 0.5, 0.25, 0.25,
0.5, 0.25, 0.25,
0.17,0.33,0.5,
0.17,0.33,0.5,
0.17,0.33,0.5

4.3.3 Action radii of infected S. exigua larvae

S. exigua larvae that become infected by horizontal transmission will die in the neighbourhood of ’
the contaminated leaf that was the source of infection. The action radius per larval instar, f
expressed in number of plants, is defined by the parameters IACTRADL1 to IACTRADLS. The |
parameter values for L1 to L5 are rough estimates derived from the larval leaf visit rates. |

IACTRADL1 =1
IACTRADL2 =2
IACTRADL3 =2
IACTRADL4 = 3
IACTRADL5 =2

The dying locations of infected larvae that are infected by horizontal transmission are drawn
randomly from the plants that are located within the action radius of the larvae. However, larvae will
always die within the foraging domain of their instar.

4.4 Virus dynamics

4.4.1 Polyhedral inactivation of AcCMNPV and SeMNPV

Polyhedral inactivation of ACMNPV on greenhouse chrysanthemum was studied by Bianchi et al.
(1999). Polyhedron inactivation curves could best be described by a model that distinguishes two
fractions of polyhedra: a residual fraction of infectious polyhedra that is not inactivated and a
fraction of infectious polyhedra that is inactivated in an exponential fashion. In Equation 9 the
polyhedron inactivation function is given:

PIB = PIByc; + (PIBy-PIB,) x ¢ “ )

The inactivation curve of SeMNPYV is derived according to the same procedure as that of ACMNPV
(Bianchi et al., 1999). In Figure 8 the measured and simulated inactivation are presented. The
parameters of AcMNPV and SeMNPV are given in Table 9.
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Table 9. Residual density infectious polyhedra (m"2 leaf) and relative polyhedra inactivation rate (d”) of
AcMNPV and SeMNPYV on greenhouse chrysanthemum.

Symbol  AcMNPV SeMNPV Acronym Description

PIBres 1.3x10" 8x10° RESPHD Residual density infectious polyhedra
rir 0.16 0.10 RINACTR Relative polyhedra inactivation rate

300

250 +

200 +

150

100 -

infectious polyhedra

50 A

0 t t t
0 7 14 21 28

Time (days)

Figure 8 Measured and simulated SeMNPV inactivation on greenhouse chrysanthemum.

4.4.2 AcMNPV and SeMNPV infection chances per ingested
polyhedron

Infection chances per ingested polyhedron of ACMNPV and SeMNPV are based on dose-mortality
experiments using the leaf disc bioassay (Bianchi et al., 1999) and the droplet-feeding bioassay
(Bianchi et al., 2000a). The leaf disc bioassay generates more realistic values than the droplet
feeding bioassay because the larvae ingest the polyhedra together with leaf material. The droplet-
feeding bioassay methods gives higher estimates of the infection chance per ingested polyhedron
because larvae are starved before the bioassay and there is no food in the larval gut that can
interfere with the infection process. The leaf disc assay was used to determine the infection chance
~ per ingested polyhedron of ACMNPV a SeMNPV for second, third and fourth instar larvae and for
fifth instar larvae for SeMNPV (Table 10). The infection chance per ingested polyhedron is
determined by fitting Equation 3 for second instar S. exigua larvae and Equation 4 for third, fourth
and fifth instar larvae to dose-mortality data. An example of the fit of the double exponential model
to dose-mortality data is given in Figure 9. The leaf disc bioassay cannot be used for first instar
larvae because the larvae are too small to ingest an entire leaf disc. Infection chances per ingested
polyhedron of AcCMNPV and SeMNPV for first instar larvae and AcMNPV for fifth instar larvae are
based on droplet-feeding bioassay (Bianchi et al., 2000a). LDs, values of the droplet-feeding
bioassay were converted to more realistic LDs, values by a conversion factor that is based on a




30

comparison of LDs, values for leaf disc and droplet feeding bioassays with second, third and fourth
instar larvae. In Table 10 AcMNPV a SeMNPV infection chances per ingested polyhedron for L1 to
L5 larvae are presented.

4.4.3 Conversion factor for infection chance per ingested

polyhedron from artificial diet to chrysanthemum

The susceptibility of S. exigua to baculoviruses is affected by the food source on which the larvae
are reared. S. exigua populations that were reared on chrysanthemum had 1.5-3 times higher
infection chances per ingested polyhedron than larvae that were reared on artificial diet (Bianchi et
al., 2001b). Thus, larvae in greenhouse chrysanthemum are more susceptible than larvae reared
on artificial diet in the laboratory. In addition, first to third instar S. exigua larvae feed preferably on
the underside of chrysanthemum leaves without perforating the leaf (Smits et al., 1987). Since at
this location virtually no polyhedra are deposited, the larval polyhedra intake will be reduced
(Bianchi, unpublished data).

Table 10. Estimated ACMNPV an SeMNPYV infection chances per ingested polyhedron for relatively
susceptible (ps) and relatively resistant (pr) sub-populations of L1 to L5 S. exigua larvae.

Stage AcMNPV SeMNPV Acronym

Ps p’ ps pr
L1 4.1x1021 - 29x102t - PL1 !
L2 7510° - 2.6 102 - PL2 i
L3 4710° 3410* 2510% 4310°  PL3S, PL3R ‘
L4 6.610* 7.910° 1.710° 2.610°  PL4S, PL4R
L5 1.210° 4.810° 8510° 1.910°  PL5S, PL5R

T Parameters derived from droplet-feeding bioassays

Thus, larvae feeding on chrysanthemum are more susceptible to polyhedra than those
feeding on artificial diet, but because these larvae are mainly feeding on the underside of the
leaves, their polyhedra uptake is limited. Neither aspect is accounted for in the model other than by
an inclusion of a correction factor for the infection chance per ingested polyhedron. In the presented
model implementation it is assumed that both processes neutralise each other. Therefore, the
conversion factor for the infection chance per ingested polyhedron from artificial diet to
chrysanthemum, CFP, is set to 1.

4.4.4 AcMNPYV and SeMNPV incubation times in S. exigua larvae

The virus incubation time is the time between the uptake of a polyhedron dose by larva and larval
death. Virus incubation times of ACMNPV and SeMNPYV in third and fourth instar S. exigua larvae
have been determined by Bianchi et al. (2001c) at 23, 28 and 33°C using the droplet-feeding

bioassay (Table 11 and 12). The virus incubation times of AcMNPV and SeMNPV in first, second
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and fifth instar S. exigua larvae are extrapolated from the data of third and fourth S. exigua larvae.
The threshold temperature of S. exigua development is also used as threshold temperature for
AcMNPV and SeMNPV incubation times. Virus incubation times of AcCMNPV and SeMNPV and
their standard deviations are defined by the parameters DVRL1I-DVRL5ID and SDL1I-SDL5ID. The
complete parameter set can be found in Appendix L.

Table 11. Mean AcMNPV incubation times of infected S. exigua larvae at 23, 28 and 33°C (Bianchi et al.,
2001c).

Temperature
Stage % Mortality 23°C 28°C 33°C
L3 44 6.8 +0.5 4.5 +0.7 3.8 +0.3
L4 80 7.2 +0.8 4.5 +1.0 4.4 +1.2

Table 12. Mean SeMNPV incubation times of infected S. exigua larvae at 23, 28 and 33°C (Bianchi et al.,
2001c).

Temperature
Stage % mortality 23°C 28°C 33°C
L3 72 5.4 +0.6 3.7 +0.5 2.7 +0.4
L4 94 6.3 +1.6 3.4 +0.6 2.7 +0.3

4.4.5 AcMNPV and SeMNPV polyhedron production in S. exigua

larvae

The production of polyhedra of AcMNPV and SeMNPV by infected S. exigua larvae was
determined by Gutiérrez (1998; Table 13). S. exigua larvae that were infected always died in the
following instar. The polyhedra production per larval instar is defined by PHDPROD and can be
found in Appendix I.

Table 13. Polyhedra production + SD (*1 0°%) by AcMNPV and SeMNPV infected S. exigua larvae.

Stage AcMNPV SeMNPV

L1 4 +3 3 +4
L2 120 +42 80 +47
L3 400 +230 355 + 321
L4 693 +220 767 + 653

L5 nd nd
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4.5 Infection by horizontal transmission

4.5.1 Leaf visit rate of S. exigua larvae

Leaf visit rates of S. exigua larvae, measured by Bianchi et al. (2001b), are presented in Table 14.

Table 14. Leaf visit rate (d™") for five larval instars of S. exigua.

Stage Leaf visit rate Acronym
L1 1! LPDL1
L2 2.0 LPDL2
L3 2.0 LPDL3
L4 2.9 LPDL4

L5 1.5 LPDL5

"Parameter is based on observations in greenhouse chrysanthemum.

4.6 Infection by vertical transmission

4.6.1 Fraction infected L5 larvae developing into sublethally

infected S. exigua moths

Smits and Viak (1988b) and Bianchi et al. (2001a) showed that S. exigua L5 larvae exposed to high
doses of SeMNPV polyhedra can become sublethally infected and transmit SeMNPV to their
progeny. However, the fraction larvae developing into sublethally infected adults is difficult to
assess. Since L5 larvae are almost resistant to virus it is assumed that as many individuals become
sublethally infected as become lethally infected in dose-response trials (expert judgement Smits).
Therefore, the fraction fifth instar larvae developing into sublethally infected adults, FINFL5S, is set
to 0.5.

4.6.2 Fraction contaminated egg batches deposited by

sublethally infected S. exigua moths

The distribution of infected first instar S. exigua larvae developing from egg batches deposited by
sublethally infected moths is studied by Bianchi et al. (2001a). Large egg batches generally gave
raise to a high number of infected larvae, whereas the larvae developing from small egg batches
were mostly uninfected. Therefore, large and small egg batches are distinguished for the simulation
of vertical transmission by sublethally infected S. exigua moths. The size of a large egg batch is
defined by the critical egg batch size, CBATSIZE, and is set to 40. Large egg batches contain 40 or
more eggs, whereas small egg batches contain fewer than 40 eggs. The fraction small egg batches



that gives raise to one or more infected larvae, FCBATS, is set to 0.10, whereas this fraction for
large egg batches, FCBATL, is set to 0.80.

4.6.3 Maximal fraction contaminated eggs in contaminated egg

batches

The fraction contaminated eggs in contaminated egg batches deposited by sublethally infected S.

exigua moths are based on a study of Bianchi et al. (2001a). For small egg batches the maximal
fraction infected progeny, FCEGGS, is set to 0.20 whereas this fraction for large egg batches,
FCEGGL, is set to 0.5. During simulation, the number of infected progeny in contaminated egg
batches is drawn from a uniform distribution over the range from 0 to these maximum values.
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5 Use of the model

BACSIM is written in FORTRAN-90. It is recommended to use Digital Visual FORTRAN 6.0 (or a
later version) for the use of the model. In the next section guidelines for the installation and use of
BACSIM are given.

5.1 Installation of the model

1 Install Digital Visual FORTRAN 6.0 on your computer.

2 Create a C:\sys\fst directory and copy the TTSELDEC.EXE file to this directory.

3 Start Digital FORTRAN 6.0 or 6.1 and define a BACSIM project by clicking the File menu

and selecting New. Choose the Project tab from the dialog box and select the Fortran
Console Application.

4 Specify the name of the project (BACSIM) and the location (C:\PROGRAM
FILES\MICROSOFT VISUAL STUDIO\MyProjects\).

5 Select an empty project without links to Fortran DLL Import Libraries. A new workspace
for the BACSIM project will be created.

6 Copy the files of the BACSIM installation diskette from A: to C:\APROGRAM FILES\

MICROSOFT VISUAL STUDIO\MyProjects\BACSIM (BACSIM.FOR, INCON.DAT,
CROP.DAT, SEDEV.DAT, SPADIS.DAT, VIRUS.DAT, TTUTIL.LIB, DRIVERS.LIB,
HELVB.FON).

7 Add files to the BACSIM Project by clicking the FORTRAN Project menu, Add to Project,
Files. Select all files that have been copied from the BACSIM installation diskette and
have been copied to C:\PROGRAM FILES\MICROSOFT VISUAL
STUDIO\MyProjects\BACSIM.

8 Build and execute BACSIM by clicking Build and selecting execute BACSIM.exe.

9 Install TTSELECT by clicking Tools, Customize and selecting the Tools tab from the
dialog box. Specify the menu content (TTSELECT), the command (c:\sys\fst\ttseldec.exe)
and select the file directory as initial directory. Select the Command tab from the dialog
box and select the Tools category. Drag the “Hammer” button that corresponds with the
TTSELECT tool to the Toolbar.

Simulations of BACSIM can now be graphically represented by clicking the “Hammer” button form

the Toolbar, which will start TTSELECT. '

5.2 Initial conditions, parameter settings and output

BACSIM does not require interactive input during execution. The runs are completely specified in
the input files. There are 5 input files: one input file with initial conditions and four input files with
parameter values (Table 15). The user has to supply initial conditions by editing the input file
(INCON.DAT) for each simulation run. Parameter settings can be modified by editing the parameter
files. For detailed information on input and parameter file contents is referred to Appendix I.




36

Table 15. Input and parameter files of BACSIM

Name File type Contents

INCON.DAT Input file Initial conditions for simulation run (e.g. initial population numbers,
number of beds in greenhouse)

CROP.DAT Parameter file ~ Crop growth parameters

SEDEV.DAT Parameter file  S. exigua development parameters

SPADIS.DAT Parameter file  S. exigua spatial distribution parameters

VIRUS.DAT Parameter file  Baculovirus parameters

Special care is needed for the following situations:

1 The initial conditions INSPRAY and INCLVS specify the number of sprays during the
simulation and the initial number contaminated leaves in the greenhouse. When INSPRAY and
INCLVS are set to 0, the timing and dose of virus applications, as well as the location of
contaminated leaves are ignored.

2 The location of contaminated leaves in the greenhouse is initialized in the array
INFOCLVS by the co-ordinates: bed, row, plant per row and leaf number. The co-ordinates should
always range between 1 and IBEDMAX, IROWMAX, IPPRMAX and the maximum number of
leaves of the plants in the bed. When an initial co-ordinate is invalid, an error message is send to
the screen.

3 It is not possible to initialize infected larvae (ILI, IL21, IL3I, IL4] and L5ID) because there
are no dying locations available for these larvae. The variables IEGGI, IPUPI, IMALI, IFEM! and
BATCHI can be initialized because no dying locations are needed for these insect stages.

4 The number of initial patches (INPAT) should correspond with the initialization of
population numbers (See appendix | for example).

BACSIM output can be graphically represented using the TTSELECT program (Rappoldt and Van
Kraalingen, 1990). In TTSELECT variables can be plotted against each other. In Table 16 the list of
default variables that can be plotted is given.
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Table 16. Default variable list that can be plotted using TTSELECT

Name Unit Description

Time d Time

Itotegg #/patch Total number of eggs in the greenhouse

totl1- #/patch Total number of L1 to L5 larvae in the greenhouse

Itotls

ltotpup # Total number of pupae in the greenhouse

ltotmal # Total number of male moths in the greenhouse

itotfem # Total number of female moths in the greenhouse

Itoteggi #/patch Total number of contaminated eggs in the greenhouse

Itotli- #/patch Total number of infected L1 to L4 larvae patches in the greenhouse

ltotl4

ltotl5is #/patch Total number of sublethally infected L5 larvae in all patches in the greenhouse

ltotl5id #/patch Total number of lethally infected L5 larvae in all patches in the greenhouse

Itotpupi # Total number of sublethally infected pupae in the greenhouse

Itotmali # Total number of sublethally infected male moths in the greenhouse

Itotfemi # Total number of sublethally infected female moths in the greenhouse

ltotip # Total number of insects living in patches (eggs and larvae)

ltotop # Number of insects living outside patches (pupae and moths)

ltot # Total number of insects in greenhouse

Ipatch # Number of patches in greenhouse

Contleaf # Number of contaminated leaves in greenhouse

lcumcadaver # Cumulative number of cadavers in greenhouse

Phdlartot # Total number of polyhedra released from cadavers present in the greenhouse

Phdbed1 polyhedra/m2 Number of sprayed polyhedra on the crop in bed 1

Lai1 m*/m? LAI of chrysanthemums in patch 1

Laibed1 m?/m? LAl of chrysanthemums of bed1

lipp1 # Number of leaves of chrysanthemums in patch 1

lippbed1 # Number of leaves of chrysanthemums in bed 1

Fccum m? Cumulative area of foliage consumption in greenhouse

Dpcumo # Cumulative number of damaged plants, adjusted for overlapping patches

Rirl1ht- d’ Relative infection rate by horizontal transmission of L1 to L5 Rirl5ht larvae in
patch 1

Rirl1s- d’ Relative infection rate by ingestion of sprayed polyhedra of L1 to L5 larvae in

Riri5s patch 1
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6 Implementation of the model

In the next section the model structure and the coherence of the subroutines will be outlined. Each
subroutine will be discussed separately and the simulation of the specific processes will be
explained. In Table 17 the subroutine structure of BACSIM is given. In the FILES subroutine output
files can be declared. The INITIM subroutine is only called in the initial part of the program to
initialise time variables. There are six subroutines that are called in the initial and dynamic part:
CROP, RIRSPR, RIRHT, SEDEV, SPADIS and VIRUS. The main program calls these subroutines
for each integration step (section 2.1). There are six integration steps: initialisation, calculation of
auxiliary variables, rate variables, generation of output, integration of state variables and a post
integration step. The type of calculation that a subroutine has to perform is indicated by the variable
ITASK. If a subroutine has been called and ITASK is equal to one, the subroutine performs the
initialisation. ITASK two performs the calculation of auxiliary variables, ITASK three the calculation
of rate variables, ITASK four generates the output, ITASK five integrates the state variables and
ITASK six the post integration step.

Table 17. BACSIM subroutine structure.

BACSIM INITIM

SPADIS NEWINF
NEWDIL
CONTROL
HARV

SEDEV  IBOXCAR
IBOXPUP
IBOXPATL5S DRWMORT
IBOXPAT DRWMORT
IBOXPATL2 DRWMORT
IBOXPTIS
IBOXPTI
MATING
ACCOUNT
DEPOSIT

VIRUS

CROP

RIRHT

RIRSPR

6.1 The SEDEYV subroutine

In the SEDEV subroutine the S. exigua development and population dynamics are simulated. In
ITASK one parameters and initial conditions are read and initial conditions are checked for invalid
input values. In ITASK two developmental rates, coefficients of variation of developmental rates and
attrition rates for infected and uninfected insects are calculated as function of temperature. In
ITASK three the transfer of individuals from one stage to the other are calculated (differences).




40

These transfer differences include infection differences by horizontal transmission, infection
differences by ingestion of sprayed polyhedra, attrition differences, death differences of infected
larvae, death differences of healthy or sublethally infected moths and development differences to
the next stage. The transfer differences for each development stage are calculated in a set of
boxcar trains (section 3.2). The ITASK three section continuous with the calculation of the number
of fifth instar larvae that enter into the pupal stage. Since the development of egg batches in female
oviduct, pupae, male and female moths are simulated on a greenhouse scale, the boxcar trains of
these insect stages contain the whole greenhouse population. In contrast, the egg and larval stages
are simulated at the patch scale, thus the boxcar trains of these stages contain the population totals
per patch. To simulate the transfer of fifth instar larvae from a patch scale into pupae at the
greenhouse scale, accumulated fifth instar larvae transfer differences are used as input for the
pupal boxcar trains. The ITASK three section ends with call to the subroutine MATING. In this
subroutine the mating of newly emerged female moths with male moths is simulated. All newly
produced egg batches in the females oviduct per time step are accumulated and flow into the
boxcar train for the egg batches in the female oviduct (IBATIN and IBATINI). In ITASK four the
output is generated. In the end of this section the subroutine ACCOUNT is called that calculates
population totals in and outside patches. In ITASK five the populations of all stages are integrated
in the boxcar trains. In the ITASK six larvae located in harvested beds are removed and the
bookkeeping of the number of patches takes place. The actual patch number is raised with the :'
number of new patches initiated by egg batch deposition. When the new number of patches

exceeds the maximum number of patches (IPMAX) the program is terminated. When new patches

are initiated the subroutine DEPOSIT is called. This subroutine simulates the size of the newly

deposited egg batches, the number of contaminated and uncontaminated egg batches and the

distribution of contaminated and uncontaminated eggs in contaminated egg batches. The egg batch

size is drawn from a cumulative frequency distribution FX. The presence of contaminated eggs in

an egg batch deposited by sublethally infected moths is drawn. If a random value between 0 and 1

is lower than FCBAT (fraction contaminated egg batches of sublethally infected moths), the egg

batch will be contaminated. The distribution of contaminated and uncontaminated eggs in

contaminated egg batches are drawn from a uniform distribution. Contaminated egg batches

contain at least one and at maximum a fraction of FCEGG (fraction contaminated eggs in

contaminated egg batches) contaminated eggs. The ITASK six section is finished with the

calcuiation of the shift in the boxcar trains for the different insect stages.

6.2 The boxcar subroutines

In BACSIM seven different boxcar trains are used: IBOXCAR, IBOXPUP, IBOXPATL2,
IBOXPATLS5, IBOXPAT, IBOXPTIS and IBOXPTI. These boxcars are based on the same principle
but have small differences. Boxcar contents, rates (differences) and shifted boxcar contents in all
seven boxcars types are expressed as integers. In ITASK three developmental rates are initially
calculated as real values and then converted to differences by stochastic rounding with the function
IROUND. This function rounds real values to the nearest integers. The probability that a real value
is rounded to the higher integer value equals the value of the decimals of that real value. For
example, 2.9 will be rounded to 3 in 90 % of the cases and rounded to 2 in 10 % of the cases. The
integration of the boxcar contents is conducted in the ITASK five section. The integration is simply
the addition or subtraction of the boxcar content of the last time step with the differences. During
the shift (ITASK six), boxcar contents that are shifted to the next boxcar are first calculated as real
values and then rounded with the IROUND function.
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The IBOXPAT boxcar train subroutine simulates the development and population
dynamics of uninfected eggs, L1, L2, L3 and L4 larvae. In the boxcar trains of larvae, individuals
can be removed from boxcars by attrition, infection by horizontal transmission and infection by
ingestion of sprayed polyhedra. It is possible that the number of larvae claimed for transfer by these
three processes is higher than the number of individuals present in the boxcar. In this case the
DRWMORT subroutine is called. This subroutine allocates the outflow from larvae in a boxcar to
the three categories by a weighed drawing over the relative attrition and infection rates. Infected
larvae are transferred to the IBOXPTI subroutine. The IBOXPTI subroutine simulates the
development and population dynamics of contaminated egg batches and infected larvae. Newly
infected individuals are placed in the zeroth boxcar of this boxcar train. The developmental rate
used in this boxcar train corresponds with the virus incubation times of the different larval instars.
Individuals that flow out of the IBOXPTI boxcar turn into cadavers. The development and population
dynamics of uninfected L2 larvae is simulated in the IBOXPATL2 boxcar train. Half of the
population uninfected second instar larvae will flow in the boxcar train of relatively susceptible third
instar larvae whereas the other half flows into the boxcar train of relatively resistant third instar
larvae. The development and population dynamics of uninfected L5 larvae is simulated in the
IBOXPATLS5 boxcar train. Fifth instar larvae that become infected can either develop in lethally or
sublethally infected fifth instar larvae. Lethally infected larvae are transferred to a boxcar train for
infected larvae (IBOXPTI) and sublethally infected are transferred to a boxcar train for sublethally
infected L5 larvae (IBOXPTIS). The proportion infected fifth instar larvae developing in lethally and
sublethally infected larvae depends on the parameter FINFL5S (Fraction infected L5 larvae
developing in sublethally infected moths). Fifth instar larvae that become sublethally infected and
are transferred to the IBOXPTIS boxcar train are placed in the same boxcar as they were removed
from in the IBOXPATLS5 boxcar train. Hence, the sublethal infection process does not lead to a
prolonged larval development period. Sublethally infected fifth instar larvae develop into sublethally
infected pupae, whereas uninfected L5 larvae develop in uninfected pupae. The IBOXPUP boxcar
train simulates the development and population dynamics of uninfected and sublethally infected
pupae. Pupae are not susceptible for virus, thus these boxcar trains do not incorporate infection
processes. Individuals that flow out of this boxcar train are divided in males and female moths. The
IBOXCAR subroutine is used to simulate the development and population dynamics of uninfected
and sublethally infected female and male moths, and egg batches in female oviduct. IBOXCAR
does not incorporate infection processes.

6.3 The SPADIS subroutine

In the SPADIS subroutine the spatial distribution of S. exigua is simulated. The location of egg
batches and foraging domains of larvae as well as the location of contaminated leaves (leaves with
one or more cadavers) in the crop are stored. The locations of contaminated leaves are stored in
the array INFOCLVS. This array contains the co-ordinates of the contaminated leaves: bed, row,
plant per row and leaf number, as well as the larval instar of the cadaver. In ITASK one parameters
and initial conditions are read and initial conditions are checked for invalid values. Next, the number
of plants per larval foraging domain is calculated and the locations of contaminated leaves are
stored in the INFOCLVS array. In ITASK two the number of contaminated leaves per larval foraging
domain (ICLVSL1 to ICLVSL5) and per canopy layer within a larval foraging domain (ICLVSL1CL to
ICLVSL5CL) is determined for each patch. When a contaminated leaf is located in a patch, the rank
number of that contaminated leaf in the INFOCLVS array is set by the variables ICLVSNRL1 to
ICLVSNRLS. The fraction of contaminated leaves per canopy layer is calculated using the number
of contaminated leaves and the total number of leaves in the canopy layer. Next, the determination
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and bookkeeping of the dying locations of newly infected larvae takes place. This is done in the
NEWINF subroutine. The dying location of a newly infected larva in a patch depends on what
infection process caused the infection. The NEWINF subroutine is called for L1 larvae that become
infected by vertical transmission, for L1 to L5 larvae that become infected by horizontal
transmission and for L1 to L5 larvae that become infected by ingestion of sprayed polyhedra.
Hatched larvae infected by vertical transmission are assigned randomly to a plant within the
foraging domain of first instar larvae using the function IDRWLOT. This function draws a random
value between a minimum and maximum integer value. Larvae that become infected by horizontal
transmission will die on a plant in the neighbourhood of the contaminated leaf that was the source
of infection. The leaf that was the source of infection is drawn from the contaminated leaves within
the larval foraging domain. The location of this leaf is read from the INFOCLVS array using the
variable ICLVSNR. Each larval instar has a specific action radius, expressed in number of plants,
where the plant on which the infected larvae will die is drawn. However, infected larvae are never
located outside the foraging domain of that particular instar. Larvae infected by ingestion of sprayed
polyhedra are assigned randomly to plants within their foraging domains. The leaf number of the
plant on which the infected larvae died is determined by the IDRWLEAF function. This function
draws a leaf number weighed by larval residence times spent in the three canopy layers. Thus, if a
L1 larva becomes infected, it has the highest probability to die on a leaf in the lowest canopy layer
since L1 larvae spend most time in this stratum. Larvae cannot be placed outside the beds. The
dying locations of newly infected larvae are stored in the INFOLIL array (Living Infected Larvae).
This array contains information about the infected larvae: bed, row, plant per row, leaf number,
patch number and larval instar. When an infected larva dies in a patch, the co-ordinates of the
oldest infected larvae of the specific instar and patch are transferred from the INFOLIL array to the
INFOCLVS array. This is done in the NEWDIL subroutine. The data describing the newly died
larvae are removed from the INFOLIL array. In the ITASK four section output is generated and the
CONTROL subroutine is called. This subroutine checks whether the number of infected larvae in
the boxcar trains correspond with the number of larvae in the INFOLIL array per larval instar. If
these numbers are not equal, it is possible to send an error message to the screen or to terminate
the program. However, in the default setting attrition of infected larvae is allowed, which will result in
differences in the number of larvae in the boxcar trains and in the INFOLIL array (larvae that die by
attrition are removed from the boxcar trains but not in the INFOLIL array). Therefore, for the default
setting differences in number of larvae in boxcar trains and the INFOLIL array are ignored. The
ITASK six starts with a call to the HARV subroutine. This subroutine removes locations of infected
larvae and cadavers in the INFOLIL and INFOCLVS arrays of larvae located in harvested patches.
The determination of the location of plants where egg batches are deposited takes place next.
Female moths will deposit eggs in beds that have a LAI lower than LAIPREF. When no beds with
such young plants are available, female moths deposit eggs randomly over the beds.

6.4 The CROP subroutine

In the CROP subroutine the chrysanthemum development and crop injury is simulated. In ITASK
one parameters and initial conditions are read, initial conditions are checked for invalid values and
the initial LAl and leaves per plant are calculated for each bed. In ITASK two a harvest is triggered
when the LAl value of a bed exceeds the value of LAIHARV (LAl when the crop is harvested).
Further, the larval leaf visit rate corrected for temperature is calculated. In ITASK three the foliage
consumption and the plant damage event rates are calculated. In ITASK four output is generated.
In ITASK five the age of each bed (DAP: Days After Planting), foliage consumption and number of
damaged plants are integrated. With the updated DAP value the new LAl and leaves per plant are
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calculated for each bed. The LA, leaves per plant and foliage consumption are calculated next for
each patch. Patches located in the same bed will have the same LAl and the same number of
leaves per plant. In the ITASK six section the DAP, LAl and leaves per plant will be initialised when
a bed is harvested. In the same section LAl and leaves per plant values are assigned to new
patches.

6.5 The VIRUS subroutine

In the VIRUS subroutine the quantity and distribution of sprayed polyhedra over the LAl and canopy
layers of the crop is simulated. To simulate the distribution of sprayed polyhedra within the crop, the
crop is divided in 60 LAl layers. The layer thickness (DELTLAI) is calculated as the maximum LAI
(LAIHARV) divided by 60. Hence, young crops consist only of a few LAl layers whereas old crops
can have up to 60 LAl layers. In ITASK one parameters and initial conditions are read, DELTLAI is
calculated and the initial polyhedron density for each bed and patches is set to zero. In ITASK two
the new quantity and distribution of polyhedra for each LAl layer in each bed after a spraying event
is calculated. The distribution of sprayed polyhedra over the LAl layers of each bed is simulated by
calculating the fraction incoming and outgoing polyhedra for each LAl layer, assuming a negative
exponential extinction profile. Next, the new quantity and distribution of polyhedra for each LAl layer
of all patches is calculated. Although the simulation of a spraying event does strictly not belong in
the auxiliary variables section (ITASK two), this has the advantage that a spray can be conducted in
the first time step. In ITASK three the inactivation rate of polyhedra is calculated for each LAl layer
using a relative polyhedron inactivation rate and a residual density of infectious polyhedra on the
leaf surface. In ITASK four output is generated. In ITASK five the quantity of polyhedra in each LAI
layer of the beds are integrated. Next, the new quantity and distribution of polyheda per patch is
calculated. In the ITASK six section the quantity of polyhedra per leaf layer is set to zero if a
chrysanthemum bed is harvested. In the same section the polyhedra quantities per LAl layer are
assigned to new patches.

6.6 The RIRHT subroutine

In the RIRHT subroutine the relative infection rate by horizontal transmission is calculated. In
ITASK one parameters are read. In ITASK three the relative infection rates by horizontal
transmission per larval instar and canopy layer are calculated using the fraction contaminated
leaves (calculated in SPADIS) and the larval leaf visit rate. The relative infection rates by horizontal
transmission per larval instar and canopy layer are averaged proportionally over the larval
residence time per canopy layer to obtain relative infection rates by horizontal transmission. The
relative infection rates by horizontal transmission per larval instar are used as input variables for the
SEDEV subroutine. In ITASK four output is generated.

6.7 The RIRSPR subroutine

In the RIRSPR subroutine the relative infection rate by ingestion of sprayed polyhedra is calculated.
In ITASK one parameters are read. In ITASK three the density of sprayed polyhedra are calculated
per canopy layer. Relative infection rates by ingestion of sprayed polyhedra for each larval instar
are calculated with polyhedra densities, infection chance per ingested polyhedron and larval
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consumption rates. The relative infection rates by horizontal fransmission for each larval instar are
used as input variables for the SEDEV subroutine. In ITASK is four output is generated.
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Appendix I: Listing of input files

* INCON.DAT
* Input file for SPODXNPV.FOR
K e e e e e e
* Time when simulation is terminated (d)
FINTIM = 3.
* Time step (d)
DELT = 0.05
* Temperature switch: 0 = measured temperatures, 1 = constant
* temperature
ICTEMP = 1
* Constant temperature (degree C)

TEMP = 25.0

* Initial number of patches
INPAT = 4
* Array containing coordinates of patches in greenhouse
* (bed, row, plant number in row)
IPATDAT = 2,25,5,
15,53,3,
5,27,7,
9,88,2
* Number of uninfected insects per boxcar per patch
IEGG = 0,999*%0
IL1 = 100,100,998%*0
IL2 = 0,999*%0
IL3 = 100,999%*0
IL4 = 100,999%*0
ILS = 0,999*0
IPUP = 0,4*%0
IMAL = 0,2%0
IFEM = 0,2*%0
IBATCH = 0,4*0
* Number of infected insects per boxcar per patch
IEGGI = 1000*0
IL1T = 1000*0
IL2I = 1000*0
IL3I = 1000*0
IL4TI = 1000*0

IL5ID = 1000*0
IL5IS = 1000*0
IPUPI = 5%*0
IMALI = 3*0
IFEMI = 3*0
IBATCHI = 5%*0




Maximal number of beds

IBEDMAX = 18

Maximal number plant rows in bed
IROWMAX = 100

Maximal number of plants per row in bed
IPPRMAX = 8

Initial age of plants in beds (4)

DAP = 0.,0.,7.,7.,14.,14.,21.,21.,28.,28.,35.,35.,42.,42.

49.,49.,56.,56.,2*%0.

Number of sprays during simulation
INSPRAY = 3
Time of spray (d)
TSPRAY = 0.,7.,14.
Sprayed polyhedra density of application (#.m-2 ground)
PHDSPR = 3.E7,3.E7,3.E7
Initial number of contaminated leaves
INCLVS = 5
Array containing contaminated leaves co-ordinates
(bed, row, plant number in row, leaf, larval stadium)
INFOCLVS= 1,73,8,5,1,

5,32,5,12,4,

8,14,2,13,2,

11,76,3,8,3,

14,83,7,15,2

Measured hourly temperatures (degree C)

TEMPT =

0.0000, 25.00,
0.0417, 26.29,
0.0833, 27.50,
0.1250, 28.54,
0.1667, 29.33,
0.2083, 29.83,
0.2500, 30.00,
0.2917, 29.83,
0.3333, 29.33,
0.3750, 28.54,
0.4167, 27.50,
0.4583, 26.29,
0.5000, 25.00,
0.5417, 23.71,
0.5833, 22.50,
0.6250, 21.46,

0.6667, 20.67,
0.7083, 20.17,
0.7500, 20.00,
0.7917, 20.17,
0.8333, 20.67,

.« .y

39.9583, 24.35



CROP.DAT *
Parameter file for SPODXNPV.FOR *

Relative growth rate of LAI (d-1)

RGRLAI = 0.1287

Inflection point of logistic LAI growth curve (d)
DAPLAI50 = 33.86

Initial leaf area index of crop (m2.m-2)

LAIO = 0.29

Maximal leaf area index of crop (m2.m-2)

LAIMAX = 7.01

Relative growth rate of leaves per plant (d-1)
RGRLPP = 0.0998

Inflection point of logistic leaves per plant growth curve (d)
DAPLPP50 = 30.58

Initial number of leaves per plant in patch (#)
LPPO = 6.35

Maximal number of leaves per plant (#)

LPPMAX = 34.91

Leaf area index of crop at crop harvest (m2.m-2)
LATHARV = 6.8

Maximal leaf area index of crop to be prefered for egg
deposition (m2.m-2)

LATPREF = 3.5

Extinction coefficient of crop for spray (m2.m-2)
K =10.8




SEDEV.DAT *
Parameter file for SPODXNPV.FOR *

Development rates uninfected insects as function of temperature
(d-1) (Fye and McADA, 1972)

DVREGGT = 14.,0.,20.,.179,25.,.345,30.,.500,33.,.556,37., .556
DVRL1IT = 14.,0.,20.,.278,25.,.313,30.,.385,33.,.500,37.,.500
DVRL2T = 14.,0.,20.,.345,25.,.526,30.,.667,33.,.833,37.,.833
DVRL3T = 14.,0.,20.,.357,25.,.588,30.,.833,33.,.833,37.,.833
DVRL4AT = 14.,0.,20.,.303,25.,.476,30.,.667,33.,.769,37.,.769
DVRL5T = 14.,0.,20.,.164,25.,.244,30.,.323,33.,.400,37.,.400
DVRPUPT = 14.,0.,20.,.096,25.,.130,30.,.196,33.,.196,37.,.196
DVRMALT = 14.,0.,20.,.091,25.,.091,30.,.091,33.,.111,37.,.111
DVRFEMT = 14.,0.,20.,.091,25.,.091,30.,.091,33.,.111,37.,.111
DVRBATT = 14.,0.,20.,.282,25.,.301,30.,.265,33.,.279,37.,.279

Conversion factor of larval development rate from artificial
diet to chrysanthemum

CFDVR = 0.7

Standard deviation of development times of uninfected insects

as function of temperature (d) (Fye and McAda, 1972)

SDEGG = 14.,0.7,20.,0.7,25.,0.5,30.,0.5,33.,0.1,37.,0.1
SDL1 = 14.,0.5,20.,0.5,25.,0.5,30.,0.5,33.,0.0,37.,0.0
SDL2 = 14.,0.5,20.,0.5,25.,0.5,30.,0.5,33.,0.5,37.,0.5
SDL3 = 14.,0.7,20.,0.7,25.,0.5,30.,0.4,33.,0.3,37.,0.3
SDL4 = 14.,0.6,20.,0.6,25.,0.6,30.,0.6,33.,0.5,37.,0.5
SDL5 =14.,0.9,20.,0.9,25.,0.9,30.,0.7,33.,0.6,37.,0.6
SDPUP =14.,1.2,20.,1.2,25,,1.2,30.,0.6,33.,0.6,37.,0.6
SDMAL = 14.,5.0,20.,5.0,25.,3.0,30.,3.0,33.,5.0,37.,5.0
SDFEM = 14.,5.0,20.,5.0,25.,3.0,30.,3.0,33.,5.0,37.,5.0
SDBAT = 14.,0.6,20.,0.6,25.,1.6,30.,0.8,33.,1.0,37.,1.0
Fraction survival per larval instar

FSURVL1 = 0.6

FSURVL2 = 0.8

FSURVL3 = 0.88

FSURVIL4 = 0.95

FSURVLS = 1.0

FSURVPUP = 1.0

FSURVMAL = 1.0

FSURVFEM = 1.0

Consumption per larval instar (m2)

CONSL1 = 0.000012

CONSL2 = 0.000032

CONSL3 = 0.00012

CONSL4 = 0.00082

CONSL5 = 0.002

Sexratio

SEXRAT = 0.5
Number of eggbatches per female moth



IBATNR = 13

Fraction of infected L5 larvae that are sublethally infected

FINFL5S = 0.5

Critical eggbatch size to be a large egg batch

ICBATSIZE = 40

Fraction of small eggbatches that are infected by sublethally

infected moths

FCBATS = 0.1

Fraction of large eggbatches which are infected by sublethally

infected moths

FCBATL = 0.8

Maximal fraction infected eggs in small eggbatches

FCEGGS = 0.2

Maximal fraction infected eggs in large eggbatches

FCEGGL = 0.5

Cumulative frequency distribution of eggnumber per eggbatch

FX = 0.0023,0.0053,0.0098,0.0159,0.0237,0.0331,0.0441,

.0567,0.0707,0.0861,0.1028,0.1205,0.1393,0.1589,

.1793,0.2003,0.2218,0.2438,0.2660,0.2885,0.3111,

.3337,0.3563,0.3787,0.4010,0.4230,0.4448,0.4662,

.4872,0.5078,0.5280,0.5477,0.5669,0.5856,0.6037,

.6214,0.6385,0.6550,0.6710,0.6865,0.7014,0.7158,

.7296,0.7429,0.7557,0.7680,0.7798,0.7911,0.8019,

.8122,0.8221,0.8316,0.8406,0.8493,0.8575,0.8653,

.8728,0.8799,0.8867,0.8931,0.8993,0.9051,0.9106,

.9159,0.9209,0.9256,0.9301,0.9343,0.9383,0.9422,

.9458,0.9492,0.9524,0.9555,0.9584,0.9611,0.9637,

.9661,0.9684,0.9706,0.9726,0.9746,0.9764,0.9781,

.9797,0.9813,0.9827,0.9841,0.9854,0.9866,0.9877,

.9888,0.9898,0.9907,0.9916,0.9924,0.9932,0.9940,

.9947,0.9953,0.9959,0.9965,0.9970,0.9975,0.9980,

.9985,0.9989,0.9993,0.9996,1.0000

X-axis of cumulative eggnumber per eggbatch frequency distribution

X = 1.,2.,3.,4.,5.,6.,7.,8.,

9.,10.,11.,12.,13.,14.,15.,16.,

17.,18.,19.,20.,21.,22.,23.,24.,
25.,26.,27.,28.,29.,30.,31.,32.,
33.,34.,35.,36.,37.,38.,39.,40.,
41.,42.,43.,44.,45.,46.,47.,48.,
49.,50.,51.,52.,53.,54.,55.,56.,
57.,58.,59.,60.,61.,62,,63.,64.,
65.,66.,67.,68.,69.,70.,71.,72.,
73.,74.,75.,76.,77.,78.,79.,80.,
81.,82.,83.,84.,85.,86.,87.,88.,
89.,90.,91.,92.,93.,94.,95.,96.,
97.,98.,99.,100.,101.,102.,103.,
104.,105.,106.,107.,108.,109.,110.

O O O O O O O O O 0O O O o o o




* SPADIS.DAT
* Parameter file for SPODXNPV.FOR
K o e e e
* Horizontal distribution of larval foraging areas in patch.
* The numbers correspond with the number of plants west, east,
* north and south of the central plant containing the eggbatch.
* The foraging areas are rectangular and the borders can be
* determined with these co-ordinates. Larvae in later stadia are
* also foraging in foraging areas of younger larvae.
IHORDIST = 1,1,1,1,
2,3,2,2,
3,3,2,3,
4,4,3,4,
4,4,5,5
* Fraction larvae per vertical larval distribution stratum.
* The numbers correspond with the lowest, middle and upper
* stratum.
VERTDIST = 0.5 , 0.25, 0.25,
0.5 , 0.25, 0.25
0.17, 0.33, 0.5 ,
0.17, 0.33, 0.5 ,
0.17, 0.33, 0.5
* Action radia of infected larvae (# plants)
IACTRADLLI = 2
IACTRADL2 = 2
IACTRADL3 = 3
IACTRADL4 = 3
IACTRADLS = 2
* Mean number of leaves visits per day per larval instar (d-1)
LPDL1 = 1.
LPDL2 = 2.
LPDL3 = 2.
LPDL4 = 2.9
LPDL5 = 1.



VIRUS.DAT *
Parameter file for SPODXNPV.FOR *

SeMNPV relative polyhedra inactivation rate (d-1)

RINACTR = 0.10
Residual density of infectious polyhedra on leaf surface (m-2)
RESPHD = 8.E5

Array containing SeMNPV polyhedra production per larval instar
(#.larvae-1)
PHDPROD = 3.E6,

80.E6,

355.E6,

767.E6,

767 .E6

SeMNPV infection chance per ingested polyhedron per larval

instar (-)

PL1 = 0.029

PL2 = 0.026
PL3S = 0.025
PL3R = 0.0043
PL4S = 0.0026
PL4R = 0.0017
PL5S = 0.000085
PL5R = 0.0000193

Conversion factor of infection chance per ingested polyhedron
from artificial diet to chrysanthemum (-)

CFP = 1.

SeMNPV development rates infected insects as function of
temperature (d-1) partly based on Fye and McAda, 1972

DVREGGIT 14.,0.,20.,.179,25.,.345,30.,.500,33.,.556,37.,.556
DVRL1IT = 14. .,23.,.186,28.,.270,33.,.374,36.,.374,37.,.374
DVRL2IT = 14. .,23.,.186,28.,.270,33.,.374,36.,.374,37.,.374
DVRL3IT = 14. .,23.,.186,28.,.270,33.,.374,36.,.374,37.,.374
DVRL4IT = 14. ,23.,.159,28.,.296,33.,.374,36.,.374,37.,.374
DVRLSIDT = 14. .,23.,.159,28.,.296,33.,.374,36.,.374,37.,.374
DVRL5IST = 14. .,20.,.164,25.,.244,30.,.323,33.,.400,37.,.400
DVRPUPIT = 14. ,20.,.096,25.,.130,30.,.196,33.,.196,37.,.196
DVRMALIT = 14. .,20.,.091,25.,.091,30.,.091,33.,.111,37.,.111
DVRFEMIT = 14. .,20.,.091,25.,.091,30.,.091,33.,.111,37.,.111
DVRBATIT = 14. .,20.,.282,25.,.301,30.,.265,33.,.279,37.,.279

SeMNPV standard deviation of development times of infected

]
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insects as function of temperature (d) partly based on Fye and
McAda, 1972

SDEGGI = 14.,0.7,20.,0.7,25.,0.5,30.,0.5,33.,0.1,37.,0.1
SDL11I = 14.,0.6,23.,0.6,28.,0.5,33.,0.4,36.,0.4,37.,0.4
SDL21I = 14.,0.6,23.,0.6,28.,0.5,33.,0.4,36.,0.4,37.,0.4
SDL31I = 14.,0.6,23.,0.6,28.,0.5,33.,0.4,36.,0.4,37.,0.4
SDL41 = 14.,1.6,23.,1.6,28.,0.6,33.,0.3,36.,0.3,37.,0.3




SDL5ID = 14.,1.6,23.,1.6,28.,0.6,33.,0.3,36.,0.3,37.,0.3
SDL5IS = 14.,0.9,20.,0.9,25.,0.9,30.,0.7,33.,0.6,37.,0.6
SpDPUPI = 14.,1.2,20.,1.2,25,,1.2,30.,0.6,33.,0.6,37.,0.6
SDMALI = 14.,5.0,20.,5.0,25.,3.0,30.,3.0,33.,5.0,37.,5.0
SDFEMI = 14.,5.0,20.,5.0,25.,3.0,30.,3.0,33.,5.0,37.,5.0
SDBATI = 14.,0.6,20.,0.6,25.,1.6,30.,0.8,33.,1.0,37.,1.0
ACMNPV relative polyhedra inactivation rate (d-1)

RINACTR = 0.16

Residual density of infectious polyhedra on leaf surface (m-2)
RESPHD = 1.7E6
Array containing AcMNPV polyhedra production per larval instar
(#.larvae-1)
PHDPROD = 4.E6

120.E6

400.E6

693 .E6

693 .E6
AcMNPV infection chance per ingested polyhedron per larval instar
PL1 = 0.041

PL2 = 0.0075
PL3S = 0.0047
PL3R = 0.00034
PL4S = 0.00066
PL4R = 0.000079
PL5S = 0.000012
PL5R = 0.0000048

Conversion factor of infection chance per ingested polyhedron
from artificial diet to chrysanthemum (-)
CFP = 1.
ACMNPV development rates infected insects as function of
temperature (d-1) partly based on Fye and McAda, 1972
DVREGGIT 14.,0.,20.,.179,25.,.345,30., .500,33.,.556,37.,.556
DVRL1IT = 14.,0.,23.,.147,28.,.222,33.,.263,36.,,.263,37.,.263
DVRL2IT = 14.,0.,23.,.147,28.,.222,33.,.263,36.,.263,37.,.263
DVRL3IT = 14.,0.,23.,.147,28.,.222,33.,.263,36.,.263,37.,.263
DVRL4IT = 14.,0.,23.,.139,28.,.227,33.,.227,36.,.227,37.,.227
DVRLS5IDT = 14.,0.,23.,.139,28.,.227,33.,.227,36.,.227,37.,.227
0
0

1

DVRL5IST = 14.,0.,20.,.164,25.,.244,30.,.323,33,,.400,37.,.400
DVRPUPIT = 14.,0.,20.,.096,25.,.130,30.,.196,33.,.196,37.,.196
DVRMALIT = 14.,0.,20.,.091,25.,.091,30.,.091,33.,,.111,37.,.111
DVRFEMIT = 14.,0.,20.,.091,25.,.091,30.,.091,33.,.111,37.,.111
DVRBATIT = 14.,0.,20.,.282,25.,.301,30., .265,33.,.279,37.,.279
ACMNPV standard deviation of development rates of infected
insects as function of temperature (d-1) partly based on Fye
and McAda, 1972

SDEGGI = 14.,0.7,20.,0.7,25.,0.5,30.,0.5,33,,0.1,37.,0.1
SDL1I =14.,0.5,23.,0.5,28.,0.7,33.,0.3,36.,0.3,37.,0.3
SDL2I = 14.,0.5,23.,0.5,28.,0.7,33.,0.3,36.,0.3,37.,0.3
SDL31I = 14.,0.5,23.,0.5,28.,0.7,33.,0.3,36.,0.3,37.,0.3
SDL4TI = 14.,0.8,23.,0.8,28.,1.0,33.,1.2,36.,1.2,37.,1.2



SDL5ID
SDL5IS
SDPUPIT
SDMALT
SDFEMI
SDBATI

14.
14.
14.
14.
14.
14.

.0,33.
.9,30.
.2,30.
.0,30.
.0,30.
.6,30.
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.7,33.
.6,33.
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Appendix lI: List of acronyms

Principles for name giving

integer variables always start with an |, whereas real variables never start with an 1. The following
abbreviations are consistently used for the different insect stages:

EGG = eggs

L1 =first instar larvae

L2 = second instar larvae

L3 = third instar larvae

L4 = fourth instar larvae

L5 = fifth instar larvae

PUP = pupae

MAL = male moths

FEM = female moths

BAT or BATCH = egg batches in oviduct

Uninfected third to fifth instar larvae are divided in two sub-populations of relatively susceptible and
resistant larvae. The susceptible populations are indicated with and S, e.g. IL3S, whereas the
relatively resistant subpopulations are indicated with an R, e.g. IL4R. Infected insect stages are
indicated by the abbreviation of each stage followed by an | (infected), e.g. IEGGI, IL3I, IPUPI,
IFEMI. Fifth instar larvae may become lethally or sublethally infected. Lethally infected fifth instar
larvae are indicated with an additional D (dying), e.g. IL5ID, whereas sublethally infected fifth instar
larvae are indicated with an additional S (sublethally infected), e.g. IL51S. Population totals in the
greenhouse are indicated with TOT, e.g. ITOTL1I representing the total number of infected L1
larvae in the greenhouse. Variables representing cumulative values are indicated with the
abbreviation CUM, e.g. FCCUM representing the cumulative area of foliage consumption since the
start of simulation.
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Acronym Variable type Dimension  Description

CDS state variable - Cyclic development stage

CDSBATCH state variable - Cyclic development stage of egg batches in
oviduct

CDSBATCHI state variable - Cyclic development stage of infected egg
batches in oviduct

CDSEGG state variable - Cyclic development stage of egg batches

CDSEGG state variable - Cyclic development stage of infected egg
batches

CDSFEM state variable - Cyclic development stage of female moths

CDSFEMI state variable - Cyclic development stage of sublethally
infected female moths

CDSLA1 state variable - Cyclic development stage of L1 larvae

CDSLA1I state variable - Cyclic development stage infected of L1 larvae

CDSL2 state variable - Cyclic development stage of L2 larvae

CDSL2l state variable - Cyclic development stage infected of L2 larvae

CDSL3I state variable - Cyclic development stage infected of L3 larvae

CDSL3R state variable - Cyclic development stage of resistant L3
larvae

CDSL3S state variable - Cyclic development stage of susceptible L3
larvae

CcDSL4] state variable - Cyclic development stage infected of L4 larvae

CDSL4R state variable - Cyclic development stage of resistant L4
larvae

CDSL4S state variable - Cyclic development stage of susceptible L4
larvae

CDSL5ID state variable - Cyclic development stage of lethally infected
L5 larvae

CDSLS5IS state variable - Cyclic development stage of sublethally
infected L5 larvae

CDSL5R state variable - Cyclic development stage of resistant L5
larvae

CDSL5S state variable - Cyclic development stage of susceptible L5
larvae

CDSMAL state variable - Cyclic development stage of male moths

CDSMALI state variable - Cyclic development stage of sublethally
infected male moths

CDSPUP state variable - Cyclic development stage of pupae

CDSPUPI state variable - Cyclic development stage of sublethally
infected pupae

CFDVR parameter - Conversion factor of developmental rate from
artificial diet to chrysanthemum

CFP parameter - Conversion factor of infection chance per
ingested polyhedron from artificial diet to
chrysanthemum

CONSLA1 parameter m2.d-1 Consumption rate of L1 larvae

CONSL2 parameter m2.d-1 Consumption rate L2 larvae



CONSL3
CONSL4
CONSL5
CuMm

Ccv
CVBATCH

CVBATCHI

CVEGG
CVEGGI

CVFEM
CVFEMI

CVL1
CVL1l
CvL2
CvLa2i
CVL3
CVL3l
CvL4
CvL4l
CVL5
CVL5ID

CVL5IS

CVMAL
CVMALI

CVPUP
CVPUPI

DAP
DAPLAI50
DAPLPP50
DELT
DELTLAI
DPBED
DPBEDO
DPCUM
DPCUMO

DPFORLA1

parameter
parameter
parameter
auxiliary
auxiliary
auxiliary

auxiliary

auxiliary
auxiliary

auxiliary
auxiliary

auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary

auxiliary

auxiliary
auxiliary

auxiliary
auxiliary

state variable
parameter
parameter
rate variable
initial condition
state variable
state variable
state variable

state variable

state variable

m2.d-1
m2.d-1
m2.d-1

-3

Consumption rate of L3 larvae

Consumption rate of L4 larvae

Consumption rate of L5 larvae

Help variable for drawing procedure
Coefficient of variation

Coefficient of variation of egg batches in
oviduct

Coefficient of variation of contaminated egg
batches in oviduct

Coefficient of variation of egg batches
Coefficient of variation of contaminated egg
batches

Coefficient of variation of female moths
Coefficient of variation of sublethally infected
female moths

Coefficient of variation of L1 larvae
Coefficient of variation of infected L1 larvae
Coefficient of variation of L2 larvae
Coefficient of variation of infected L2 larvae
Coefficient of variation of L3 larvae
Coefficient of variation of infected L3 larvae
Coefficient of variation of L4 larvae
Coefficient of variation of infected L4 larvae
Coefficient of variation of L5 larvae
Coefficient of variation of lethally infected L5
larvae

Coefficient of variation of sublethally infected
L5 larvae

Coefficient of variation of male moths
Coefficient of variation of sublethally infected
male moths

Coefficient of variation of pupae

Coefficient of variation of sublethally infected
pupae

Age of plants in a bed

Inflection point of logistic LAl growth curve
Infiection point of logistic leaves per plant
growth curve

Time step

LAI stratum

Number of damaged plants per bed, ignoring
overlapping patches

Number of damaged plants per bed, adjusted
for overlapping patches

Cumulative number of damaged plants in the
greenhouse, ignoring overlapping patches
Cumulative number of damaged plants in the
greenhouse, ignoring overlapping patches
Number of damaged plants in foraging domain
of L1 larvae
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DPFORL2

DPFORLS3

DPFORL4

DPFORL5

DPPATCH
DPTOT

DPTOTO

DVR

DVRBATCH

DVRBATCHI

DVRBATIT

DVRBATT

DVREGG
DVREGGI

DVREGGIT

DVREGGT

DVRFEM
DVRFEMI

DVRFEMIT
DVRFEMT
DVRL1
DVRLA1I
DVRL1IT
DVRL1T
DVRL2
DVRL2i
DVRL2IT
DVRL2T
DVRL2T27

DVRL3
DVRL3I

~ state variable

state variable

state variable

state variable

state variable
state variable

state variable

rate variable

rate variable

rate variable

rate variable

rate variable

rate variable
rate variable

rate variable

rate variable

rate variable
rate variable

rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable

rate variable
rate variable

d-1
d-1
d-1
d-1

d-1

d-1
d-1
d-1
d-1
d-1

d-1

Number of damaged plants in foraging domain
of L2 larvae

Number of damaged plants in foraging domain
of L3 larvae

Number of damaged plants in foraging domain
of L4 larvae

Number of damaged plants in foraging domain
of L5 larvae

Number of damaged plants in patch

Total number of damaged plants in
greenhouse, Yignoring'éi\'/é;lé‘pping patches
Total number of damaged plants in
greenhouse, adjusted for overlapping patches
Development rate

Development rate of egg batches in oviduct
Development rate of contaminated egg
batches in oviduct

Development rate of contaminated egg
batches in oviduct as function of temperature
Development rate of egg batches in oviduct as
function of temperature

Development rate of egg batches
Development rate of contaminated egg
batches

Development rate of contaminated egg
batches as function, of temperature
Development rate of éég.batvc’ﬁésh as function
of temperature

Development rate of female moths
Development rate of sublethally infected
female moths

Development rate of sublethally infected
female moths as function of temperature
Development rate of female moths as function
of temperature

Development rate of L1 larvae

Development rate of infected L1 larvae
Development rate of infected L1 larvae as
function of temperature

Development rate of L1 larvae as function of
temperature

Development rate of L2 larvae

Development rate of infected L2 larvae
Development rate of infected L2 larvae as
function of temperature

Development rate of L2 larvae as function of
temperature

Development rate of L2 larvae at 27°C
Development rate of L3 larvae

Development rate of infected L3 larvae



DVRL3IT
DVRL3T
DVRL3T27
DVRL4

DVRL4I
DVRLAIT

DVRL4T
DVRL4T27
DVRL5
DVRL5ID
DVRLSIDT
DVRL5IS
DVRLS5IST
DVRL5T
DVRL5T27
DVRMAL
DVRMALI
DVRMALIT
DVRMALT

DVRPUP
DVRPUPI

DVRPUPIT
DVRPUPT

F
FCBATL

FCBATS
FCCUM
greenhouse
FCEGGL

FCEGGS

FCLVSLA

rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable

rate variable

rate variable
rate variable

rate variable

rate variable

state variable

parameter

parameter

state variable

parameter

parameter

state variable

d-1
d-1
d-1
d-1

d-1
d-1
d-1
d-1
d-1

d-1

d-1
d-1

d-1

d-1
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Development rate of infected L3 larvae as
function of temperature

Development rate of L3 larvae as function of
temperature

Development rate of L3 larvae at 27°C
Development rate of L4 larvae

Development rate of infected L4 larvae
Development rate of infected L4 larvae as
function of temperature

Development rate of L4 larvae as function of
temperature

Development rate of L4 larvae at 27°C
Development rate of L5 larvae

Development rate of lethally infected L5 larvae
Development rate of lethally infected L5 larvae
as function of temperature

Development rate of sublethally infected L5
larvae

Development rate of sublethally infected L5
larvae as function of temperature
Development rate of L5 larvae as function of
temperature

Development rate of L5 larvae at 27°C
Development rate of male moths
Development rate of sublethally infected male
moths

Development rate of sublethally infected male
moths as function of temperature
Development rate of male moths as function of
temperature

Development rate of pupae

Development rate of sublethally infected
pupae

Development rate of sublethally infected
pupae as function of temperature
Development rate of pupae as function of
temperature

Fraction of boxcar contents that is shifted
Fraction contaminated large egg batches
deposited by sublethally infected moths
Fraction contaminated small egg batches
deposited by sublethally infected moths
Cumulative foliage consumption in

Maximum fraction of contaminated eggs in a
large egg batch

Maximum fraction of contaminated eggs in a
small egg batch

Fraction contaminated leaves in L1 foraging
domain
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FCLVSL2

FCLVSL3

FCLVSL4

FCLVSL5

FCPATCH
FCR
FCRLA1
FCRL2
FCRL3
FCRL4
FCRL5
FCTOT

FDOWN

FINFL5S

FINFMAL
FINTIM
FORAR
FSURVFEM
FSURVL1

FSURVL2

FSURVL3

FSURVL4

FSURVL5

FSURVMAL
FSURVPUP
FUP

FX

IA
IACTRAD
IACTRADL1
IACTRADL2
IACTRADL3
IACTRADL4
IACTRADLS
IAIN

IATOT

state variable
state variable
state variable
state variable

state variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
state variable

auxiliary
parameter

state variable
initial condition
initial condition
parameter
parameter

parameter
parameter
parameter
parameter

parameter
parameter
auxiliary

parameter

state variable
initial condition
initial condition
initial condition
initial condition
initial condition
initial condition
state variable
state variable

m2

m2 d-1
m2 d-1
m2 d-1
m2 d-1
m2 d-1
m2 d-1
m2

#
# plants
# plants
# plants
# plants
# plants
# plants
#
#

Fraction contaminated leaves in L2 foraging
domain

Fraction contaminated leaves in L3 foraging
domain

Fraction contaminated leaves in L4 foraging
domain

Fraction contaminated leaves in L5 foraging
domain

Area foliage consumption per patch

Larval foliage consumptic:: iais

Foliage consumption rate of L1 larvae
Foliage consumption rate of L2 larvae
Foliage consumption rate of L3 larvae
Foliage consumption rate of L4 larvae
Foliage consumption rate of L5 larvae

Total area of foliage consumption in
greenhouse

Fraction of sprayed polyhedra at the bottom of
LAl stratum

Fraction of infected L5 larvae that will become
sublethally infected

Fraction of sublethally infected male moths
Time when simulation is terminated

Larval foraging domain

Fraction surviving female moths

Fraction surviving L1 larvae in absence of
virus

Fraction surviving L2 larvae in absence of
virus

Fraction surviving L3 larvae in absence of
virus

Fraction surviving L4 larvae in absence of
virus

Fraction surviving L5 larvae in absence of
virus

Fraction surviving male moths

Fraction surviving pupae

Fraction of sprayed polyhedra at the top of LAl
statum

Cumulative frequency distribution of egg batch
size

Number of individuals in boxcar

Action radius of infected larvae

Action radius of infected L1 larvae

Action radius of infected L2 larvae

Action radius of infected L3 larvae

Action radius of infected L4 larvae

Action radius of infected L5 larvae

Number of individuals flowing in boxcar train
Total number of individuals in boxcar train




IATR
IATRBAT
IATRBATI
IATREGG
IATRFEM
IATRFEMI
IATRL1
IATRL2
IATRL3R
IATRLSS
IATRL4R
IATRL4S
IATRL5IS
IATRL5R

IATRL5S

IATRMAL
IATRMALI

IATRPUP
IATRPUPI

IATRRED
IBATCH
IBATCHI
IBATIN
IBATINI
IBATNR
IBATOUT

IBATOUTI

IBEDDEP
IBEDMAX

difference
difference
difference
difference
difference
difference
difference
difference
difference
difference
difference
difference
difference
difference

difference

difference
difference

difference
difference

difference

state variable

state variable
state variable
state variable
parameter
difference

difference

auxiliary
initial condition

H H

H
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Attrition difference of individuals in boxcar train
per time step

Attrition difference of egg batches in oviduct
per time step

Attrition difference of contaminated egg
batches in oviduct per time step

Attrition difference of egg batches per time
step

Attrition difference of female moths per time
step

Attrition difference of sublethally infected
female moths per time step

Attrition difference of L1 larvae per time step
Attrition difference of L2 larvae per time step
Attrition difference of resistant L3 larvae per
time step

Attrition difference of susceptible L3 larvae per
time step

Attrition difference of resistant L4 larvae per
time step

Attrition difference of susceptible L4 larvae per
time step

Attrition difference of sublethally infected L5
larvae per time step

Attrition difference of resistant L5 larvae per
time step

Attrition difference of susceptible L5 larvae per
time step

Attrition difference of male moths per time step
Attrition difference of sublethally infected male
moths per time step

Attrition difference of pupae per time step
Attrition difference of sublethally infected
pupae per time step

Attrition difference per boxcar per time step
Number of egg batches in oviduct per boxcar
Number of contaminated egg batches in
oviduct per boxcar

Number of batches in oviduct flowing in the
IBATCH boxcar train

Number of infected batches in oviduct flowing
in the IBATCHI boxcar train

Number of deposited egg batches per female
moth

Number of batches in oviduct flowing out
IBATCH boxcar train

Number of batches in infected oviduct flowing
out IBATCHI boxcar train

Bed number where egg batch is deposited
Maximum number of beds
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IBEDPREF

ICAD
ICBATSIZE

ICLCLVS

ICLMAX
ICLVS

ICLVSL1
ICLVSL1CL
ICLVSL2
ICLVSL2CL
ICLVSL3
ICLVSL3CL
ICLVSL4
ICLVSL4CL
ICLVSL5
ICLVSL5CL
ICLVSMAX
ICLVSNR
ICLVSNRLA1
ICLVSNRL2
ICLVSNRL3
ICLVSNRL4

ICLVSNRL5

ICOUNT

auxiliary

output
parameter

auxiliary

parameter
auxiliary

auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
parameter
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary

auxiliary

auxiliary

Bed numbers that are prefered to deposit egg
batches

Number of cadavers in greenhouse

Critical size of egg batch to be a large egg
batch

Canopy layer where contaminated leaf is
located

Maximum number of canopy layers

Help variable for determination of number of
contaminated leaves per patch

Number of contaminated leaves in foraging
domain of L1 larvae

Number of contaminated leaves in foraging
domain per canopy layer of L1 larvae
Number of contaminated leaves in foraging
domain of L2 larvae

Number of contaminated leaves in foraging
domain per canopy layer of L2 larvae
Number of contaminated leaves in foraging
domain of L3 larvae

Number of contaminated leaves in foraging
domain per canopy layer of L3 larvae
Number of contaminated leaves in foraging
domain of L4 larvae

Number of contaminated leaves in foraging
domain per canopy layer of L4 larvae
Number of contaminated leaves in foraging
domain of L5 larvae

Number of contaminated leaves in foraging
domain per canopy layer of L5 larvae
Maximum number of contaminated leaves
Array containing rank numbers of
contaminated leaves per larval foraging
domain

Array containing rank numbers of
contaminated leaves in an L1 larvae foraging
domain

Array containing rank numbers of
contaminated leaves in an L2 larvae foraging
domain

Array containing rank numbers of
contaminated leaves in an L3 larvae foraging
domain

Array containing rank numbers of
contaminated leaves in an L4 larvae foraging
domain

Array containing rank numbers of
contaminated leaves in an L5 larvae foraging
domain

Counter for boxcar train number



ICTEMP

IDIFF
IDOUBLE

IDRFEM
step
IDRFEMI
IDRL1I
IDRL2]
IDRL3I
IDRL4I

IDRL5ID

IDRMAL
IDRMALI

IDRWLEAF
IDRWLOT

IEGG
IEGGI

IEMP

IFEM
IFEMI

IHARV
IHATCH

IHATCHI

IHIT
IHORDIST

IL1
L1l

L2
IL2I

IL3
IL3I

initial condition

auxiliary
auxiliary

difference
difference
difference
difference
difference
difference
difference

difference
difference

function
function

state variable
state variable

auxiliary

state variable
state variable

auxiliary
difference

difference

auxiliary
initial condition

state variable
state variable

state variable
state variable

state variable
state variable

# plants

=

H
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Switch for constant or measured
greenhouse temperature

Help variable for drawing procedure

Help variable for check for more than one
cadavers on a single leaf

Death difference of female moths per time

Death difference of sublethally infected female
moths per time step

Death difference of infected L1 larvae per time
step

Death difference of infected L2 larvae per time
step

Death difference of infected L3 larvae per time
step

Death difference of infected L4 larvae per time
step

Death difference of lethally infected L5 larvae
per time step

Death difference of male moths per time step
Death difference of sublethally infected male
moths per time step

Stochastically chosen leaf number
Stochastically chosen number between
minimum and maximum value

Number of eggs per boxcar per patch

Number of contaminated eggs per boxcar per
patch

Help variable for resetting of living infected
larvae array

Number of female moths per boxcar

Number of sublethally infected female moths
per boxcar

Flag for harvest

Hatch difference of L1 larvae per patch per
time step

Hatch difference of infected L1 larvae per
patch per time step

Help variable for drawing procedure

Array containing the shape and location of
larval foraging domains

Number of L1 larvae per boxcar per patch
Number of infected L1 larvae per boxcar per
patch

Number of L2 larvae per boxcar per patch
Number of infected L2 larvae per boxcar per
patch

Number of L3 larvae per boxcar per patch
Number of infected L3 larvae per boxcar per
patch
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IL3R

iL3S

IL4
IL41

IL4R

IL4S

IL5
IL5ID

IL5IS

IL5R

IL5S

ILAYER1
ILAYER2
ILAYER3
ILIL

ILIP

ILPP
ILPPBED
ILVSCL
IMAL
IMALI

IMAX
IMIN

IMLTFEM

IMLTFEMI

IMLTL2

IMLTL3R
IMLTL3S
IMLTL4R

IMLTL4S

state variable
state variable

state variable
state variable

state variable
state variable

state variable
state variable

state variable
state variable
state variable

state variable
state variable
state variable
auxiliary

auxiliary

state variable
state variable
state variable
state variable
state variable

auxiliary
auxiliary

difference

difference

difference

difference

difference

difference

difference

3+ H O

H H W H K

Number of resistant L3 larvae per boxcar per
patch

Number of susceptible L3 larvae per boxcar
per patch

Number of L4 larvae per boxcar per patch
Number of infected L4 larvae per boxcar per
patch

Number of resistant L4 larvae per boxcar per
patch

Number of susceptible L4 larvae per boxcar
per patch

Number of L5 larvae per boxcar per patch
Number of lethally infected L5 larvae per
boxcar per patch

Number of sublethally infected L5 larvae per
boxcar per patch

Number of resistant L5 larvae per boxcar per
patch

Number of susceptible L5 larvae per boxcar
per patch

Number of LAl strata in lower canopy layer
Number of LAl strata in middle canopy layer
Number of LAl strata in upper canopy layer
Help variable for determination of dying
location of newly infected larvae

Help variable for determination population
totals

Number of leaves per plant in patch

Number of leaves per plant in bed

Number of leaves per canopy layer

Number of male moths per boxcar

Number of sublethally infected male moths per
boxcar

Help variable for drawing procedure

Help variable for drawing procedure
Emergence difference of female moths per
time step

Emergence difference of sublethally infected
female moths per time step

Molt difference of L2 larvae per patch per time
step

Molt difference of resistant L3 larvae per patch
per time step

Molt difference of susceptible L3 larvae per
patch per time step

Molt difference of resistant L4 larvae per patch
per time step

Molt difference of susceptible L4 larvae per
patch per time step



IMLTL5R

IMLTL5S

IMLTMAL

IMLTMALI

IMLTPUPI

IMLTPUPR

IMLTPUPS

IMOULTP
IMOULTPI

IN
INBATINFL

INCLVS
INEWNR
INFEGG
INFOCLVS
INFOLIL
INFRHT

INFRHTD

INFRHTS

INFRREDHT

INFRREDHTD

INFRREDHTS

INFRREDS

INFRREDSD

difference
difference
difference
difference
difference
difference
difference

difference
difference

initial condition

initial condition

initial condition
auxiliary

state variable
auxiliary
auxiliary

difference

difference

difference

difference

difference

difference

difference

difference

I

#*
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Molt difference of resistant L5 larvae per patch
per time step

Molt difference of susceptible L5 larvae per
patch per time step

Emergence difference of male moths per time
step

Emergence difference of sublethally infected
male moths per time step

Pupation difference of sublethally infected
pupae per patch per time step

Pupation difference of resistant pupae per
patch per time step

Pupation difference of susceptible pupae per
patch per time step

Pupation difference of pupae per time step
Pupation difference of sublethally infected
pupae per time step

Number of boxcars per boxcar train

Number of fertilized female moths entering the
greenhouse and depositing egg batches per
inflight event

Initial number of contaminated leaves

Help variable for harvest

Number of contaminated eggs per egg batch
Array containing co-ordinates of contaminated
leaves

Array containing co-ordinates of infected
larvae

Infection difference by horizontal transmission
of larvae per boxcar train per time step
Infection difference by horizontal transmission
of L5 larvae into lethally infected L5 larvae per
boxcar train per time step

Infection difference by horizontal transmission
of L5 larvae into sublethally infected L5 larvae
in boxcar train per time step

Infection difference by horizontal transmission
of uninfected into infected larvae per boxcar
per time step

Infection difference by horizontal transmission
of L5 larvae into lethally infected L5 larvae per
boxcar per time step

Infection difference by horizontal transmission
of L5 larvae into sublethally infected L5 larvae
per boxcar per time step

Infection difference by ingestion of sprayed
polyhedra of larvae per boxcar per time step
Infection difference by ingestion of sprayed
polyhedra of lethally infected L5 larvae per
boxcar per time step
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INFRREDSS

INFRS

INFRSD

INFRSS

INPAT
INPLANT
INSETS
INSPRAY
INSTAR
INTATR
INTINFHT
INTINFS
IOLDLAR
IOUTFL
IOUTFLFEM
IOUTFLMAL
IOUTFLR
IOUTFLS
P

ITOT1I
ITOT2I
ITOT3I
ITOT4I
ITOTSI
IPATCUM
IPATDAT
IPATEGG
IPATEGGI

IPATLA

difference

difference

difference

difference

initial condition
auxiliary
auxiliary

initial condition
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
difference
difference
difference
difference
difference
auxiliary

state variable
state variable
state variable
state variable
state variable
output

initial condition
state variable

state variable

state variable

H oH W H H H

Infection difference by ingestion of sprayed

polyhedra of sublethally infected L5 larvae

per boxcar per time step

Infection difference by ingestion of sprayed

polyhedra of individuals per boxcar train per

time step

Infection difference by ingestion of sprayed

polyhedra to lethally infected L5 larvae in

boxcar train per time step

Infection difference by ingestion of sprayed

polyhedra to sublethally infected L5 larvae in

boxcar train per time step

Initial number of patches

Number of plants per bed

TTUTIL variable

Number of virus appilications during simulation _
Instar of larvae :
Help variable for determination of attrition
difference

Help variable for determination of infection
difference by horizontal transmission

Help variable for determination of infection
difference by ingestion of sprayed polyhedra
Help variable for co-ordinates of living infected
larvae

Outflow difference of individuals from final
boxcar per time step

Outflow difference of pupae developing into
female moths in final boxcar per time step
Outflow difference of pupae developing into
male moths in final boxcar per time step
Outflow difference of resistant individuals from
final boxcar per time step

Outflow difference of susceptible individuals
from final boxcar per time step

Pointer for patch number

Total number of infected L1 larvae

Total number of infected L2 larvae

Total number of infected L3 larvae

Total number of infected L4 larvae

Total number of infected L5 larvae
Cumulative number of patches in greenhouse
Array containing co-ordinates of patches in
greenhouse

Number of egg baiches in boxcar train per
patch

Number of contaminated egg batches in
boxcar train per patch

Number of L1 larvae in boxcar train per patch



IPATL1I

IPATL2
IPATL2I

IPATL3I

IPATL3R

IPATL3S

IPATLA4I

IPATL4R

IPATLAS

IPATLSID

IPATLS5IS

IPATL5R

IPATL5S

IPATLOW

IPCLVS
IPLANTLA

IPLANTL2

IPLANTL3

IPLANTL4

IPLANTL5

IPLLOW

IPLUP

IPMAX
IPOINM

IPPRDIF

IPPRLOW

IPPRMAX

state variable

state variable
state variable

state variable
state variable
state variable
state variable
state variable
state variable
state variable
state variable
state variable
state variable
auxiliary

auxiliary
initial condition

initial condition
initial condition
initial condition
initial condition
auxiliary
auxiliary

parameter
parameter

auxiliary
auxiliary

initial condition

H

# plants

#

-13

Number of infected L1 larvae in boxcar train
per patch

Number of L2 larvae in boxcar train per patch
Number of infected L2 larvae in boxcar train
per patch

Number of infected L3 larvae in boxcar train
per patch

Number of resistant L3 larvae in boxcar train
per patch

Number of susceptible L3 larvae in boxcar
train per patch

Number of infected L4 larvae in boxcar train
per patch

Number of resistant L4 larvae in boxcar train
per patch

Number of susceptible L4 larvae in boxcar
train per patch

Number of lethally infected L5 larvae per
boxcar

Number of sublethally infected L5 larvae per
boxcar

Number of resistant L5 larvae in boxcar train
per patch

Number of susceptible L5 larvae in boxcar
train per patch

Pointer for lowest patch number containing
larvae

Pointer for number of contaminated leaves
Number of plants in foraging domain of L1
larvae '
Number of plants in foraging domain of L2
larvae

Number of plants in foraging domain of L3
larvae

Number of plants in foraging domain of L4
larvae

Number of plants in foraging domain of L5
larvae

Pointer for infected larvae with lowest rank
number

Pointer for infected larvae with highest rank
number

Maximum number of patches in greenhouse
Maximum value for contaminated leaves and
infected larvae

Distance between contaminated leaf and egg
batch

Lowest possible plant per row co-ordinate for
location of infected larvae

Maximum number of plants per row in bed
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IPPRUP
IPSOURCE

IPUP
IPUPI

IRA
IREDATR
IREDINFRHT

IREDINFRS

IRLTHT
IRL1S
IRL2HT
IRL2S
IRL3RHT
IRL3RS
IRL3SHT

IRL3SS

IRLARHT
IRL4RS
IRL4SHT

IRL4SS
IRLSRHTD
IRLSRHTS

IRLSRHTSAR

auxiliary
auxiliary

state variable
state variable

difference
difference
difference

difference

difference
difference
difference
difference
difference
difference
difference

difference

difference
difference
difference

difference

difference

difference

difference

H*H H

Highest possible plant per row co-ordinate

for location of infected larvae

Number of contaminated leaves in larval
foraging domain

Number of pupae per boxcar

Number of sublethally infected pupae per
boxcar

Integer value of number of shifted individuals
to next boxcar per time step

Attrition difference of individuals in boxcar

per time step

Infection difference by horizontal transmission
of individuals in boxcar per time step

Infection difference by ingestion of sprayed
polyhedra of individuals in boxcar per time
step

Infection difference by horizontal transmission
of L1 larvae per time step

Infection difference by ingestion of sprayed
polyhedra of L1 larvae per time step

Infection difference by horizontal transmission
of L2 larvae per time step

Infection difference by ingestion of sprayed
polyhedra of L2 larvae per time step

Infection difference by horizontal transmission
of resistant L3 larvae per time step

Infection difference by ingestion of sprayed
polyhedra of resistant L3 larvae per time step
Infection difference by horizontal transmission
of susceptible L3 larvae per time step
Infection difference by ingestion of sprayed
polyhedra of susceptible L3 larvae per time
step

Infection difference by horizontal transmission
of resistant L4 larvae per time step

Infection difference by ingestion of sprayed
polyhedra of resistant L4 larvae per time step
Infection difference by horizontal transmission
of susceptible L4 larvae per time step
Infection difference by ingestion of sprayed
polyhedra of susceptible L4 larvae per time
step

Infection difference by horizontal transmission
of resistant L5 larvae into lethally infected L5
larvae per time step

Infection difference by horizontal transmission
of resistant L5 larvae into sublethally infected
L5 larvae per time step

Array of infection differences by horizontal
transmission of resistant L5 larvae into



IRL5RSD

IRL5RSS

IRL5RSSAR

IRL5SHTD

IRLESHTS

IRLSSHTSAR

IRL5SSD

IRL5SSS

IRL5SSSAR

IROUND
IROWDIF

IROWLOW

IROWMAX
IROWUP
of

ISET
ISOURCE
by
ISTOCH
ITASK
ITOT

ITOTAL
ITOTBAT

ITOTBATI

difference

difference

difference

difference

difference

difference

difference

difference

difference

function
auxiliary

auxiliary
initial condition

auxiliary

auxiliary
auxiliary

initial condition
auxiliary
output

auxiliary
state variable

state variable
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sublethally infected L5 larvae per time step
Infection difference by ingestion of sprayed
polyhedra of resistant L5 larvae into lethally
infected L5 larvae per time step

Infection difference by ingestion of sprayed
polyhedra of resistant L5 larvae into
sublethally infected L5 larvae per time step
Array of infection differences by ingestion of
sprayed polyhedra of resistant L5 larvae into
sublethally infected L5 larvae per time step
Infection difference by horizontal transmission
of susceptible L5 larvae into lethally infected
L5 larvae per time step

Infection difference by horizontal transmission
of susceptible L5 larvae into sublethally
infected L5 larvae per time step

Array of infection differences by horizontal
transmission of susceptible L5 larvae into
sublethally infected L5 larvae per time step
Infection difference by ingestion of sprayed
polyhedra of susceptible L5 larvae into lethally
infected L5 larvae per time step

Infection difference by ingestion of sprayed
polyhedra of susceptible L5 larvae into
sublethally infected L5 larvae per time step
Array of Infection differences by ingestion of
sprayed polyhedra of susceptible L5 larvae
into sublethally infected L5 larvae per time
step

Stochastically rounded real value into integer
Distance between contaminated leaf and egg
batch

Lowest possible row co-ordinate for location of
infected larvae

Maximum number plant rows in bed

Highest possible row co-ordinate for location

infected larvae
TTUTIL variable
Contaminated leaf that is source of infection

horizontal transmission

Switch for stochasticity in egg batch size
Task that subroutine should perform

Total number of living individuals in and
outside patches

Help variable for population totals

Total number of egg batches in oviduct in
greenhouse

Total number of contaminated egg batches in
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ITOTEGG
ITOTEGGI

ITOTFEM
ITOTFEMI

ITOTIP
ITOTL1
ITOTLAI

ITOTL2
ITOTL2I

ITOTL3
TOTL3I

ITOTL4
ITOTLAI

ITOTLS
ITOTLSID

ITOTLSIS
ITOTLIL

ITOTMAL
ITOTMALI

ITOTOP

ITOTPUP
ITOTPUPI

K

LAI

LAIO
LAIBED
LAIHARV
LAIMAX
LAIPREF

LOT
LPDL1

day
LPDL1T27
LPDL2
day
LPDL2T27

output
output

state variable
state variable

output
output
output

output
output

output
output

output
output

output
output

output
auxiliary

state variable
state variable

output

state variable
state variable

initial condition
state variable
parameter
state variable
initial condition
parameter
parameter

auxiliary
parameter

auxiliary
parameter

auxiliary

m2.m-2
m2.m-2
m2.m-2
m2.m-2
m2.m-2
m2.m-2
m2.m-2

d-1
d-1

d-1

oviduct in greenhouse

Total number of egg batches in greenhouse
Total number of contaminated egg batches in
greenhouse

Total number of female moths in greenhouse
Total number of sublethally infected female
moths in greenhouse

Total number of living individuals in patches
Total number of L1 larvae in greenhouse
Total number of infected L1 larvae in
greenhouse

Total number of L2 larvae in greenhouse
Total number of infected L2 larvae in
greenhouse

Total number of L3 larvae in greenhouse
Total number of infected L3 larvae in
greenhouse

Total number of L4 larvae in greenhouse
Total number of infected L4 larvae in
greenhouse

Total number of L5 larvae in greenhouse
Total number of lethally infected L5 larvae in
greenhouse

Total number of sublethally infected L5 larvae
in greenhouse

Total number of infected larvae per instar in
greenhouse

Total number of male moths in greenhouse
Total number of sublethally infected male
moths in greenhouse

Total number of living individuals outside
patches

Total number of pupae in greenhouse

Total number of sublethally infected pupae in
greenhouse ~

Extinction coefficient of crop for spray

Leaf area index of crop in patch

Initial leaf area index of crop

Leaf area index of crop in bed

Leaf area index of crop at harvest

Maximum leaf area index of crop

Maximum leaf area index of crop to be
preferred for egg deposition

Random number between 0 and 1

Mean number of leaf visits of L1 larvae per

Leaf visit rate of L1 larvae at 27°C
Mean number of leaf visits of L2 larvae per

Leaf visit rate of L2 larvae at 27°C



LPDL3
day
LPDL3T27
LPDL4
day
LPDLAT27
LPDL5
LPDL5T27
LPPO
LPPMAX
OUTFL

PDEFORLA1
PDEFORL2
PDEFORLS3
PDEFORL4
PDEFORLS5
PDERFORLA1
PDERFORL2
PDERFORL3
PDERFORL4
PDERFORL5
PDERL1
PDERL2
PDERL3
PDERL4
PDERLS

PHD

PHDBED
PHDIRBED

PHDIRLAR
PHDLA1
PHDL2
PHDL3
PHDLARTOT

PHDPROD

parameter

auxiliary
parameter

auxiliary
parameter
auxiliary
parameter
parameter
difference
state variable
state variable
state variable
state variable
state variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable

state variable

state variable
rate variable

rate variable

state variable
state variable
state variable

state variable

parameter

# d-1

# d-1

# d-1

#d-1

# d-1

# d-1

# d-1

# d-1

#d-1
#d-1

#.d-1

#.d-1

H o H H

# larvae-1
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Mean number of leaf visits of L3 larvae per

Leaf visit rate of L3 larvae at 27°C
Mean number of leaf visits of L4 larvae per

Leaf visit rate of L4 larvae at 27°C

Mean number of leaf visits of L5 arvae per day
Leaf visit rate of L5 larvae at 27°C

Initial number of leaves per plant in patch
Maximum number of leaves per plant
Ouitflow difference of individuals from final
boxcar per time step

Number of plant damage events in foraging
domain of L1 larvae

Number of plant damage events in foraging
domain of L2 larvae

Number of plant damage events in foraging
domain of L3 larvae

Number of plant damage events in foraging
domain of L4 larvae

Number of plant damage events in foraging
domain of L5 larvae

Plant damage event rate in foraging domain
of L1 larvae

Plant damage event rate in foraging domain
of L2 larvae

Plant damage event rate in foraging domain
of L3 larvae

Plant damage event rate in foraging domain
of L4 larvae

Plant damage event rate in foraging domain
of L5 larvae

Plant damage rate of L1 larvae

Plant damage rate of L2 larvae

Plant damage rate of L3 larvae

Plant damage rate of L4 larvae

Plant damage rate of L5 larvae

Number of polyhedra per LAI stratum per
patch

Number of polyhedra per LAl stratum per bed
Inactivation rate of polyhedra per LAI stratum
of bed

Inactivation rate of polyhedra produced in
larvae

Number of polyhedra in lower canopy layer
Number of polyhedra in middle canopy layer
Number of polyhedra in upper canopy layer
Total number of polyhedra produced in larvae
present in the greenhouse

Array containing polyhedra production per
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PHDSPR
PHDTOTBED
PL1

PL2

PL3R

PL3S

PL4R

PL4S

PL5R

PL5S

POLDEN
RA

RATR
RATRFEM
RATRLA
RATRL2
RATRL3
RATRL4
RATRL5
RATRMAL
RATRPUP
REALATR

REALINFHT
REALINFS

RESPHD
REST

RGRLAI
RGRLPP
RINACTR
RINFRHT
RINFRS

RIRCLA1

initial condition

state variable

parameter

parameter

parameter

parameter

parameter

parameter

parameter

parameter

state variable

rate variable

rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
rate variable
auxiliary

auxiliary
auxiliary

parameter -
auxiliary

parameter
parameter
parameter
auxiliary

auxiliary

auxiliary

larval instar

#.m-2 ground Density of sprayed polyhedra of virus

#-1
#-1
#-1
#-1
#-1
#-1
#.m-2
d-1
d-1
d-1
d-1
d-1
d-1
d-1

d-1
d-1

#.m-2

d-1

d-1
d-1

d-1

d-1

application

Total number of polyhedra of LAl strata per
bed

Infection chance per ingested polyhedron for
L1 larvae

Infection chance per ingested polyhedron for
L2 larvae

Infection chance per ingested polyhedron for
resistant L3 larvae

Infection chance per ingested polyhedron for
susceptible L3 larvae

Infection chance per ingested polyhedron for
resistant L4 larvae '
Infection chance per ingested polyhedron for
susceptible L4 larvae

Infection chance per ingested polyhedron for
resistant L5 larvae

Infection chance per ingested polyhedron for
susceptible L5 larvae

Polyhedra density per canopy layer

Real value of number of shifted individuals to
next boxcar per time step

Relative attrition rate )
Relative attrition rate of female moths
Relative attrition rate of L1 larvae

Relative attrition rate of L2 larvae

Relative attrition rate of L3 larvae

Relative attrition rate of L4 larvae

Relative attrition rate of L5 larvae

Relative attrition rate of male moths

Relative attrition rate of pupae

Help variable for determination of attrition
difference

Help variable for determination of infection
difference by horizontal transmission

Help variable for determination of infection
difference by ingestion of sprayed polyhedra
Residual density of infectious polyhedra
Help variable for determination of number of
leaves per canopy layer

Relative growth rate of LAI

Relative growth rate of leaves per plant
Relative polyhedra inactivation rate

Relative infection rate by horizontal
transmission

Relative infection rate by ingestion of sprayed
polyhedra

Relative infection rate by horizontal



RIRCL2

RIRCL3

RIRCL4

RIRCL5

RIRL1HT

RIRL1S

RIRL2HT

RIRL2S

RIRL3HT

RIRL3RS

RIRL3SS

RIRL4HT

RIRL4RS

RIRL4SS

RIRL5HT

RIRL5RS

RIRL5SS

RLATR
RLINFHT

RLINFS

SDBAT

SDBATI

SDEGG

SDEGGI

SDFEM

auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary

difference
difference

difference
auxiliary
auxiliary
auxiliary
auxiliary

auxiliary

d-1

d-1

d-1

d-1

d-1

d-1

d-1

d-1

d-1

d-1

d-1

d-1

d-1

d-1

d-1

d-1

d-1

d-1

d-1

d-1

d-1

d-1
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transmission per canopy layer of Lilarvae
Relative infection rate by horizontal
transmission per canopy layer of L2 larvae
Relative infection rate by horizontal
transmission per canopy layer of L3 larvae
Relative infection rate by horizontal
transmission per canopy layer of L4 larvae
Relative infection rate by horizontal
transmission per canopy layer of L5 larvae
Relative infection rate by horizontal
transmission of L1 larvae

Relative infection rate by ingestion of
sprayed polyhedra of L1 larvae

Relative infection rate by horizontal
transmission of L2 larvae

Relative infection rate by ingestion of sprayed
polyhedra of L2 larvae '
Relative infection rate by horizontal
transmission of L3 larvae

Relative infection rate by ingestion of sprayed
polyhedra of resistant L3 larvae

Relative infection rate by ingestion of sprayed
polyhedra of susceptible L3 larvae

Relative infection rate by horizontal
transmission of L4 larvae

Relative infection rate by ingestion of sprayed
polyhedra of resistant L4 larvae

Relative infection rate by ingestion of sprayed
polyhedra of susceptible L4 larvae

Relative infection rate by horizontal
transmission of L5 larvae

Relative infection rate by ingestion of sprayed
polyhedra of resistant L5 larvae

Relative infection rate by ingestion of sprayed
polyhedra of susceptible L5 larvae

Attrition difference per time step

Infection difference by horizontal
transmission of larvae in boxcar per time step
Infection difference by ingestion of sprayed
polyhedra of larvae in boxcar per time step
Standard deviation of development rate of egg
batches in oviduct

Standard deviation of development rate of
contaminated egg batches in oviduct
Standard deviation of development rate of egg
batches

Standard deviation of development rate of
contaminated egg batches

Standard deviation of development rate of
female moths
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SDFEMI

SDL1

SDL1I

SDL2

SDL2]

SDL3

SDL3I

SDL4

SDL4I

SDL5

SDL5ID

SDLS5IS

SDMAL

SDMALI

SDPUP

SDPUPI

SEXRAT
SUMW

TBATINFL

TEMP
TEMPT

TIME
TSPRAY
VERTDIST
X

auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary
auxiliary

parameter
auxiliary

initial condition

initial condition
initial condition

initial condition
initial condition
parameter
parameter

d-1
d-1
d-1
d-1

d-1

d-1
d-1
d-1
d-1

d-1

degree C
degree C

d
d

Standard deviation of development rate of
sublethally infected female moths

Standard deviation of development rate of

L1 larvae

Standard deviation of development rate of
infected L1 larvae

Standard deviation of development rate of
L2 larvae

Standard deviation of development rate of
infected L2 larvae

Standard deviation of development rate of L3
larvae

Standard deviation of development rate of
infected L3 larvae

Standard deviation of development rate of L4
larvae

Standard deviation of development rate of \
infected L4 larvae

Standard deviation of development rate of L5
larvae

Standard deviation of development rate of
lethally infected L5 larvae

Standard deviation of development rate of
sublethally infected L5 larvae

Standard deviation of development rate of
male moths

Standard deviation of development rate of
sublethally infected male moths

Standard deviation of development rate of
pupae

Standard deviation of development rate of
sublethally infected pupae

Sexratio

Help variable for determination of weighed
sum

Moment of inflight of fertilized female moths
in greenhouse

Temperature

Array containing hourly measured
temperatures in greenhouse

Time

Time of virus application

Fraction larvae per canopy layer

X-axis of cumulative frequency distribution of
egg batch size



Appendix lll: Listing of BACSIM

* BACSIM

* Author

* Date

* Purpose:

F.J.J.A. Bianchi

Laboratoria of Virology and Theoretical Production
Ecology,

Wageningen University.

Correspondence adress:

W. van der Werf

Laboratory of Crop and Weed Ecology

Haarweg 333

6709 RZ Wageningen, The Netherlands

20-10-2000

The program BACSIM simulates the population dynamics

of the beet armyworm (Spodoptera exigua) in greenhouse
chrysanthemum and the biological control of this pest
insect with baculoviruses. Beet armyworm larvae that
ingest a lethal dose of polyhedra become infected,
produce new polyhedra and die. At the end of the virus
infection, larvae disintegrate and spread the newly
formed virus particles. There are three major routes

of virus infection: virus infection by ingestion of
sprayed virus, virus infection by horizontal
transmission (ingestion of polyhedra originating from
a cadaver) and vertical transmission (transmission of
virus from adult to progeny). The location of egg
batches and foraging domains of larvae as well as the
location of dead infected larvae in the crop are stored
using 4 co-ordinates (bed (=group of plants of the same
age), rownumber, plantnumber per row and leafnumber per
plant). Insect development is simulated for individual
patches with integer boxcar trains. Separate boxcar
trains are used for uninfected and infected insects.
The integration order is: initialization (ITASK=1),
forcing functions and auxiliary variables (ITASK=2),
differences and rate variables (ITASK=3), generation of
output (ITASK=4), state variables (ITASK=5) and shift
(ITASK=6) .

* Subroutines called:
* from TTUTIL: FOPENS,RDSETS, RDFROM

* own:

FILES (file management)
INITIM (initialization of time statements)

SPADIS (spatial distribution of Spodoptera exigua)

SEDEV (Spodoptera exigua development)
VIRUS (quantity and distribution of sprayed virus)
CROP (crop development)

-1




Hr-2

* RIRHT (relative infection rate by horizontal

* transmission)

* RIRSPR (relative infection rate by ingestion of
* sprayed virus)

PROGRAM BACSIM

PARAMETER (IPMAX = 200)
PARAMETER (ICLMAX = 3)

* Declaration of global variables

INTEGER IPATCUM, IPATL1, IPATL2, IPATL3S, IPATL3R, IPATL4S,
IPATL4R, IPATL5S, IPATL5R, IPATL1T, IPATL2I, IPATL3I,
IPATL4TI,ITIL5D, ITILSS,IDRL1I, IDRL2I, IDRL3I,IDRLA4TI,
IDRL5ID, IMLTMAL, IMLTFEM, IMLTMALTI, IMLTFEMI, IDRMAL,
IDRFEM, IDRMALTI, IDRFEMI, IRL1HT, TRL2HT, IRL3SHT,
IRL3RHT, IRL4SHT, IRL4RHT, IRL5SHTS, IRL5RHTS, IRLSSHTD,
IRL5SRHTD, IRL1S, IRL2S, IRL3SS, IRL3RS, IRL4SS, IRL4RS,
IRL5SSS, IRL5RSS, IRL5SSD, IRL5RSD, ITOTMAL, ITOTFEM,

- ITOTMALI, ITOTFEMI, IBATIN, IBATINI, IBATOUT, IBATOUTI,

IHATCHI, IPATDAT, ILPP, IPATLOW, THARV, ITOTPUP, ITOTPUPI,
IPLANTL1, IPLANTL2, TPLANTL3, IPLANTL4 , IPLANTLS5, INPLANT

REAL DELT, TIME, FINTIM, FCLVSL1, FCLVSL2, FCLVSL3, FCLVSL4,
FCLVSL5, RIRL1HT, RIRL2HT, RIRL3HT, RIRL4HT, RIRLSHT,
LAI,RIRL1S,RIRL2S,RIRL3SS,RIRL3RS,RIRL4SS,RIRL4RS,
RIRL5SS,RIRL5RS, VERTDIST, LAIBED, PHD, DELTLAI,DVRL1,
DVRL2, DVRL3,DVRL4, DVRL5, PHDLARTOT, LPDL1, LPDL2, LPDL3,
LPDL4, LPDL5

DIMENSION IPATLI1 (IPMAX), IPATL2 (IPMAX), IPATL3S (IPMAX),
IPATL3R (IPMAX) , IPATL4S (IPMAX) , IPATL4R (IPMAX) ,
IPATL5S (IPMAX) , IPATL5R (IPMAX) , IPATL1I (IPMAX) ,
IPATL2I (IPMAX) , IPATL3I (IPMAX) , IPATLAT (IPMAX),
ITILSD (IPMAX) , ITIL5S (IPMAX) , IDRL1I (IPMAX),
IDRL2I (IPMAX) , IDRL3I (IPMAX) , IDRL4I (IPMAX),
IDRLSID (IPMAX) ,FCLVSL1 (IPMAX, 3) , FCLVSL2 (IPMAX, ICLMAX) ,
FCLVSL3 (IPMAX, ICLMAX) , FCLVSL4 (IPMAX, ICLMAX) ,
FCLVSL5 (IPMAX, ICLMAX) ,RIRL1HT (IPMAX) , RIRL2HT (IPMAX) ,
RIRL3HT (IPMAX) ,RIRL4HT (IPMAX) ,RIRLSHT (IPMAX) ,
LATI (IPMAX) , IRL1HT (IPMAX) , IRL2HT (IPMAX) , IRL3SHT (IPMAX) ,
IRL3RHT (IPMAX) , IRL4SHT (IPMAX) , IRL4RHT (IPMAX) ,
IRL5SHTS (IPMAX) , IRLSRHTS (IPMAX) , IRL5SHTD (IPMAX) ,
IRL5RHTD (IPMAX) ,RIRL1S(IPMAX) ,RIRL2S (IPMAX),
RIRL3SS (IPMAX) ,RIRL3RS (IPMAX) ,RIRL4SS (IPMAX),
RIRL4RS (IPMAX) ,RIRL5SS (IPMAX) ,RIRL5RS (IPMAX) ,
IRL1S (IPMAX) , IRL2S (IPMAX) , IRL3SS (IPMAX) , IRL3RS (IPMAX) ,
IRL4SS (IPMAX) , IRL4RS (IPMAX) , IRL5SSS (IPMAX) ,
IRL5RSS (IPMAX) , IRL5SSD (IPMAX) , IRL5SRSD (IPMAX) ,
VERTDIST (3,5), IHATCHI (IPMAX) , IPATDAT (3, IPMAX) ,
ILPP (IPMAX) ,LAIBED (IPMAX) , PHD (IPMAX, 60)
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TTUTIL commands

CALL FOPENS (40, 'RERUNS.LOG', 'NEW', 'DEL')
CALL RDSETS (10,40, 'RERUNS.DAT', INSETS)
TTUTIL loop
DO 30 ISET

TTUTIL commands
CALIL. RDFROM(ISET, .TRUE.)

Initialize TTSELECT output file
CALL OUTDAT (1,20, 'TIME',0.)

0, INSETS
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*

Initial part
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Initialization of time variables
CALL INITIM(ITASK,

TIME, DELT, FINTIM)

Initialization of SPADIS variables

CALL SPADIS (ITASK, IPATLOW, IPATCUM, IRL1HT, IRL2HT,
IRL3SHT, IRL3RHT, IRL4SHT, IRL4RHT, IRL5SHTD,
IRL5RHTD, IRL1S, IRL2S, IRL3SS, IRL3RS, IRL4SS,
IRL4RS, IRL58SD, IRL5S5RSD, IDRL1T, IDRL2T, IDRL3I,
IDRL4I, IDRL5ID, IPATL1I, ITPATL2I, IPATL3I, IPATLAT,
ITILS5D, IBATOUT, IBATOUTI, IHATCHI, ILPP, LATIBED, IHARV,

FCLVSL1, FCLVSL2, FCLVSL3, FCLVSL4, FCLVSLS5,
VERTDIST, IPATDAT, IPLUP, IPCLVS, ICAD, IPLANTLI1,
IPLANTL2, IPLANTL3, IPLANTL4, IPLANTLS5, INPLANT,
PHDLARTOT)

Initialization of SEDEV variables

CALL SEDEV (ITASK, TIME,DELT, IHARV, IPATDAT, RIRL1HT,RIRL2HT,
RIRL3HT,RIRL4HT, RIRL5HT,RIRL1S,RIRL2S,RIRL3SS,
RIRL3RS,RIRL4SS,RIRL4RS,RIRL5SS, RIRL5RS,

IPATL1, IPATL2, IPATL3S, IPATL3R, IPATL4S, IPATL4R,
IPATLS5S, IPATLSR, IPATL1I, IPATL2I, IPATL3I, IPATLAT,
ITIL5S,ITIL5D, IDRL1I, IDRL2I, IDRL3I, IDRL4I,
IDRL5ID, IMLTMAL, IMLTFEM, IMLTMALI, IMLTFEMI,
IDRMAL, IDRFEM, IDRMALI, IDRFEMI, IRL1HT, IRL2HT,
IRL3SHT, IRL3RHT, IRL4SHT, IRL4RHT, IRL5SHTS,
IRL5RHTS, IRL5SHTD, IRLSRHTD, IRL1S, IRL2S, IRL3SS,
IRL3RS, IRL4SS, IRL4RS, IRL5SSS, IRL5RSS, IRL5SSD,
IRL5RSD, ITOTMAL, ITOTFEM, ITOTMALI, ITOTFEMI,
IBATIN, IBATINI, IBATOUT, IBATOUTI, IHATCHI,
IPATLOW, IPATCUM, DVRL1,DVRL2, DVRL3, DVRL4, DVRLS5,
DVRL1I,DVRL2I,DVRL3I,DVRL4I,DVRLS5ID, ITOTPUP,

-3
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$ ITOTPUPT)
* Initialization of VIRUS variables
CALL VIRUS(ITASK,DELT,IHARV,IPATLOW,IPATCUM,IPATDAT,
S LATIBED, IBATOUT, IBATOUTI,DELTLAI, TIME,
$ PHD, PHDLARTOT)
* Initialization of CROP variables

CALL CROP (ITASK, IPATL1, IPATL2, IPATL3S, IPATL3R, IPATL4S, IPATLA4R,
IPATLS5S, IPATLSR, IPATL1I, IPATL2I, IPATL3T, IPATLAT,
ITIL5S, ITIL5D, DELT, IPATCUM, IPATDAT, IBATOUT, IBATOUTT,
IPATLOW, DVRL1, DVRL2, DVRL3 , DVRL4 , DVRLS5 , DVRL1I, DVRL21,
DVRL3T,DVRL4I, IPLANTL1, IPLANTL2, IPLANTL3,
IPLANTL4, IPLANTLS, INPLANT,
LAT, ILPP, LAIBED, IHARV, FCCUM, LPDL1, LPDL2, E
LPDL3, LPDL4 , LPDL5)

“r »r r VB v Y W»r

* Initialization of RIRHT variables
CALL RIRHT (ITASK, FCLVSL1,FCLVSL2,FCLVSL3, FCLVSL4, FCLVSLS5,
s DELT, IPATCUM, VERTDIST, IPATLOW, LPDL1, LPDL2,
IS LPDL3, LPDL4,LPDLS5,
RIRL1HT,RIRL2HT,RIRL3HT, RIRL4HT, RIRLSHT)

* Initialization of RIRS variables
CALL RIRSPR(ITASK, LAI, PHD, IPATCUM, VERTDIST, IPATLOW,
S DELTLAI,DVRL1, DVRL2,DVRL3,DVRL4,DVRLS5,
S RIRL1S,RIRL2S,RIRL3SS,RIRL3RS,RIRL4SS,
S RIRL4RS,RIRL5SS, RIRL5RS)

* Dynamic loop
10 DO 20 WHILE (TIME.LE.FINTIM)

LESE R EEEEE AL S SRR R R R R R R TR R R

* forcing functions and auxiliary variables

R EEEEE SRR R R SRR EEEESEE RS R R R R R R R R

ITASK = 2
* Calculation of forcing functions for Spodoptera exigua
* development

CALL SEDEV (ITASK, TIME,DELT, IHARV, IPATDAT,
RIRL1HT,RIRL2HT, RIRL3HT, RIRLAHT, RIRLSHT,
RIRL1S,RIRL2S,RIRL3SS, RIRL3RS,RIRL4SS, RIRL4RS,
RIRL5SS,RIRL5RS,

IPATL1, IPATL2, IPATL3S, IPATL3R, IPATL4S,
IPATL4R, IPATL5S, IPATLS5R, IPATL1I, IPATL2I,
IPATL3I, IPATL4I,ITIL5S,ITIL5D, IDRL1I,

IDRL2I, IDRL3I, IDRL4I, IDRL5ID, IMLTMAL, IMLTFEM,
IMLTMALI, IMLTFEMI, IDRMAL, IDRFEM, IDRMALI,
IDRFEMI, IRL1HT, IRL2HT, IRL3SHT, IRL3RHT,

v vr vr vr W W»r Yr B W
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IRL4SHT, IRL4RHT, IRL5SHTS, IRL5RHTS, IRL5SHTD,
IRLSRHTD, IRL1S, IRL2S, IRL3SS, IRL3RS, IRL4SS,
IRL4RS, IRL5SSS, IRL5RSS, IRL5SSD, IRL5RSD,
ITOTMAL, ITOTFEM, ITOTMALI, ITOTFEMI, IBATIN,
IBATINI, IBATOUT, IBATOUTI, THATCHI, IPATLOW,
IPATCUM, DVRL1,DVRL2, DVRL3,DVRL4,DVRL5,
DVRL1I,DVRL2I,DVRL3I,DVRL4I,DVRL5ID, ITOTPUP,
ITOTPUPI)

“r »r vr »r ¥ »r »r »

* Calculation of auxiliary variables for Spodoptera exigua
* spatial distribution
CALL SPADIS (ITASK,IPATLOW, IPATCUM, IRL1HT, IRL2HT,
TIRL3SHT, IRL3RHT, IRLASHT, IRL4ARHT, IRL5SHTD,
IRLSRHTD, IRL1S, IRL2S, IRL3SS, IRL3RS, IRL4SS,
IRL4RS, IRL5SSD, IRL5RSD, IDRL1I, IDRL2TI, IDRL3T,
IDRL4I, IDRL5ID, IPATL1I, IPATL2I, IPATL3I, IPATLATI,
ITILSD, IBATOUT, IBATOUTI, IHATCHI, ILPP, LAIBED,
IHARV,
FCLVSL1, FCLVSL2, FCLVSL3, FCLVSL4, FCLVSLS5,
VERTDIST, IPATDAT, IPLUP, IPCLVS, ICAD, IPLANTL1,
IPLANTL2, IPLANTL3, IPLANTL4, IPLANTL5, INPLANT,
PHDLARTOT)

w© vr »r »r »*r N r Vvr r ¥

* Calculation of auxiliary variables for VIRUS variables
CALL VIRUS (ITASK,DELT, IHARV, IPATLOW, IPATCUM, IPATDAT,
S LAIBED, IBATOUT, IBATOUTI, DELTLAI, TIME,
$ PHD, PHDLARTOT)

* Calculation of auxiliary variables for CROP variables
CALL CROP (ITASK, IPATL1, IPATL2, IPATL3S, IPATL3R, IPATLA4S,
IPATLAR, IPATL5S, IPATL5R, IPATL1I, IPATL2I, IPATL3T,
IPATL4I,ITILSS,ITILSD,DELT, IPATCUM, IPATDAT,
IBATOUT, IBATOUTI, IPATLOW, DVRL1, DVRL2,DVRL3,
DVRL4,DVRL5,DVRL1I,DVRL2I,DVRL3I,DVRL4T,
IPLANTL1, IPLANTL2, IPLANTL3, IPLANTL4, IPLANTL5,
INPLANT,
LAI, ILPP,LAIBED, IHARV, FCCUM, LPDL1, LPDL2,
LPDL3, LPDL4, LPDL5)

O W A 1 W N A
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* differences and rate variables
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ITASK = 3
* Inactivation rate of sprayed polyhedra in LAI strata
CALL VIRUS (ITASK,DELT, IHARV, IPATLOW, IPATCUM, IPATDAT,
3 LAIBED, IBATOUT, IBATOUTI, DELTLAI, TIME,
3 PHD, PHDLARTOT)

* Relative infection rate by ingestion of sprayed polyhedra
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CALL RIRSPR(ITASK,LAI,PHD, IPATCUM,VERTDIST, IPATLOW,

S DELTLAI,DVRL1l,DVRL2,DVRL3, DVRL4,DVRL5,
3 RIRL1S,RIRL2S,RIRL3SS,RIRL3RS, RIRL4SS,
S RIRL4RS,RIRL5S8S,RIRLSRS)
* Relative infection rate by horizontal transmission
CALL RIRHT (ITASK,FCLVSL1l,FCLVSL2, FCLVSL3, FCLVSL4, FCLVSLS5,
S DELT, IPATCUM, VERTDIST, IPATLOW, LPDL1, LPDL2,
S LPDL3,LPDL4,LPDLS,
s RIRL1HT,RIRL2HT, RIRL3HT, RIRL4HT, RIRLSHT)
* Development rate of Spodoptera exigua

CALL SEDEV(ITASK, TIME,DELT, IHARV, IPATDAT,
RIRL1HT,RIRL2HT, RIRL3HT, RIRL4HT, RIRL5HT,
RIRL1S,RIRL2S,RIRL3SS,RIRL3RS,RIRL4SS, RIRL4RS,
RIRL5SS,RIRL5RS,

IPATL1, IPATL2, IPATL3S, IPATL3R, IPATL4S,
IPATL4R, IPATL5S, IPATL5R, IPATL1I, IPATL2I,
IPATL3I,IPATL4I,ITIL5S,ITILSD, IDRL1I,
IDRL2I, IDRL3I,IDRL4I,IDRL5ID, IMLTMAL, IMLTFEM,
IMLTMALI, IMLTFEMI, IDRMAL, IDRFEM, IDRMALI,
IDRFEMI, IRL1HT, IRL2HT, IRL3SHT, IRL3RHT,
IRL4SHT, IRL4RHT, IRL5SHTS, IRL5RHTS, IRL5SHTD,
IRL5SRHTD, IRL1S, IRL2S, IRL3SS, IRL3RS, IRL4SS,
IRL4RS, IRL5SSS, IRL5RSS, IRL5SSD, IRL5RSD,
ITOTMAL, ITOTFEM, ITOTMALI, ITOTFEMI, IBATIN,
IBATINI, IBATOUT, IBATOUTI, IHATCHI, IPATLOW,
IPATCUM, DVRL1,DVRL2, DVRL3,DVRL4, DVRLS5,
DVRL1I,DVRL2I,DVRL3I,DVRL4I,DVRL5ID, ITOTPUP,
ITOTPUPI)
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* Calculation of auxiliary variables for CROP variables
CALL CROP(ITASK,IPATL1,IPATL2,IPATL3S,IPATL3R,IPATLAS,
IPATL4R, IPATL5S, IPATLSR, ITPATL1T, IPATL2T, IPATL3TI,
IPATLA4I,ITILSS,ITILSD,DELT, IPATCUM, IPATDAT,
IBATOUT, IBATOUTI, IPATLOW,DVRL1,DVRL2,DVRL3,
DVRL4,DVRL5,DVRL1I,DVRL2TI,DVRL3I,DVRL4TI,
IPLANTL1, IPLANTL2, IPLANTL3, IPLANTL4 , IPLANTLS5,
INPLANT,
LATI, ILPP,LAIBED, IHARV, FCCUM, LPDL1, LPDL2,
LPDL3, LPDL4, LPDL5)
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* output

hhkhhkhhhkhkhhhhhhhhhkhhhkhhkhhhkhkhhdhhhhrhhhhohhhhhhhhhhhdhrhhhd
ITASK = 4

* Output of SEDEV variables

CALL SEDEV (ITASK, TIME,DELT, IHARV, IPATDAT,
$ RIRL1HT, RIRL2HT, RIRL3HT, RIRL4HT, RIRL5HT,
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RIRLlS,RIRL2S,RIRLBSS,RIRLBRé,RIRL4SS,RIRL4RS,

RIRL5SS, RIRL5RS,
IPATL1, IPATL2, IPATL3S, IPATL3R, IPATL4S,
IPATL4R, IPATL5S, IPATL5R, IPATL1I, IPATL2T,
IPATL3I,IPATL4I,ITILSS, ITILSD, IDRL1T,
IDRL2I,IDRL3I,IDRL4I, IDRL5ID, IMLTMAL, IMLTFEM,
IMLTMALI, IMLTFEMI, IDRMAL, IDRFEM, IDRMALT,
IDRFEMI, IRL1HT, IRL2HT, IRL3SHT, IRL3RHT,
IRL4SHT, IRL4RHT, IRL5SHTS, IRL5RHTS, IRL5SHTD,
IRL5RHTD, IRL1S, IRL2S, IRL3SS, IRL3RS, IRL4SS,
IRL4RS, IRL5S8SS, IRL5RSS, IRL5SSD, IRL5RSD,
ITOTMAL, ITOTFEM, ITOTMALI, ITOTFEMI, IBATIN,
IBATINI, IBATOUT, IBATOUTI, THATCHI, IPATLOW,
IPATCUM, DVRL1, DVRL2, DVRL3, DVRL4, DVRLS5,
DVRL1I,DVRL2I,DVRL3I,DVRL4I,DVRL5ID, ITOTPUP,
ITOTPUPI)

Output of SPADIS variables
CALL SPADIS (ITASK,IPATLOW,IPATCUM, IRL1HT, IRL2HT,
IRL3SHT, IRL3RHT, IRL4SHT, IRL4RHT, IRL5SHTD,
IRL5SRHTD, IRL1S, IRL2S, IRL3SS, IRL3RS, IRL4SS,
IRL4RS, IRL5SSD, IRL5RSD, IDRL1I, IDRL2TI, IDRL3I,
IDRL4I, IDRL5ID, IPATL1I, IPATL2I, IPATL3I, IPATL4T,
ITIL5D, IBATOUT, IBATOUTI, IHATCHI, ILPP, LAIBED,
IHARV, ‘
FCLVSL1, FCLVSL2, FCLVSL3, FCLVSL4, FCLVSLS5,
VERTDIST, IPATDAT, IPLUP, IPCLVS, ICAD, IPLANTL1,
IPLANTL2, IPLANTL3, IPLANTL4 , IPLANTLS, INPLANT,
PHDLARTOT)

Output of VIRUS variables
CALL VIRUS (ITASK,DELT, IHARV, IPATLOW, IPATCUM, IPATDAT,
LAIBED, IBATOUT, IBATOUTI, DELTLAI, TIME,
PHD, PHDLARTOT)

Output of CROP variables
CALL CROP (ITASK, IPATL1, IPATL2, IPATL3S, IPATL3R, IPATL4S,
IPATL4R, IPATL5S, IPATL5R, IPATL1I, IPATL2I, IPATL3I,
IPATL4I,ITIL5S, ITIL5D, DELT, IPATCUM, IPATDAT,
IBATOUT, IBATOUTI, IPATLOW, DVRL1, DVRL2,DVRL3,
DVRL4,DVRL5,DVRL1I, DVRL2I,DVRL3I,DVRL4I,
IPLANTL1, IPLANTL2, IPLANTL3, IPLANTL4 , IPLANTLS,
INPLANT,
LAI,ILPP,LAIBED, IHARV, FCCUM, LPDL1, LPDL2,
LPDL3, LPDL4, LPDL5)

Output of RIRHT variables

CALL RIRHT (ITASK,FCLVSL1l,FCLVSL2, FCLVSL3, FCLVSL4, FCLVSLS5,
DELT, IPATCUM, VERTDIST, IPATLOW, LPDL1, LPDL2,
LPDL3,LPDL4, LPDL5,
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3 RIRL1HT,RIRL2HT, RIRL3HT,RIRL4AHT, RIRL5HT)
* Output of RIRS wvariables
CALL RIRSPR(ITASK,LATI,PHD, IPATCUM,VERTDIST, IPATLOW,
s DELTLAI,DVRL1,DVRL2,DVRL3,DVRL4,DVRL5,
S RIRL1S,RIRL2S,RIRL3SS,RIRL3RS,
s RIRL4SS,RIRL4RS,RIRL5SS,RIRLSRS)

KKK KKKAKR KR IR A A A KR AR A I I AR I A A AR A AR A A AR IR AR AR AA R KRR A A I AR AKX

* State wvariables

Khkkhkhkhhhhkhkhhhkhhhrkhhhrkhhhkhkhhhdhhhhhhhdhhhhhdrrdhkrrrrkhkkkdrk

ITASK = 5

* Time integral
TIME = TIME + DELT

* Crop development: LAI, leaves per plant and foliage consumption
CALL CROP(ITASK, IPATL1, IPATL2,IPATL3S, IPATL3R, IPATL4S,
" IPATL4R, IPATL5S, IPATLSR, IPATL1I, IPATL2I, IPATL3I,
IPATL4I,ITIL5S, ITILSD, DELT, IPATCUM, IPATDAT,
IBATOUT, IBATOUTI, IPATLOW, DVRL1, DVRL2,DVRL3,
DVRIL4,DVRL5,DVRL1I,DVRL2I,DVRL3I,DVRLATI,
IPLANTL1, IPLANTL2, IPLANTL3, IPLANTL4 , IPLANTLS,
INPLANT,
LATI, ILPP,LAIBED, IHARV, FCCUM, LPDL1, LPDL2,
LPDL3, LPDL4, LPDLS)

v 2 nr »r ¥ W v W

* Quantity and distribution of sprayed polyhedra in crop
CALL VIRUS (ITASK,DELT, IHARV, IPATLOW, IPATCUM, IPATDAT,
$ LAIBED, IBATOUT, IBATOUTI, DELTLAI, TIME,
3 PHD, PHDLARTOT)

* Spodoptera exigua development and population dynamics
CALL SEDEV (ITASK, TIME,DELT, IHARV, IPATDAT,
RIRL1HT, RIRL2HT,RIRL3HT, RIRL4HT, RIRLSHT,
RIRL1S,RIRL2S,RIRL3SS,RIRL3RS,RIRL4SS, RIRL4RS,
RIRL5SS, RIRL5RS,
IPATL1, IPATL2, IPATL3S, IPATL3R, IPATL4S,
IPATL4R, IPATL5S, IPATL5R, IPATL1I, IPATL2T,
IPATL3I,IPATL4I,ITIL5S, ITILSD, IDRL1T,
IDRL2I, IDRL3I,IDRL4TI, IDRL5ID, IMLTMAL, IMLTFEM,
IMLTMALI, IMLTFEMI, IDRMAL, IDRFEM, IDRMALT,
IDRFEMI, IRL1HT, IRL2HT, TRL3SHT, IRL3RHT,
IRL4SHT, IRL4RHT, IRL5SHTS, IRL5RHTS, IRL5SHTD,
IRL5RHTD, IRL1S, IRL2S, IRL3SS, IRL3RS, IRL4SS,
IRL4RS, IRL5SSS, IRL5RSS, IRL53SSD, IRL5RSD, )
ITOTMAL, ITOTFEM, ITOTMALI, ITOTFEMI, IBATIN,
IBATINI, IBATOUT, IBATOUTI, IHATCHI, IPATLOW,
IPATCUM,DVRL1,DVRL2, DVRL3,DVRL4 ,DVRL5,
DVRL1I,DVRL2I,DVRL3I,DVRL4I,DVRL5ID, ITOTPUP,

v v ¥ v »r VWV W W A



ITOTPUPI)

Simulation is terminated when number of infected larvae
or cadavers exceeds a critical value
IF ((IPLUP.GE.QSO).OR.(IPCLVS.GE.950)) THEN
TIME = FINTIM+1.
WRITE (*,*) 'number of infected larvae/cadavers too high'
GOTO 10
ENDIF
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*

Shift
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ITASK = 6

Simulation is terminated when number of patches exceeds a
critical value
IF (IPATCUM.GE.180) THEN
TIME = FINTIM+1.
WRITE (*, *) 'number of patches too high'
GOTO 10
ENDIF

Shift for Spodoptera exigua development, egg batch size
in new patches, removal of larvae in harvested beds
and population totals
CALL SEDEV (ITASK,TIME,DELT, IHARV, IPATDAT,
RIRL1HT,RIRL2HT,RIRL3HT,RIRL4HT, RIRL5HT,
RIRL1S,RIRL2S,RIRL3SS,RIRL3RS,RIRL4SS,RIRL4RS,
RIRL5SS, RIRL5RS,
IPATL1, IPATL2, IPATL3S, IPATL3R, IPATLA4S,
IPATL4R, IPATL5S, IPATLSR, IPATL1I, IPATL2I,
IPATL3I,IPATL4TI,ITILSS,ITILSD, IDRL1TI,

IDRL2I, IDRL3I,IDRL4I, IDRL5ID, IMLTMAL, IMLTFEM,

IMLTMALI, IMLTFEMI, IDRMAL, IDRFEM, IDRMALT,
IDRFEMI, IRL1HT, IRL2HT, IRL3SHT, IRL3RHT,
IRL4SHT, IRL4RHT, IRL5SHTS, IRL5RHTS, IRL5SSHTD,
IRLSRHTD, IRL1S, IRL2S, IRL3SS, IRL3RS, IRL4SS,
IRL4RS, IRL58SS, IRL5RSS, IRL5SSD, IRL5RSD,
ITOTMAL, ITOTFEM, ITOTMALI, ITOTFEMI, IBATIN,
IBATINI, IBATOUT, IBATOUTI, IHATCHI, IPATLOW,
IPATCUM, DVRL1, DVRL2,DVRL3, DVRL4, DVRL5,
DVRL1I,DVRL2I,DVRL3I,DVRL4I,DVRL5ID, ITOTPUP,
ITOTPUPI)

Spatial distribution of new patches and removal of larvae
in harvested beds
CALL SPADIS (ITASK,IPATLOW, IPATCUM, IRL1HT, IRL2HT,
IRL3SHT, IRL3RHT, IRL4SHT, IRLARHT, IRL5SHTD,
IRLSRHTD, IRL1S, IRL2S, IRL3SS, IRL3RS, IRL4SS,

-9
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IRL4RS, IRL5SSD, IRL5RSD, IDRL1I, IDRL2TI, IDRL3I,
IDRL4I, IDRL5ID, IPATL1I, IPATL2I, IPATL3I, IPATL4T,
ITIL5D, IBATOUT, IBATOUTI, THATCHI, ILPP, LAIBED,
IHARV,

FCLVSL1, FCLVSL2, FCLVSL3, FCLVSL4 , FCLVSL5,
VERTDIST, IPATDAT, IPLUP, IPCLVS, ICAD, IPLANTL1,
IPLANTL2, IPLANTL3 , IPLANTL4 , IPLANTL5, INPLANT,
PHDLARTOT)

LAI and leaves per plant of new patches and newly planted beds
CALL CROP(ITASK,IPATL1,IPATL2,IPATL3S,IPATL3R, IPATI4S,
IPATLA4R, IPATLS5S, IPATL5R, IPATL1I, IPATL2I, IPATL3I,
IPATL4I,ITIL5S,ITIL5D,DELT, IPATCUM, IPATDAT,
IBATOUT, IBATOUTI, IPATLOW, DVRL1, DVRL2, DVRL3,
DVRL4,DVRL5,DVRL1I,DVRL2T,DVRL3I,DVRL4TI,
IPLANTL1, IPLANTL2, IPLANTL3, IPLANTL4, IPLANTLS,
INPLANT,
LAI, ILPP,LAIBED, IHARV, FCCUM, LPDL1, LPDL2,
LPDL3,LPDL4, LPDL5) |

Quantity and distribution of sprayed polyhedra in new patches
and removal of sprayed polyhedra in harvested beds
CALL VIRUS (ITASK,DELT, IHARV, IPATLOW, IPATCUM, IPATDAT, i
LAIBED, IBATOUT, IBATOUTI, DELTLAI, TIME, )
PHD, PHDLARTOT) '

GOTO 10

CONTINUE
CLOSE (20,STATUS = 'DELETE')
CONTINUE

END



SUBROUTINE VIRUS

Purpose: Simulation of quantity and distribution of sprayed

virus over leaf layers.

FORMAL PARAMETERS: (I=input,O=output, C=control, IN=init, T=time)

name type meaning (unit) . class

ITASK I4 Task that subroutine should perform (-) I
DELT R4 Time step (d) I
IHARV I4 Flag for harvest (-) I
IPATLOW I4 Pointer for lowest patch number containing larvae (-) I
IPATCUM I4 Cumulative number of patches in greenhouse (#) I

IPATDAT I4 Array containing co-ordinates of patches in

greenhouse (-) I
LAIBED R4 Leaf area index of crop in bed (m2.m-2)
IBATOUT I4 Number of batches in oviduct flowing out IBATCH
boxcar train (#) I
IBATOUTI
T4 Number of batches in infected oviduct flowing out
IBATCHI boxcar train (#) I
DELTLAI R4 LAI stratum (m2.m-2) I
TIME R4 Time (d) I
PHD R4 Number of polyhedra per LAI stratum per patch (#) o)
PHDLARTOT
R4 Total number of polyhedra produced in larvae (#) 0

Fatal error checks: none

warnings:

none

Subroutines called:

from TTUTIL:

File usage:

RDINIT, RDSINT, RDFREA, RDSREA, OUTDAT
INCON.DAT, VIRUS.DAT, CROP.DAT

SUBROUTINE VIRUS (ITASK,DELT, JHARV, IPATLOW, IPATCUM, IPATDAT,

PARAMETER
INTEGER
$
REAL
$
$
DIMENSION
$

$
SAVE

LAIBED, IBATOUT, IBATOUTI, DELTLAI, TIME,
PHD, PHDLARTOT)

(IPMAX = 200)

IBEDMAX, IP, IHARV, IPATDAT, INSPRAY, IB, IL, IBATOUT,
IBATOUTI

RINACTR, PHDIRBED, PHD, DELT, PHDBED, TSPRAY, PHDSPR,

TIME, DELTLAI, LAIMAX, K, LAIBED, FUP, FDOWN, PHDTOTBED,
RESPHD, PHDIRLAR

PHD (IPMAX, 60) , PHDBED (IPMAX, 60) , PHDIRBED (IPMAX, 60) ,
IPATDAT (3, IPMAX) , TSPRAY (20) , PHDSPR (20) , LAIBED (IPMAX) ,
PHDTOTBED (I PMAX)

Initialization of VIRUS variables

i -11
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IF (ITASK.EQ.1l) THEN
* Read initial conditions
CALL RDINIT (30,40, 'INCON.DAT')
CALL RDSINT ('IBEDMAX', IBEDMAX)
CALL RDSINT ('INSPRAY',6 INSPRAY)
IF (INSPRAY.GT.0) THEN
CALL RDFREA ('TSPRAY',TSPRAY(1),20,INSPRAY)
CALL RDFREA ('PHDSPR', PHDSPR(1),20, INSPRAY)
ENDIF
* Read parameter values
CALL RDINIT (30,40, 'VIRUS.DAT')
CALL RDSREA ('RINACTR',6RINACTR)
CALL RDSREA ('RESPHD',RESPHD)
CALL RDINIT (30,40, 'CROP.DAT')
CALL RDSREA ('LAIMAX',LAIMAX)
CALL RDSREA ('K',6K)
* Definition of LAI stratum
DELTLAI = LAIMAX/60

* Initial number of polyhedra per LAI stratum for each bed
DO 20 IB = 1,IBEDMAX
DO 10 IL = 1,60

PHDBED (IB,IL) = O.
10 CONTINUE
20 CONTINUE
* Initial number of polyhedra per LAI stratum for each patch

DO 40 IP = 1,IPMAX
DO 30 IL = 1,60

PHD (IP,IL) = O.

30 CONTINUE
40 CONTINUE

ENDIF
* Calculation of VIRUS auxiliary variables

IF (ITASK.EQ.2) THEN
* Calculation of new polyhedra quantity per LAI stratum in each bed
* after virus application

DO 70 IN = 1,INSPRAY
IF (ABS(TSPRAY(IN)-TIME).LE. (0.5*DELT)) THEN
TSPRAY (IN) = 0.
* Loop over beds
DO 60 IB = 1, IBEDMAX

* Loop over LAI strata

DO 50 IL = 60,1,-1
* Calculation of fraction of polyhedra quantity at the top
* and bottom of LAI stratum

IF (LAIBED(IB).GT. ((IL-1)*DELTLAI)) THEN
IF ((LAIBED(IB)-IL*DELTLAI).LT.0) THEN
FUP = 1.



50
60

70

80
90

100
110

ELSE
FUP = EXP(-1* (LAIBED(IB)-IL*DELTLAI) *K)
ENDIF
FDOWN = EXP(-1* (LAIBED (IB)- (IL-1)*DELTLATI) *K)
New polyhedra quantity per LAI stratum after spray
PHDBED (IB, IL) PHDBED (IB, IL) +
(FUP-FDOWN) *PHDSPR (IN)

ELSE
PHDBED (IB, IL)
ENDIF
CONTINUE
CONTINUE
ENDIF
CONTINUE

it
o

Polyhedra quantity per LAI stratum for each patch
DO 90 IP = IPATLOW, IPATCUM
DO 80 IL = 1,60
. PHD (IP,IL) = PHDBED (IPATDAT (1, IP), IL)
CONTINUE
CONTINUE

ENDIF

Calculaﬁion of VIRUS rate variables
IF (ITASK.EQ.3) THEN
Calculation of polyhedra inactivation rate per LAI stratum using
the relative inactivation rate of polyhedra and residual density
of infectious polyhedra
DO 110 IB = 1, IBEDMAX
DO 100 IL = 1,60
PHDIRBED(IB,IL)=(PHDBED(IB,IL)-RESPHD*DELTLAI)*RINACTR
IF (PHDIRBED(IB,IL).LT.0) PHDIRBED (IB,IL) = O.
CONTINUE
CONTINUE

Calculation of inactivation rate of polyhedra produced in larvae
PHDIRLAR = PHDLARTOT*RINACTR
ENDIF

Output of VIRUS variables
IF (ITASK.EQ.4) THEN

CALL OUTDAT (2,20, 'TIME', TIME)

CALL OUTDAT (2,20, ' PHDBED1' , PHDTOTBED (1))
ENDIF

Calculation of VIRUS state variables
IF (ITASK.EQ.5) THEN
Ccalculation of polyhedra quantity per LAI stratum in each bed
DO i30 IB = 1,IBEDMAX
PHDTOTBED (IB) = 0.

in-13
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DO 120 IL = 1,60

PHDBED (IB, IL) PHDBED (IB, IL) -PHDIRBED (IB, IL) *DELT

PHDTOTBED (IB) = PHDTOTBED (IB)+PHDBED (IB, IL)
120 CONTINUE
130 CONTINUE
* Polyhedra quantity per LAI stratum for each patch

DO 150 IP = IPATLOW, IPATCUM
DO 140 IL = 1,60
PHD (IP,IL) = PHDBED(IPATDAT(1,IP),IL)

140 CONTINUE
150 CONTINUE
* Calculation of the number of infectious polyhedra produced in larvae
PHDLARTOT = PHDLARTOT - PHDIRLAR*DELT
ENDIF
* Calculation of shift for VIRUS variables

IF (ITASK.EQ.6) THEN
* After a harvest the new plants are polyhedra free
DO 170 IB = 1,IBEDMAX
IF (IB.EQ.IHARV) THEN
DO 160 IL = 1,60

PHDBED (IB,IL) = O.
160 CONTINUE
ENDIF
170 CONTINUE
* Polyhedra quantity per LAI stratum of new patches

IF (IBATOUT.GT.0.OR.IBATOUTI.GT.0) THEN
DO 190 IB = 1, (IBATOUT+IBATOUTI)
DO 180 IL = 1,60
PHD (IPATCUM-1IB+1, IL) =

$ PHDBED (IPATDAT (1, IPATCUM-IB+1),IL)
180 CONTINUE
190 CONTINUE
ENDIF
ENDIF
RETURN

END
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SUBROUTINE RIRSPR *
*

Purpose: Simulation of relative infection rate by ingestion *
of sprayed polyhedra. *

*

FORMAL PARAMETERS: (I=input,O=ocutput, C=control, IN=init, T=time) *
name type meaning (unit) class *
o o e mmmm——— L *
ITASK I4 Task that subroutine should perform (-) I =*
LAI R4 Leaf area index of crop in patch (m2.m-2) I *
PHD R4 Number of polyhedra per LAI stratum per patch (#) I *
IPATCUM I4 Cumulative number of patches in greenhouse (#) I x*
VERTDIST *
R4 Fraction larvae per canopy layer (-) I *

IPATLOW I4 Pointer for lowest patch number containing larvae (-) I *
DELTLAI R4 LAI stratum (m2.m-2) I *
DVRL1 R4 Development rate of Ll larvae (d-1) I =
DVRL2 R4 Development rate of L2 larvae (d-1) I *
DVRL3 R4 Development rate of L3 larvae (d-1) I
DVRL4 R4 Development rate of L4 larvae (d-1) I *
DVRLS5 R4 Development rate of L5 larvae (d-1) I *
RIRL1S R4 Relative infection rate by ingestion of sprayed *
polyhedra of L1 larvae (d-1) o *

RIRL2S R4 Relative infection rate by ingestion of sprayed *
polyhedra of L2 larvae (d-1) o *

RIRL3SS R4 Relative infection rate by ingestion of sprayed *
polyhedra of susceptible L3 larvae (d-1) o *

RIRL3RS R4 Relative infection rate by ingestion of sprayed *
polyhedra of resistant L3 larvae (d-1) o *

RIRL4SS R4 Relative infection rate by ingestion of sprayed *
polyhédra of susceptible L4 larvae (d-1) o *

RIRL4RS R4 Relative infection rate by ingestion of sprayed *
polyhedra of resistant L4 larvae (d-1) o *

RIRL5SS R4 Relative infection rate by ingestion of sprayed *
polyhedra of susceptible L5 larvae (d-1) o *

RIRL5RS R4 Relative infection rate by ingestion of sprayed *
polyhedra of resistant L5 larvae (d-1) o *

FORMAL PARAMETERS: (I=input,O=output, C=control, IN=init, T=time) *
*

Fatal error checks: none ' *
warnings: none *
Subroutines called: *
from TTUTIL: RDINIT, RDSREA, OUTDAT *
File usage: SEDEV.DAT, VIRUS.DAT *

SUBROUTINE RIRSPR(ITASK, LAI, PHD, IPATCUM, VERTDIST, IPATLOW,

$ DELTLAI,DVRL1, DVRL2,DVRL3, DVRL4, DVRL5,

3 RIRL1S,RIRL2S,RIRL3SS,RIRL3RS,RIRL4SS,
$ RIRL4RS,RIRL5SS, RIRL5RS)
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$
$

PARAMETE
INTEGER
REAL

R (IPMAX = 200)
ip,IL
LAI, PHD, POLDEN, CONSL1, CONSL2, CONSL3, CONSL4,
CONSLS5, PL1, PL2, PL3S, PL3R, PL4S, PL4R, PL5S, PL5R,
RIRL1S,RIRL2S,RIRL3SS, RIRL3RS, RIRL4SS, RIRLARS,
RIRL5SS, RIRLSRS, VERTDIST, DELTLAT, DVRL1, DVRL2,
DVRL3, DVRL4, DVRLS5, CFP

DIMENSION LAI (IPMAX),POLDEN(3),RIRL1S (IPMAX),RIRL2S (IPMAX),

SAVE

Initiali
IF (ITAS
Read
CALL

RIRL3SS (IPMAX) ,RIRL3RS (IPMAX) ,RIRL4SS (IPMAX) ,
RIRL4RS (IPMAX) ,RIRL5SS (IPMAX) , RIRL5RS (IPMAX) ,
VERTDIST (3,5),PHD (IPMAX, 60)

zation of RIRSPR variables
K.EQ.1l) THEN

parameter values

RDINIT (30,40, 'SEDEV.DAT')

Consumption rate per larval instar

CALL
CALL
CALL
CALL
CALL
CALL
Infe
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
Conv
from
CALL
ENDIF

Calculat
IF (ITAS

RDSREA ('CONSL1l', CONSL1)
RDSREA ('CONSL2', CONSL2)
RDSREA ('CONSL3', CONSL3)
RDSREA ('CONSL4', CONSL4)
RDSREA ('CONSL5', CONSL5)
RDINIT (30,40, 'VIRUS.DAT')

ction chance per ingested polyhedron per larval instar
RDSREA ('PL1',PL1)

RDSREA ('PL2',PL2)

RDSREA ('PL3S',PL3S)

RDSREA ('PL3R', PL3R)

RDSREA ('PL4S',PL4S)

RDSREA ('PL4R',PL4R)

RDSREA ('PL5S',PL5S)

RDSREA ('PL5R',PLSR)

ersion factor of infection chance per ingested polyhedron
artificial diet to chrysanthemum

RDSREA ('CFP',CFP)

ion of RIRSPR rate variables
K.EQ.3) THEN

Calculation of virus distribution of LAI strata over canopy layers

DO 4

0 IP = IPATLOW, IPATCUM

Calculation of location of canopy layers in canopy
ILAYER3 INT (LAI (IP)/DELTLAI) +1

ILAYER2 = INT(ILAYER3*2/3)

ILAYER1 INT (ILAYER3/3)

Sprayed polyhedra quantity in each canopy layer
PHDL1 = O
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CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

ENDIF

RETURN

END

OUTDAT (2, 20,
OUTDAT (2, 20,
OUTDAT (2, 20,
OUTDAT (2, 20,
OUTDAT (2, 20,
OUTDAT (2, 20,
OUTDAT (2,20,
OUTDAT (2,20,

'RIRL1S',RIRL1S (1))

'RIRL2S',RIRL2S (1))

'RIRL3SS',RIRL3SS (1))
'RIRL3RS',RIRL3RS (1))
'RIRL4SS',RIRLA4ASS (1))
'"RIRL4RS',RIRL4RS (1))
'RIRL5SS',RIRL5SS (1))
'RIRL5RS',RIRL5RS (1))



40

PHDL2
PHDL3

It

DO 10 IL = 1,

ILAYER1

PHDL1 = PHDL1 + PHD(IP,IL)

CONTINUE

Sprayed polyhedra density in lowest canopy layer

POLDEN (1) =

PHDL1/ (ILAYER1*DELTLAI)

DO 20 IL = ILAYER1+1l,ILAYER2
PHDL2 = PHDL2 + PHD(IP,IL)

CONTINUE

Sprayed polyhedra density in middle canopy layer

POLDEN (2) =

PHDL2/ ( (ILAYER2-ILAYER1) *DELTLATI)

DO 30 IL = ILAYER2+1,ILAYER3
PHDL3 = PHDL3 + PHD(IP,IL)

CONTINUE

Sprayed polyhedra density in upper canopy layer

POLDEN (3) =

PHDL3/ (LAI (IP) - (ILAYER2*DELTLAI) )

Relative infection rate by ingestion of sprayed polyhedra

per larval instar (1/day)

RIRL1S (IP) =

RIRL2S (IP) =

RIRL3SS(IP)

RIRL3RS(IP)

RIRL4SS(IP)

RIRL4RS (IP)

RIRL5SS (IP)

RIRLSRS (IP)

CONSL1*DVRL1*PL1*POLDEN (1) *VERTDIST (1, 1) *CFP+
CONSL1*DVRL1*PL1*POLDEN (2) *VERTDIST (2, 1) *CFP+
CONSL1*DVRL1*PL1*POLDEN (3) *VERTDIST (3, 1) *CFP
CONSL2*DVRL2*PL2*POLDEN (1) *VERTDIST (1, 2) *CFP+
CONSL2*DVRL2*PL2*POLDEN (2) *VERTDIST (2, 2) *CFP+
CONSL2*DVRL2*PL2*POLDEN (3) *VERTDIST (3, 2) *CFP
=CONSL3 *DVRL3*PL3S*POLDEN (1) *VERTDIST (1, 3) *CFP+
CONSL3*DVRL3*PL3S*POLDEN (2) *VERTDIST (2, 3) *CFP+
CONSL3*DVRL3*PL3S*POLDEN (3) *VERTDIST (3, 3) *CFP
=CONSL3 *DVRL3*PL3R*POLDEN (1) *VERTDIST (1, 3) *CFP+
CONSL3*DVRL3*PL3R*POLDEN (2) *VERTDIST (2, 3) *CFP+
CONSL3*DVRL3*PL3R*POLDEN (3) *VERTDIST (3, 3) *CFP
=CONSL4 *DVRL4 * PL4S*POLDEN (1) *VERTDIST (1, 4) *CFP+
CONSL4 *DVRL4 *PL4S*POLDEN (2) *VERTDIST (2, 4) *CFP+
CONSL4 *DVRL4 *PL4 S*POLDEN (3) *VERTDIST (3, 4) *CFP
=CONSL4*DVRL4 * PL4R*POLDEN (1) *VERTDIST (1,4) *CFP+
CONSL4 *DVRL4*PL4R*POLDEN (2) *VERTDIST (2, 4) *CFP+
CONSL4 *DVRL4 *PL4R*POLDEN (3) *VERTDIST (3, 4) *CFP
=CONSL5*DVRL5*PL5S*POLDEN (1) *VERTDIST (1, 5) *CFP+
CONSL5*DVRL5*PL5S*POLDEN (2) *VERTDIST (2, 5) *CFP+
CONSL5*DVRL5*PL5S*POLDEN (3) *VERTDIST (3, 5) *CFP
=CONSL5*DVRL5*PL5R*POLDEN (1) *VERTDIST (1, 5) *CFP+
CONSLS*DVRLS*PLSR*POLDEN(2)*VERTDIST(Z,S)*CFP+
CONSL5*DVRL5*PL5R*POLDEN (3) *VERTDIST (3, 5) *CFP

CONTINUE

ENDIF

Output of RIRSPR variables

IF

(ITASK.EQ.4) THEN

-1z




n-19

SUBROUTINE CROP *
*

Purpose: Simulation of crop development: LAI, leaves per plant *
and crop injury. *

*

FORMAL PARAMETERS: (I=input,o=output,C:control,IN=init,T=time) *
name type meaning (unit) class *
o e L e *
ITASK I4 Task that subroutine should perform (-) I *
IPATL1 1I4 Number of Ll larvae in boxcar train per patch (#) I *
IPATL2 1I4 Number of L2 larvae in boxcar train per patch (#) I *
IPATL3S I4 Number of susceptible L3 larvae in boxcar train per *
patch (#) I *

IPATL3R I4 Number of resistant L3 larvae in boxcar train per *
patch (#) I *

IPATLAS I4 Number of susceptible L4 larvae in boxcar train per *
patch (#) I *

IPATLAR I4 Number of resistant L4 larvae in boxcar train per *
patch (#) I *

IPATL5S I4 Number of susceptible L5 larvae in boxcar train per *
patch (#) I =

IPATLS5R I4 Number of resistant L5 larvae in boxcar train per *
patch (#) I =

IPATL1I I4 Number of infected L1l larvae in boxcar train per *
patch (#) I %

TPATL2I I4 Number of infected L2 larvae in boxcar train per *
patch (#) ' I *

IPATL3TI I4 Number of infected L3 larvae in boxcar train per *
patch (#) I *

IPATL4I I4 Number of infected L4 larvae in boxcar train per *
patch (#) I *

ITIL5S I4 Number of sublethally infected L5 larvae per boxcar *
(#) » I *

ITILSD I4 Number of lethally infected L5 larvae per boxcar (#) I *
DELT R4 Time step (d) I *
IPATCUM I4 Cumulative number of patches in greenhouse (#) I %
IPATDAT I4 Array containing co-ordinates of patches in *
greenhouse (-) I *

IBATOUT I4 Number of batches in oviduct flowing out IBATCH *
boxcar train (#) I *

IBATOUTI *
I4 Number of batches in infected oviduct flowing out *

IBATCHI boxcar train (#)
IPATLOW I4 Pointer for lowest patch number containing larvae (-)
DVRL1 R4 Development rate of L1 larvae (d-1)
DVRL2 R4 Development rate of L2 larvae (d-1
DVRL3 R4 Development rate of L3 larvae (d-1
DVRL4 R4 Development rate of L4 larvae (d-1

HokH O H H H H M
*

DVRL5 R4 Development rate of L5 larvae (d-1
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* DVRL1I R4 Development rate of infected L1l larvae (d-1) I
* DVRL2I R4 Development rate of infected L2 larvae (d-1) I
* DVRL3I R4 Development rate of infected L3 larvae (d-1) I
* DVRLAI R4 Development rate of infected 1.4 larvae (d-1) I
* IPLANTL1

* I4 Number of plants in foraging domain of L1l larvae (#) I
* TIPLANTL2

* I4 Number of plants in foraging domain of L2 larvae (#) I
* IPLANTL3

* I4 DNumber of plants in foraging domain of L3 larvae (#) I
* IPLANTL4

* I4 Number of plants in foraging domain of L4 larvae (#) I
* IPLANTLS

* I4 Number of plants in foraging domain of L5 larvae (#) I
* INPLANT I4 Number of plants per bed (#) I
* LAI R4 Leaf area index of crop in patch (m2.m-2) ]
* ILPP I4 Number of leaves per plant in patch (#) 0]
* LATBED R4 Leaf area index of crop in bed (m2.m-2) ¢}
* IHARV I4 Flag for harvest (-) 0
* FCCUM R4 Cumulative foliage consumption in greenhouse (m2) o)
* LPDL1 R4 Mean number of leaf visits of L1 larvae per day (d-1) O
* LPDL2 R4 Mean number of leaf visits of L2 larvae per day (d-1) O
* LPDL3 R4 Mean number of leaf visits of L3 larvae per day (d-1) O
* LPDL4 R4 Mean number of leaf visits of L4 larvae per day (d-1) O
* LPDL5 R4 Mean number of leaf visits of L5 larvae per day (d-1) O

* Fatal error checks: IBEDMAX > 20

* LATIHARV > LAIMAX

* warnings: none

* Subroutines called:

* from TTUTIL: RDINIT, RDFREA, RDSINT, RDSREA, OUTDAT
* File usage: INCON.DAT, CROP.DAT, SEDEV.DAT

SUBROUTINE CROP(ITASK,IPATL1,IPATL2,IPATL3S, IPATL3R, IPATL4S,
IPATL4R, IPATL5S, IPATLSR, IPATL1I, IPATL2I, IPATL3I,
IPATL4I, ITIL5S, ITIL5D,DELT, IPATCUM, IPATDAT,
IBATOUT, IBATOUTI, IPATLOW, DVRL1,DVRL2, DVRL3,DVRL4,
DVRL5,DVRL1I,DVRL2I,DVRL3I,DVRL4I, IPLANTLI1,
IPLANTL2, IPLANTL3, IPLANTL4 , IPLANTL5, INPLANT,
LATI, ILPP, LAIBED, THARV, FCCUM, LPDL1, LPDL2,
LPDL3,LPDL4, LPDL5)

vr »r 1 W vr W»r W

PARAMETER (IPMAX = 200)
INTEGER IPATL1, IPATL2, IPATL3S, IPATL3R, IPATL4S, IPATL4R, IPATL5S,

$ IPATLSR, IPATL1I, IPATL2I, IPATL3I, IPATLAI, ITIL5S, ITILSD,
$ IBEDMAX, IPATDAT, ILPPBED, ILPP, IBATOUT, IBATOUTI, IHARV, IP,
S IB, IPLANTL1, IPLANTL2, IPLANTL3, IPLANTL4 , IPLANTL5

REAL LAT, CONSL1, CONSL2, CONSL3, CONSL4, CONSL5, LAIBED, LATHARYV,
3 FCR,FCRL1, FCRL2, FCRL3, FCRL4, FCRL5,LAIO, RGRLAI,

$ DAPLAIS50, LAIMAX, RGRLPP, DAPLPP50, LPPMAX, DAP, DELT,
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LPPO, FCCUM, DVRL1,DVRL2 ,DVRL3, DVRL4 , DVRL5, DVRL1I,
DVRL2I,DVRL3I,DVRL4I, PDERL1, PDERL2, PDERL3, PDERL4,
PDERLS5, LPDL1, LPDL2, LPDL3, LPDL4, LPDL5, PDEFORL1,
PDEFORL2 , PDEFORL2 , PDEFORL4 , PDEFORLS, PDERFORL1,
PDERFORL2 , PDERFORL3 , PDERFORL4 , PDERFORLS5, DPFORL1,
DPFORL2, DPFORL3, DPFORL4 , DPFORL5, DPPATCH, DPCUM,
DPCUMO,DVRL1T27,DVRL2T27,DVRL3T27,DVRL4T27,DVRL5T27,
1LPDL1T27,LPDL2T27, LPDL3T27, LPDL4T27, LPDL5T27, LINT,
CFDVR, DVRLLT, DVRL2T, DVRL3T, DVRL4T, DVRL5T, DPBEDO,
DPBED, FCPATCH, DPTOT, DPTOTO, FCTOT

DIMENSION LAI(IPMAX),IPATLl(IPMAX),IPATLZ(IPMAX),IPATL3S(IPMAX),

SAVE

IPATL3R(IPMAX),IPATL4S(IPMAX),IPATL4R(IPMAX),
IPATLSS(IPMAX),IPATLSR(IPMAX),IPATLlI(IPMAX),
IPATL2I(IPMAX),IPATL3I(IPMAX),IPATL4I(IPMAX),

ITIL5S (IPMAX) , ITIL5D (IPMAX) , LAIBED (IPMAX) ,
IPATDAT(B,IPMAX),ILPPBED(IPMAX),ILPP(IPMAX),
FCRLl(IPMAX),FCRLZ(IPMAX),FCRLB(IPMAX),FCRL4(IPMAX),
FCRLS(IPMAX),FCR(IPMAX),DAP(SO),DPPATCH(IPMAX),
PDERLl(IPMAX),PDERLZ(IPMAX),PDERL3(IPMAX),
PDERL4(IPMAX),PDERLS(IPMAX),PDERFORLl(IPMAX),
PDERFORLZ(IPMAX),PDERFORL3(IPMAX),PDERFORL4(IPMAX),
PDERFORLS(IPMAX),PDEFORLl(IPMAX),PDEFORLZ(IPMAX),
PDEFORL3(IPMAX),PDEFORL4(IPMAX),PDEFORLS(IPMAX),
DPFORLl(IPMAX),DPFORLZ(IPMAX),DPFORL3(IPMAX),
DPFORL4(IPMAX),DPFORLS(IPMAX),DVRLlT(12),DVRL2T(12),
DVRL3T(12),DVRL4T(12),DVRLST(lZ),DPBEDO(IPMAX),
DPBED (IPMAX) , FCPATCH ( IPMAX)

Initialization of CROP variables
IF (ITASK.EQ.1l) THEN

Read
CALL
CALL
CALL
Read
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

initial conditions

RDINIT (30,40, 'INCON.DAT')
RDFREA ('DAP',DAP(1),50,50)
RDSINT ('IBEDMAX', IBEDMAX)
parameter values

RDINIT (30,40, 'CROP.DAT')
RDSREA ('RGRLAI',RGRLAI)
RDSREA ('DAPLAISO0',DAPLAISO0)
RDSREA ('LAIO',LAIO)

RDSREA ('LAIMAX', LAIMAX)

RDSREA ('RGRLPP',RGRLPP)
RDSREA ('DAPLPP50',DAPLPP50)
RDSREA ('LPP0O',LPPO)

(

RDSREA ('LPPMAX', LPPMAX)
RDSREA ('LAIHARV', LATHARV)
RDINIT (30,40, 'SEDEV.DAT')
RDSREA ('CONSL1', CONSL1)
RDSREA ('CONSL2', CONSL2)
RDSREA ('CONSL3', CONSL3)
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CALL RDSREA ('CONSL4',6 CONSL4)

CALL RDSREA ('CONSLS5', CONSLS5)

CALL RDFREA ('DVRLIT',DVRL1T(1),12,12)

CALL RDFREA ('DVRL2T',6DVRL2T(1),12,12)

CALL RDFREA ('DVRL3T',6DVRL3T(1),12,12)
(1),12,12)
(

'DVRLST',DVRL5T (1) ,12,12)
'CFDVR' ,CFDVR)

CALL RDINIT 30,40,'SPADIS.DAT')

CALL RDSREA ('LPDL1', LPDL1T27)

CALL RDSREA ('LPDL2',LPDL2T27)

CALL RDSREA ('LPDL3',LPDL3T27)

CALL RDSREA ('LPDL4',6 LPDL4T27)

CALL RDSREA ('LPDL5',LPDL5T27)

CALL RDFREA

(

(

(

(

(
CALL RDFREA ('DVRLAT',DVRLAT

(

CALL RDSREA (

(

(

IF (IBEDMAX.GT.50) THEN
STOP'IBEDMAX value reached maximum value of 50!
ENDIF

IF (LAIHARV.GE.LAIMAX) THEN
STOP'LAIHARV value higher as maximal LAI value!'
ENDIF

Initial LAI and leaves per plant for each bed
DO 10 IB = 1,IBEDMAX
LAIBED (IB) = LAIO + ((LAIMAX - LAIO)/
(1. + EXP(-RGRLAI*(DAP(IB) - DAPLAISO0))))
ILPPBED (IB) = NINT(LPPO + ((LPPMAX - LPPO)/
(1. + EXP(-RGRLPP* (DAP(IB) - DAPLPP50)))))
CONTINUE

Initial LAI and leaves per plant for each patch
DO 20 IP = 1,IPATCUM

LAI(IP) = LAIBED(IPATDAT(1,IP))
ILPP(IP) = ILPPBED(IPATDAT (1,IP))
CONTINUE

Initialization of foliage consumption and plant damage
variables for each patch
DO 30 IP = 1,IPMAX

FCRL1(IP) = O.
FCRL2 (IP) = O.
FCRL3 (IP) = O.
FCRL4 (IP) = O.
FCRL5 (IP) = O.
FCPATCH(IP) = O.
PDERL1 (IP) =
PDERL2 (IP) =
PDERL3 (IP) = 0.

PDERLA4 (IP)
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PDERL5 (IP) = 0.
PDERFORL1 (IP) =
PDERFORL2 (IP) =
PDERFORL3 (IP) =
PDERFORL4 (IP) =
PDERFORL5 (IP) =
PDEFORL1 (IP) =
PDEFORL2 (IP) =
PDEFORL3 (IP) =
PDEFORLA4 (IP) =
PDEFORLS (IP) =
DPFORL1 (IP) =
DPFORL2 (IP) =
DPFORL3 (IP) =
DPFORL4 (IP) =
DPFORLS (IP) =
DPPATCH(IP) =
CONTINUE
FCCUM = 0.
ENDIF

o O O o O
s . . . O O O O o

o O O O O O

Calculation of CROP auxiliary variables
IF (ITASK.EQ.2) THEN

Calculation of leaf vigit rate of larvae

DVRL1T27 = LINT(DVRL1T, 12, 27.) * CFDVR
DVRL2T27 = LINT(DVRL2T, 12, 27.) * CFDVR
DVRL3T27 = LINT(DVRL3T, 12, 27.) * CFDVR
DVRL4T27 = LINT(DVRL4T, 12, 27.) * CFDVR
DVRL5T27 = LINT(DVRL5T, 12, 27.) * CFDVR

LPDL1 = LPDL1T27 * DVRL1/DVRL1T27
LPDL2 = LPDL2T27 * DVRL2/DVRL2T27
LPDL3 = LPDL3T27 * DVRL3/DVRL3T27
LPDL4 = LPDL4T27 * DVRLA4/DVRL4T27
LPDLS5 = LPDL5T27 * DVRL5/DVRLS5T27

IHARV 0

Trigger for harvest
DO 40 IB = 1,IBEDMAX
IF (LAIBED(IB).GE.LAIHARV.AND.IHARV.EQ.(0) THEN

THARV = IB
WRITE (*,*)'Harvest of bed', IB
ENDIF
CONTINUE

ENDIF

Calculation of CROP rate variables
IF (ITASK.EQ.3) THEN

DO 50 IP = IPATLOW,IPATCUM

Calculation of foliage consumption rate per patch
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IF (((DVRL1I/DVRL1)).LE.l1.) THEN
FCRL1 (IP)=IPATL1 (IP) *CONSL1*DVRL1+
S IPATL1I (IP)* (CONSL1* (DVRL1I/DVRL1)+
$ CONSL2* (1. - (DVRL1I/DVRL1))) *DVRL1
ELSE
FCRL1 (IP)=(IPATL1 (IP)+IPATL1I (IP))*CONSL1*DVRL1
ENDIF

IF (((DVRL2I/DVRL2)).LE.1.) THEN
FCRL2 (IP) =IPATL2 (IP) *CONSL2*DVRL2+
S IPATL2I (IP)* (CONSL2* (DVRL2I/DVRL2) +
S CONSL3* (1.~ (DVRL2I/DVRL2)) ) *DVRL2
ELSE
FCRL2 (IP)=(IPATL2 (IP) +IPATL2I (IP)) *CONSL2*DVRL2

ENDIF
IF (((DVRL3I/DVRL3)).LE.1.) THEN
FCRL3 (IP) = (IPATL3S (IP)+IPATL3R (IP)) *CONSL3*DVRL3+
5 IPATL3I (IP) * (CONSL3* (DVRL3I/DVRL3) +
$ CONSL4* (1. - (DVRL3I/DVRL3))) *DVRL3
ELSE
FCRL3 (IP) = (IPATL3S (IP) +IPATL3R (IP) +IPATL3I (IP))*
$ CONSL3*DVRL3
ENDIF
IF (((DVRL4AI/DVRL4)).LE.1.) THEN
FCRL4 (IP) = (IPATL4S (IP) + IPATL4R (IP) ) *CONSL4 *DVRLA4 +
$ IPATLAI (IP) * (CONSL4* (DVRL4I/DVRL4) +
8 CONSLS5* (1. - (DVRL4I/DVRLA4) ) ) *DVRL4
ELSE
FCRL4 (IP) = (IPATLA4S (IP) +IPATL4R (IP) +IPATL4I (IP)) *
s CONSL4 *DVRL4
ENDIF
FCRLS (IP) = (IPATL5S (IP) +IPATLSR (IP) +ITIL5S (IP) +ITILSD (IP) ) *
$ CONSL5*DVRL5

FCR(IP)=FCRL1 (IP)+FCRL2 (IP)+FCRL3 (IP)+FCRL4 (IP)+FCRL5 (IP)

* Calculation of plant damage event rate of
* populations of Ll to L5 larvae per patch
PDERL1 (IP)=(IPATL1 (IP)+IPATL1I (IP) *
$ (MIN(1., (DVRL1I/DVRL1))))*LPDL1*0.14
PDERL2(IP)—(IPATL2(IP)+IPATL2I(IP)
S (MIN(1., (DVRL2I/DVRL2)) )+IPATL1I (IP)*
$ (1.-MIN(1., (DVRL1I/DVRL1))))*LPDL2*0.25
PDERL3 (IP)=(IPATL3S(IP)+IPATL3R (IP) +
S IPATL3I (IP)* (MIN(1., (DVRL3I/DVRL3)))+
$ IPATL2I(IP)*(1.-MIN(1l., (DVRL2I/DVRL2))))*
s LPDL3*0.4
PDERL4 (IP)=(IPATL4S (IP) +IPATL4R (IP) +
$ IPATL4I(IP)* (MIN(1l., (DVRL4I/DVRL4)))+
$ IPATL3I(IP)*(1.-MIN(1., (DVRL3I/DVRL3))))*
S LPDL4*0.4

PDERLS5 (IP) = (IPATL5S (IP)+IPATLSR (IP)+ITILSD (IP) +
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CONT
ENDIF

Output o

IF (ITAS
CALL
CALL
CALL
CALL
CALL
CALL

ENDIF

Calculat
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ITIL5S(IP)+IPATLAI (IP) *
(1.-MIN(1., (DVRL4I/DVRL4))))*0.6*LPDL5

Calculation of plant damage event rate in foraging
domains of L1 to L5 larvae per patch
PDERFORL1 (IP)=(PDERL1 (IP) )+
(PDERL2 (IP) * (REAL (IPLANTL1) /REAL (IPLANTL2)
(PDERL3 (IP) * (REAL (IPLANTL1) /REAL (IPLANTL3)
(PDERL4 (IP) * (REAL (IPLANTL1) /REAL (IPLANTL4 )
(PDERLS5 (IP) * (REAL (IPLANTL1) /REAL (IPLANTLS)
PDERFORL2 (IP)=(PDERL2 (IP) *
(1.-REAL(IPLANTL1) /REAL (IPLANTL2)) ) +
(PDERL3 (IP) * (REAL (IPLANTL2-IPLANTL1) /
REAL (IPLANTL3) ) ) +
(PDERL4 (IP) * (REAL (IPLANTL2-IPLANTL1) /
REAL (IPLANTLA4) ) ) +
(PDERLS (IP) * (REAL (IPLANTL2 - IPLANTL1) /
REAL (IPLANTL5) ) )
PDERFORL3 (IP) = (PDERL3 (IP) *
(1.-REAL(IPLANTL2) /REAL (IPLANTL3) ) ) +
(PDERL4(IP)*(REAL(IPLANTL3-IPLANTL2)/
REAL (IPLANTL4) ) ) +
(PDERLS5 (IP) * (REAL (IPLANTL3-IPLANTL2) /
REAL (IPLANTLS5) ) )
PDERFORL4 (IP) = (PDERL4 (IP) *
(1.-REAL (IPLANTL3) /REAL (IPLANTL4) ) ) +
(PDERLS5 (IP) * (REAL (IPLANTL4 - IPLANTL3) /
REAL (IPLANTLS5) ) )
PDERFORLS (IP) = (PDERLS5 (IP) *
(1.-REAL(IPLANTL4) /REAL (IPLANTLS) ) )

) )+
)+
) )+
))

INUE

f CROP variables

K.EQ.4) THEN

OUTDAT (2,20, 'LAI1',LAI(1))

OUTDAT (2,20, 'LAIBED1',LAIBED (1))

OUTDAT (2,20, '"ILPP1' ,REAL (ILPP(1)))
OUTDAT (2,20, 'ILPPBED1' ,REAL (ILPPBED (1)) )
OUTDAT (2,20, 'FCCUM' , FCCUM)

OUTDAT (2,20, 'DPCUMO' , DPCUMO)

ion of CROP state variables

IF (ITASK.EQ.5) THEN

LAT
DO 6

and leaves per plant for each bed
0 IB = 1, IBEDMAX

DAP(IB) = DAP(IB) + DELT
LAIBED(IB) = LAIO + ((LAIMAX - LAIO)/

(1. + EXP(-RGRLAI* (DAP(IB) - DAPLAISO0))))
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60

70

80

ILPPBED (IB) = NINT(LPPO + ((LPPMAX - LPPO)/
(1. + EXP(-RGRLPP* (DAP(IB) - DAPLPP50)))))
CONTINUE

DO 70 IP = IPATLOW, IPATCUM
Calculation of LAI and leaves per plant for each patch
LAI(IP) = LAIBED(IPATDAT(1,IP))
ILPP(IP) = ILPPBED(IPATDAT(1,IP))

Calculation of area foliage consumption for each patch
FCPATCH(IP) = FCPATCH(IP) + FCR(IP)*DELT

Calculation of plant damage events in foraging

domains of L1l to L5 larvae per patch

PDEFORL1 (IP) = PDEFORL1(IP) + PDERFORLI1 (IP)*DELT
PDEFORL2 (IP) = PDEFORL2 (IP) + PDERFORL2(IP)*DELT
PDEFORL3 (IP) = PDEFORL3(IP) + PDERFORL3 (IP)*DELT
PDEFORL#4 (IP) = PDEFORL4 (IP) + PDERFORL4 (IP)*DELT
PDEFORLS (IP) = PDEFORL5(IP) + PDERFORLS5 (IP)*DELT

Calculation of damaged plants in foraging

domains of L1l to L5 larvae per patch

DPFORL1 (IP) = IPLANTL1*
(1.0-EXP(-PDEFORL1 (IP) /IPLANTL1))
DPFORL2 (IP) = (IPLANTL2-IPLANTL1 1.0-EXP (-PDEFORL2 (IP) /

(1
) *
(IPLANTL2-IPLANTL1))

DPFORL3 (IP) = (IPLANTL3-IPLANTL2)*
(IPLANTL3-IPLANTL2)
)

)

)

)

|

1.0-EXP(-PDEFORL3 (IP) /

)
*

DPFORL4 (IP) = (IPLANTL4-IPLANTL3 1.0-EXP (-PDEFORLA4 (IP) /
(IPLANTL4-IPLANTL3) )
DPFORL5 (IP) = (IPLANTL5-IPLANTL4)* (1.0-EXP (-PDEFORLS5 (IP)/

(
)
(
)
{
)
{
)

(IPLANTLS5-IPLANTLA4) )

Calculation of damaged plants in patch

DPPATCH(IP) = DPFORL1(IP)+DPFORL2 (IP)+DPFORL3 (IP)+
DPFORIL4 (IP) +DPFORLS (IP)

CONTINUE
DPCUM = O.
FCCUM = 0.

Calculation of cumulative foliage consumption and number of
damaged plants in greenhouse
DO 80 IP = 1,IPATCUM

DPCUM = DPCUM + DPPATCH (IP)
FCCUM = FCCUM + FCPATCH(IP)
CONTINUE
DPTOT = 0.
FCTOT = 0.

Calculation of instantaneous foliage consumption and number of
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130

*
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damaged plants in greenhouse
DO 90 IP = IPATLOW,IPATCUM
DPTOT = DPTOT + DPPATCH (IP)
FCTOT = FCTOT + FCPATCH(IP)
CONTINUE

Calculation of cumulative number of damaged plants per bed

and in greenhouse corrected for overlapping patches

DPCUMO = 0.

DO 110 IB = 1,IBEDMAX
DPBED (IB) = 0.
DPBEDO (IB) = O.

DO 100 IP = 1,IPATCUM
IF (IPATDAT(1l,IP).EQ.IB) THEN

DPBED (IB) = DPBED(IB) + DPPATCH(IP)
ENDIF
CONTINUE
DPBEDO (IB) = INPLANT* (1.-EXP (-DPBED (IB)/INPLANT))
DPCUMO = DPCUMO + DPBEDO (IB)

CONTINUE

Calculation of instantaneous number of damaged plants per bed

and in greenhouse corrected for overlapping patches

DPTOTO = 0.

DO 130 IB = 1,IBEDMAX
DPBED (IB) = 0.
DPBEDO (IB) = 0.

DO 120 IP = IPATLOW, IPATCUM
IF (IPATDAT(1,IP).EQ.IB) THEN

DPBED (IB) = DPBED(IB) + DPPATCH(IP)
ENDIF
CONTINUE
DPBEDO (IB) = INPLANT* (1.-EXP (-DPBED (IB)/INPLANT) )
DPTOTO = DPTOTO + DPBEDO (IB)
CONTINUE

ENDIF

Calculation of shift for CROP variables

(ITASK.EQ.6) THEN
Determination of LAI and leaves per plant of newly planted bed
IF (IHARV.NE.O) THEN
DAP(IHARV) = 0.
LAIBED (IHARV) = LAIO + ((LAIMAX - LAIO)/
(1. + EXP(-RGRLAI* (DAP(IHARV) - DAPLAISO0))))
ILPPBED (IHARV) = NINT(LPPO + ((LPPMAX - LPPO) /
(1. + EXP(-RGRLPP* (DAP(IHARV) - DAPLPP50)))))
ENDIF

LAI and leaves per plant of new patches
IF (IBATOUT.GT.O0.OR.IBATOUTI.GT.0) THEN
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DO 140 IB = 1, (IBATOUT+IBATOUTI)
ILPP(IPATCUM-IB+1) = ILPPBED (IPATDAT (1, IPATCUM-IB+1))
LAI (IPATCUM-IB+1) = LAIBED (IPATDAT (1, IPATCUM-IB+1))
140 CONTINUE
ENDIF
ENDIF

RETURN
END



SUBROUTINE RIRHT

Purpose: Simulation of relative infection rate by

horizontal transmission.

FORMAL PARAMETERS: (I=input,O=output,C=control, IN=init, T=time)
name type meaning (unit) : class
ITASK I4 Tasgk that subroutine should perform (-) I

FCLVSL1 R4 Fraction contaminated leaves in L1 foraging domain

(=) I
FCLVSL2 R4 Fraction contaminated leaves in L2 foraging domain

(-) 1
FCLVSL3 R4 Fraction contaminated leaves in L3 foraging domain

(=) I
FCLVSLA R4 Fraction contaminated leaves in L4 foraging domain

(-) I
FCLVSL5 R4 Fraction contaminated leaves in L5 foraging domain

() I
DELT R4 Time step (d)
IPATCUM I4 Cumulative number of patches in greenhouse (#) I
VERTDIST

R4 Fraction larvae per canopy layer (-) I

IPATLOW I4 Pointer for lowest patch number containing larvae (-) I
LPDL1 R4 Mean number of leaf visits of L1l larvae per day (d-1) I
LPDL2 R4 Mean number of leaf visits of L2 larvae per day (d-1) I
LPDL3 R4 Mean number of leaf visits of L3 larvae per day (d-1) I
LPDL4 R4 Mean number of leaf visits of L4 larvae per day (d-1) I
LPDL5 R4 Mean number of leaf visits of L5 larvae per day (d-1) I
RIRL1IHT R4 Relative infection rate by horizontal transmission

of L1l larvae (d-1) o]
RIRL2HT R4 Relative infection rate by horizontal transmission

of L2 larvae (d-1) 0
RIRL3HT R4 Relative infection rate by horizontal transmission

of L3 larvae (d-1) 0
RIRLAHT R4 Relative infection rate by horizontal transmission

of L4 larvae (d-1) o
RIRLSHT R4 Relative infection rate by horizontal transmission

of L5 larvae (d-1) o]

Fatal error checks: none

warnings: none

Subroutines called:

from TTUTIL: RDINIT,RDSREA, OUTDAT

File usage: SPADIS.DAT
SUBROUTINE RIRHT(ITASK,FCLVSLl,FCLVSLZ,FCLVSL3,FCLVSL4,FCLVSL5,
S DELT, IPATCUM, VERTDIST, IPATLOW, LPDL1, LPDL2,
S LPDL3,LPDL4, LPDL5,
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RIRL1HT, RIRL2HT, RIRL3HT, RIRL4HT, RIRL5HT)

PARAMETER (IPMAX = 200)

PARAMETER (ICLMAX = 3)

INTEGER ICL,IP

REAL RIRCL1,RIRCL2,RIRCL3, RIRCL4,RIRCL5, LPDL1l, LPDL2,
LPDL3,LPDL4, LPDL5, RIRL1HT, RIRL2HT, RIRL3HT, RIRL4HT,
RIRLSHT, FCLVSL1, FCLVSL2, FCLVSL3, FCLVSL4, FCLVSL5,
DELT, VERTDIST

DIMENSION RIRCL1 (IPMAX,4),RIRCL2 (IPMAX,4),RIRCL3 (IPMAX,4),

RIRCL4 (IPMAX, 4) ,RIRCL5 (IPMAX, 4) ,RIRL1HT (IPMAX) ,
RIRL2HT (IPMAX) , RIRL3HT (IPMAX) ,RIRL4HT (IPMAX) ,
RIRLSHT (IPMAX) , FCLVSL1 (IPMAX, ICLMAX) ,
FCLVSL2 (IPMAX, ICLMAX) , FCLVSL3 (IPMAX, ICLMAX) ,
FCLVSL4 (IPMAX, ICLMAX) , FCLVSL5 (IPMAX, ICLMAX) ,
VERTDIST(3,5)

SAVE

Initialization of RIRHT variables
IF (ITASK.EQ.1l) THEN

Read parameter values

CALL RDINIT (30,40, 'SPADIS.DAT')

CALL RDSREA ('LPDL1',6LPDL1)

CALL RDSREA ('LPDL2',LPDL2)

CALL RDSREA ('LPDL3',LPDL3)

CALL RDSREA ('LPDL4',LPDL4)

CALL RDSREA ('LPDL5',LPDL5)
ENDIF

Calculation of RIRHT variables
IF (ITASK.EQ.3) THEN
Loop over patches
DO 20 IP = IPATLOW,IPATCUM
Calculation of relative infection rate by horizontal
transmission per canopy layer for each larval instar.
Loop over canopy layers
DO 10 ICL = 1,3
RIRCL1(IP,ICL)

(1./DELT) *(1.-(1.-FCLVSL1(IP,ICL))
** (LPDL1*DELT) )

RIRCL2 (IP,ICL) = (1./DELT)*(l.-(1.-FCLVSL2(IP,ICL))
** (LPDL2*DELT) )

(1./DELT) *(1.-(1.-FCLVSL3 (IP, ICL))
**% (LPDL3*DELT) )

(1./DELT)*(1.-(1.-FCLVSL4 (IP, ICL))
** (LPDL4*DELT) )

(1./DELT) *(1.-(1.-FCLVSL5 (IP,ICL))
*% (LPDL5*DELT) )

RIRCL3 (IP, ICL)

RIRCL4 (IP, ICL)

RIRCL5 (IP, ICL)

CONTINUE

Relative infection rate by horizontal transmission
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per larval instar (1/day)

RIRL1HT (IP) = RIRCL1(IP,1)*VERTDIST(1,1)
RIRCL1 (IP,2)*VERTDIST (2,1)
RIRCL1 (IP,3)*VERTDIST (3,1)

(
{
RIRL2HT (IP) = RIRCL2(IP,1)*VERTDIST(1,2)
(
(

RIRCL2 (IP,2) *VERTDIST(2,2)
RIRCL2 (IP,3) *VERTDIST (3,2)
RIRL3HT (IP) = RIRCL3 (IP,1)*VERTDIST(1,3)
RIRCL3 (IP,2)*VERTDIST (2, 3)
RIRCL3 (IP,3) *VERTDIST (3, 3)
RIRL4HT (IP) = RIRCL4 (IP,1)*VERTDIST(1,4)
RIRCL4 (IP,2) *VERTDIST (2,4)
RIRCL4 (IP,3) *VERTDIST (3,4)
RIRL5SHT (IP) = RIRCL5(IP,1)*VERTDIST(1,5)
RIRCL5 (IP,2) *VERTDIST (2,5)
RIRCLS (IP,3) *VERTDIST(3,5)
CONTINUE
ENDIF

Output of RIRHT variables

IF (ITASK.EQ.4) THEN
CALL OUTDAT (2,20, 'RIRLIHT',RIRL1HT (1))
CALL OUTDAT (2,20, 'RIRL2HT' ,RIRL2HT (1))
CALL OUTDAT (2,20, 'RIRL3HT',RIRL3HT (1))
CALL OUTDAT (2,20, 'RIRL4HT',RIRL4HT (1))
CALL OUTDAT ( (1))

ENDIF

2,20, '"RIRL5HT' , RIRL5HT

RETURN
END

+

+
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SUBROUTINE MATING

Purpose: Simulation of mating and initialization of new egg batches

in female oviduct.

FORMAL PARAMETERS: (I=input,O=output, C=control, IN=init, T=time)

name type meaning (unit) : class

IMLTFEM I4 Emergence difference of female moths per time step
(#) : I
IMLTFEMI
I4 Emergence difference of sublethally infected female

moths per time step (#) I

IMLTMAL I4 Emergence difference of male moths per time step (#) I
IMLTMALI
I4 Emergence difference of sublethally infected male
moths per time step (#) I
ITOTMAL I4 Number of male moths in boxcar train (#) I
ITOTMALI
I4 Number of sublethally infected male moths in boxcar
train (#) I
IBATNR I4 Number of deposited egg batches per female moth (#) I
IBATIN 1I4 Number of batches in oviduct flowing in the IBATCH
boxcar train (#) 0
IBATINI I4 Number of infected batches in oviduct flowing in the
IBATCHI boxcar train (#) e]

Fatal error checks: none
warnings: none
Subroutines called: none
File usage: none
SUBROUTINE MATING (IMLTFEM, IMLTFEMI, IMLTMAL, IMLTMALI,
IS ITOTMAL, ITOTMALI, IBATNR,
s IBATIN, IBATINI)

INTEGER IMLTFEM, IMLTFEMI, ITOTMAL, ITOTMALI, IBATIN,
S IBATINI, I, IBATNR

REAL FINFMAL, LOT

SAVE

Calculation of fraction infected male moths
IF (ITOTMAL.EQ.O.AND.ITOTMALI.EQ.0) THEN
FINFMAL = O.
ELSE
FINFMAL (ITOTMALI + IMLTMALI)/
s (ITOTMAL + ITOTMALI + IMLTMAL + IMLTMALI)
ENDIF
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Mating of uninfected female moths with uninfected or infected male moths.
All females mate as long as there are males in the greenhouse.

If there are no male moths in the greenhouse, emerged female moths

cannot mate. If male moths emerge later, the earlier emerged female

moths still will not mate.

IBATIN = O

IBATINI = O

IF (((ITOTMAL + ITOTMALI + IMLTMAL + IMLTMALI).GT.0).AND.
S (IMLTFEM.GT.0)) THEN

Loop over uninfected female moths
DO 10 I = 1,IMLTFEM
LOT = UNIFL()
Mating of uninfected female moths with infected male moth
IF (LOT.LE.FINFMAL) THEN
IBATINI = IBATINI + IBATNR
Mating of uninfected female moths with uninfected male moth
ELSE
IBATIN = IBATIN + IBATNR
ENDIF
CONTINUE
ENDIF

Mating of infected female moth with male moth
IF ((ITOTMAL + ITOTMALI + IMLTMAL + IMLTMALI).GT.0) THEN
Loop over infected female moths
DO 20 I = 1,IMLTFEMI
IBATINI = IBATINI + IBATNR
CONTINUE
ENDIF

RETURN
END




SUBROUTINE SEDEV

Purpose: Simulation of Spodoptera exigua development and

population dynamics

FORMAL PARAMETERS: (I=input,O=output, C=control, IN=init, T=time)

name type meaning (unit) class
ITASK I4 Task that subroutine should perform (-) I
TIME R4 Time (d) I
DELT R4 Time step (4) I
IHARV I4 Flag for harvest (-) I

IPATDAT I4 Array containing co-ordinates of patches in
greenhouse (-) I

RIRL1IHT R4 Relative infection rate by horizontal transmission

of L1 larvae (d-1) I
RIRL2HT R4 Relative infection rate by horizontal transmission

of L2 larvae (d-1) I
RIRL3HT R4 Relative infection rate by horizontal transmission

of L3 larvae (d-1) I

RIRL4AHT R4 Relative infection rate by horizontal transmission
of L4 larvae (d-1) I
RIRLSHT R4 Relative infection rate by horizontal transmission
of L5 larvae (d-1) I
RIRL1S R4 Relative infection rate by ingestion of sprayed
polyhedra of L1 larvae (d-1) : I
RIRL2S R4 Relative infection rate by ingestion of sprayed
polyhedra of L2 larvae (d-1) I
RIRL3SS R4 Relative infection rate by ingestion of sprayed
polyhedra of susceptible L3 larvae (d-1) I
RIRL3RS R4 Relative infection rate by ingestion of sprayed
polyhedra of resistant L3 larvae (d-1) I
RIRL4SS R4 Relative infection rate by ingestion of sprayed
polyhedra of susceptible L4 larvae (d-1) I
RIRL4RS R4 Relative infection rate by ingestion of sprayed
polyhedra of resistant L4 larvae (d-1) I
RIRL5SS R4 Relative infection rate by ingestion of sprayed
polyhedra of susceptible L5 larvae (d-1) I
RIRL5RS R4 Relative infection rate by ingestion of sprayed

polyhedra of resistant L5 larvae (d-1) I
IPATL1 I4 Number of L1 larvae in boxcar train per patch (#) (e}
IPATL2 I4 Number of L2 larvae in boxcar train per patch (#) 0

IPATL3S I4 Number of susceptible L3 larvae in boxcar train per

patch (#) e}
IPATL3R I4 Number of resistant L3 larvae in boxcar train per

patch (#) e}
IPATL4S I4 Number of susceptible L4 larvae in boxcar train per

patch (#) 0

IPATL4R I4 Number of resistant L4 larvae in boxcar train per



IPATL5S I4
IPATL5R I4
IPATL1I T4
IPATL2I I4
IPATL3I I4
IPATL4TI I4
ITIL5S 14

ITIL5D 14
IDRL1I 1I4

IDRL2I I4
IDRL3I .I4
IDRL4I 1I4
IDRL5ID I4

IMLTMAL I4
IMLTFEM I4

IMLTMALI
14

IMLTFEMI
I4

IDRMAL I4
IDRFEM I4
IDRMALI I4
IDRFEMI I4
IRL1HT 1I4
IRL2HT 1I4
IRL3SHT I4

IRL3RHT I4

IRL4SHT I4

patch (#)
Number of
patch (#)
Number of
patch (#)
Number of
patch (#)
Number of
patch (#)
Number of
patch (#)
Number of
patch (#)
Number of
(#)

Number of

susceptible L5 larvae in boxcar train per

resistant L5 larvae in boxcar train per

infected L1 larvae in boxcar train per

infected L2 larvae in boxcar train per

infected L3 larvae in boxcar train per

infected L4 larvae in boxcar train per

sublethally infected L5 larvae per boxcar

lethally infected L5 larvae per boxcar (#)

Death difference of infected L1 larvae per time step

(#)

Death difference of infected L2 larvae per time step

(#)

Death difference of infected L3 larvae per time step

(#)

Death difference of infected L4 larvae per time step

(#)

Death difference of lethally infected L5 larvae per

time step
Emergence
Emergence

(#)

Emergence

moths per

Emergence

moths per

(#)
difference of male moths per time step (#)

difference of female moths per time step

difference of sublethally infected male

time step (#)

difference of sublethally infected female

time step (#)

Death difference of male moths per time step (#)

Death difference of female moths per time step (#)

Death difference of sublethally infected male moths

per time step (#)

Death difference of sublethally infected female

moths per
Infection
Ll larvae
Infection
L2 larvae

Infection

time step (#)

difference by horizontal transmission of
per timestep (#)

difference by horizontal transmission of
per timestep (#)

difference by horizontal transmission of

susceptible L3 larvae per timestep (#)

Infection
resistant

Infection

difference by horizontal transmission of
L3 larvae per timestep (#)

difference by horizontal transmission of
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IRL4RHT I4

IRL5SHTS

I4

IRL5RHTS
I4

IRL5SHTD
I4

IRL5RHTD

I4

IRL1S I4

IRL2S I4

IRL3SS 1I4

IRL3RS 1I4

IRL4SS 1I4

IRL4RS 1I4

IRL5SSS I4

IRL5RSS I4

IRL5SSD 14

IRL5RSD I4

ITOTMAL I4

ITOTFEM I4

ITOTMALI
I4

ITOTFEMI
I4

susceptible L4 larvae per timestep (#)

Infection

resistant

Infection

difference by horizontal transmission of

L4 larvae per timestep (#)

difference by horizontal transmission of

susceptible L5 larvae into sublethally infected L5

larvae per timestep (#)

Infection

registant

difference by horizontal transmission of
L5 larvae into sublethally infected L5

larvae per timestep (#)

Infection

difference by horizontal transmission of

susceptible L5 larvae into lethally infected L5

larvae per timestep (#)

Infection

resistant L5 larvae into lethally infected L5 larvae

difference by horizontal transmission of

per timestep (#)

Infection
polyhedra
Infection
polyhedra
Infection
polyhedra
Infection
polyhedra
Infection
polyhedra
Infection
polyhedra
Infection

polyhedra

difference by ingestion ©f sprayed

of L1 larvae per timestep (#)

difference by ingestion of sprayed

of L2 larvae per timestep (#)

difference by ingestion of sprayed

of susceptible L3 larvae per timestep (#)
difference by ingestion of sprayed

of resistant L3 larvae per timestep (#)
difference by ingestion of sprayed

of susceptible L4 larvae per timestep (#)
difference by ingestion of sprayed

of resistant L4 larvae per timestep (#)
difference by ingestion of sprayed

of susceptible L5 larvae into sublethally

infected L5 larvae per timestep (#)

Infection

polyhedra

difference by ingestion of sprayed

of resistant L5 larvae into sublethally

infected L5 larvae per timestep (#)

Infection

polyhedra

difference by ingestion of sprayed
of susceptible L5 larvae into lethally

infected L5 larvae per timestep (#)

Infection

polyhedra

difference by ingestion of sprayed

of resistant L5 larvae into lethally

infected L5 larvae per timestep (#)

Number of
Number of

Number of

train (#)

Number of

male moths in boxcar train (#)

female moths in boxcar train (#)

sublethally infected male moths in boxcar

sublethally infected female moths in
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boxcar train (#) o *

IBATIN I4 Number of batches in oviduct flowing in the IBATCH *
boxcar train (#) o *

IBATINI I4 Number of infected batches in oviduct flowing in the *
IBATCHI boxcar train (#) o *

IBATOUT I4 Number of batches in oviduct flowing out IBATCH *
boxcar train (#) o *

IBATOUTI *
I4 Number of batches in infected oviduct flowing out *

IBATCHI boxcar train (#) o *

IHATCHI I4 Hatch difference of infected L1 larvae per patch per *

time step (#)
IPATLOW I4 Pointer for lowest patch number containing larvae (-)
IPATCUM I4 Cumulative number of patches in greenhouse (i)
DVRL1 R4 Development rate of L1 larvae {(d-1)
DVRL2 R4 Development rate of L2 larvae (d-1)
DVRL3 R4 Development rate of L3 larvae (d-1)
DVRL4 R4 Development rate of L4 larvae (d-1)
DVRLS R4 Development rate of L5 larvae (d-1)
DVRL1I R4 Development rate of infected L1l larvae (d-1)
DVRL2I R4 Development rate of infected L2 larvae (d-1)
DVRL3I R4 Development rate of infected L3 larvae (d-1)
DVRL4I R4 Develo?ment rate of infected L4 larvae (d-1)
DVRL5ID R4 Development rate of lethally infected L5 larvae (d-1)

O O 0O 0O 0O O 0O o o O O o o o
*

ITOTPUP I4 Number of pupea in boxcar train (#)

ITOTPUPI *
I4 Number of sublethally infected pupea in boxcar train *

(#) o *

*

Fatal error checks: Check for individuals in non-existing patches *
FSURV < 0, FSURV > 1 *

IPATCUM >IPMAX *

warnings: none *
Subroutines called: *
from TTUTIL: RDINIT,RDSINT, RDSREA, RDAREA, RDFINT, RDFREA, *
OUTDAT *

own: IBOXCAR, IBOXPUP, IBOXPATLS, IBOXPAT, IBOXPATL2 .
IBOXPTIS, IBOXPTI, MATING, ACCOUNT, DEPOSIT *

File usage: INCON.DAT, SEDEV.DAT, VIRUS.DAT *

SUBROUTINE SEDEV (ITASK, TIME, DELT, IHARV, IPATDAT, RIRL1HT,
RIRL2HT,RIRL3HT, RIRL4HT, RIRLSHT, RIRL1S, RIRL2S,
RIRL3SS,RIRL3RS,RIRL4SS,RIRL4RS, RIRL5SS, RIRLSRS,

IPATL1, IPATL2, IPATL3S, IPATL3R, IPATL4S, IPATL4R,
IPATLS5S, IPATLSR, IPATL1I, IPATL2I, IPATL3I,
IPATL4I,ITIL5S,ITILSD, IDRL1TI, IDRL2TI, IDRL3T,
IDRL4I, IDRL5ID, IMLTMAL, IMLTFEM, IMLTMALI,
IMLTFEMI, IDRMAL, IDRFEM, IDRMALI, IDRFEMI, IRL1HT,
IRL2HT, IRL3SHT, IRL3RHT, IRL4SHT, IRL4ARHT,
IRL5SHTS, IRLSRHTS, IRL5SHTD, IRL5RHTD, IRL1S,

©v v W v v 1 nr »r
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PARAMETER
INTEGER

v’ vr vV AW

REAL

B2 5 V) IR0 B B2 2 S O R (7 SR V2 S ) TR ¢ TR /) S ¢ S 72 R O S 1 S 073

DIMENSION

N 1

IRL2S, IRL3SS, IRL3RS, IRL4SS, TRL4RS, IRL5SSS,
IRL5RSS, IRL5SSD, IRL5RSD, ITOTMAL, ITOTFEM,
ITOTMALI, ITOTFEMI, IBATIN, IBATINI, IBATOUT,
IBATOUTI, IHATCHI, IPATLOW, IPATCUM, DVRL1,
DVRL2, DVRL3,DVRL4,DVRL5,DVRL1I,DVRL2I,DVRL3I,
DVRL4I,DVRL5ID, ITOTPUP, ITOTPUPI)

(IPMAX = 200)

ITASK, IPATCUM, IP, IPATL1, IPATL2, IPATL3S, IPATL3R, IPATL4S,
IPATL4R, IPATL5S, IPATL5R, IPATL1I, IPATL2T, IPATL3I, IPATL4TI,
ITIL5S,ITILSD, ITOTBAT, ITOTBATI, IDRL1I, IDRL2T, IDRL3T,
IDRL4TI, IDRL5ID, IMLTMAL, IMLTFEM, IMLTMALI , IMLTFEMI,
IDRMAL, IDRMALI, IDRFEMI, IBATCH, IBATCHI, IEGG, IL1, IL2,
IL3,IL3S,IL3R,IL4,IL4S,IL4R,IL5,IL5S, ILSR, IPUP, IMAL,
IFEM, IEGGI, IL1TI,IL2I,IL3T,IL4I,IPUPI, IMALI, IFEMI, IL5IS,
IL5ID, IPATEGG, IPATEGGI, IRL1HT, IRL2HT, TRL3SHT, IRL3RHT,
IRL4SHT, IRL4RHT, IRLSSHTS, IRL5RHTS, IRL5SHTD, IRL5RHTD,
IATREGG, IATRL1, IATRL2, IATRL3S, IATRL3R, TATRL4S, IATRL4R,
IATRL5S, JATRL5R, TATRPUP, IATRMAL, IATRFEM, TATRBAT,

- IATRLS5IS, IATRPUPI, IATRMALI, IATRFEMI, ITATRBATI, IHATCH,

IMLTL2, IMLTL3S, IMLTL3R, IMLTL4S, IMLTL4R, IMLTL5S, IMLTL5R,
IMLTPUPS, IMLTPUPR, ITHATCHI, IMLTPUPI, IMOULTP, IMOULTPI,
ITOTPUP, ITOTPUPI, ITOTMAL, ITOTFEM, ITOTMALI, ITOTFEMI,
IRL1S, IRL2S, IRL3SS, IRL3RS, IRL4SS, IRL4RS, IRL5SSD, IRL5RSD,
IRL5SSS, IRL5RSS, IBATIN, IBATINI, IBATOUT, IBATOUTI, IHARV,
IPATDAT, IBATNR, I, ICTEMP, ICBATSIZE, INBATINFL, ISTOCH
RIRLIHT, RIRL2HT, RIRL3HT, RIRL4HT, RIRL5HT, LINT, CDSBATCH,
CDSBATCHI, CDSEGG, CDSL1, CDSL2, CDSL3S, CDSL4S, CDSL5S,
CDSL3R, CDSL4R, CDSL5SR, CDSPUP, CDSMAL, CDSFEM, CDSEGGI,
CDSL1I,CDSL2I,CDSL3I,CDSL4I,CDSL5IS, CDSL5ID, CDSPUPT,
CDSMALI, CDSFEMI, DVRBATT, DVREGGT , DVRL1T, DVRL2T, DVRL3T,
DVRL4T,DVRL5T, DVRPUPT, DVRMALT , DVRFEMT , DVREGGIT, DVRL1IT,
DVRL2IT,DVRL3IT,DVRL4IT,DVRLSIDT, DVRL5IST, DVRPUPIT,
DVRMALIT, DVRFEMIT, SDEGG, SDL1, SDL2, SDL3, SDL4, SDL5,
SDPUP, SDMAL, SDFEM, SDBAT, DVRBATCH, DVREGG, DVRL1,DVRL2,
DVRL3,DVRL4 , DVRL5, DVRPUP, DVRMAL, DVRFEM, DVREGGI , DVRL1I,
DVRL2I,DVRL3I,DVRL4I,DVRL5ID,DVRL5IS, DVRPUPI, DVRMALI,
DVRFEMI, DVRBATCHI, DVRBATIT, CVBATCH, CVEGG, CVL1, CVL2,
CVL3, CVL4, CVL5, CVPUP, CVMAL, CVFEM, RIRL1S, RIRL2S, RIRL3RS,
RIRL4SS, RIRL4RS, RIRL5SS, RIRL5RS, SEXRAT, X, FX, RATRL1,
RATRL2, RATRL3, RATRL4, RATRL5, RATRPUP, FCBATS, FCBATL,
FCEGGS, FCEGGL, FINFL5S, SDEGGI, SDL1I,SDL2I,SDL3I,SDL41I,
SDL5IS, SDL51ID, SDPUPI, SDFEMI, SDMALI, SDBATI, TEMPT,
FSURVFEM, FSURVMAL, FSURVL1, FSURVL2, FSURVL3, FSURVL4,
FSURVLS5, FSURVPUP, CFDVR, TBATINFL, TIME

IPATL1 (IPMAX) , IPATL2 (IPMAX) , IPATL3S (IPMAX) ,

IPATL3R (IPMAX) , IPATL4S (IPMAX) , IPATL4R (IPMAX) ,

IPATLS5S (IPMAX) , IPATL5R (IPMAX) , IPATL1I (IPMAX) ,

IPATL2I (IPMAX) , IPATL3I (IPMAX), IPATL4I (IPMAX),

ITILSS (IPMAX) , ITIL5D(IPMAX) ,IDRL1I (IPMAX),
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DIMENSION

SAVE

1l1-39

IDRL2I (IPMAX) , IDRL3I (IPMAX) , IDRL4I (IPMAX),

IDRLSID (IPMAX) ,RIRL1HT (IPMAX) , RIRL2HT (IPMAX) ,
RIRL3HT (IPMAX) , RIRL4HT (IPMAX) , RIRLSHT (IPMAX) ,
IBATCH(0:4), IBATCHI (0:4) ,IEGG (IPMAX, 0:4),
TL1(IPMAX,0:4),IL2 (IPMAX,0:4),IL3 (IPMAX,0:4),

IL3S (IPMAX, 0:4), IL3R(IPMAX,0:4),IL4 (IPMAX,0:4),

IL4S (IPMAX,0:4),IL4R (IPMAX, 0:4) ,IL5(IPMAX, 0:4),

IL5S (IPMAX, 0:4) , ILSR (IPMAX, 0:4) ,IPUP(0:4) , IMAL(0:2),
IFEM(0:2) , IEGGI (IPMAX, 0:4) ,IL1I (IPMAX,0:4),

IL2I (IPMAX,0:4),IL3T (IPMAX,0:4),IL4I(IPMAX,0:4),
IPUPI (0:4),IMALI (0:2),IFEMI(0:2),ILSIS(IPMAX,0:4),
IL5ID(IPMAX, 0:4) , IPATEGG (IPMAX) , IPATEGGI (IPMAX) ,
IRL1HT (IPMAX) , IRL2HT (IPMAX) , IRL3SHT (IPMAX) ,

IRL3RHT (IPMAX) , IRL4SHT (IPMAX) , IRLARHT (IPMAX) ,
IRL5SHTS (IPMAX) , IRLSRHTS (IPMAX) , IRLSSHTD (IPMAX) ,
TRLSRHTD (IPMAX) , IATREGG (IPMAX) , IATRL1 (IPMAX) ,

IATRL2 (IPMAX) , IATRL3S (IPMAX) , IATRL3R (IPMAX) ,

IATRLA4S (IPMAX) , IATRL4R (IPMAX) , IATRL5S (IPMAX) ,
IATRLSR (IPMAX) , IATRL5IS (IPMAX) , IHATCH (IPMAX) ,

IMLTL2 (IPMAX) , IMLTL3S (IPMAX) , IMLTL3R (IPMAX) ,

IMLTLAS (IPMAX) , IMLTL4R ( IPMAX) , IMLTL5S (IPMAX) ,
IMLTLSR (IPMAX) , IMLTPUPS (IPMAX) , IMLTPUPR (IPMAX) ,
THATCHI (IPMAX) , IMLTPUPI (IPMAX) , CDSEGG (IPMAX) ,

CDSL1 (IPMAX) , CDSL2 (IPMAX) , CDSL3S (IPMAX) ,

CDSL4S (IPMAX) , CDSL5S (IPMAX) , CDSL3R (IPMAX) ,

CDSLAR (IPMAX) , CDSL5SR (IPMAX) , CDSEGGI (IPMAX) ,

CDSL1I (IPMAX) ,CDSL2I (IPMAX) , CDSL3I (IPMAX),

CDSLA4I (IPMAX) , CDSL5IS (IPMAX) , CDSL5ID (IPMAX) ,

DVRBATT (12) , DVREGGT (12) ,DVRLLT (12) ,DVRL2T (12) ,
DVRL3T (12) ,DVRL4T (12) ,DVRL5T (12) ,DVRPUPT (12},
DVRMALT (12) ,DVRFEMT (12) , DVREGGIT (12) ,DVRL1IT (12),
DVRL2IT(12),DVRL3IT(12) ,DVRL4IT(12),DVRL5IDT (12),
DVRLSIST(12),DVRPUPIT (12) ,DVRMALIT(12) ,DVRFEMIT (12)
DVRBATIT (12), SDEGG(12) ,SDL1(12) ,SDL2(12),SDL3(12),
SDL4 (12) , SDLS (12) , SDPUP (12) ,SDMAL (12) , SDFEM (12) ,
SDBAT (12) , RIRL1S (IPMAX) , RIRL2S (IPMAX) ,RIRL3SS (IPMAX) ,
RIRL3RS (IPMAX) ,RIRL4SS (IPMAX) , RIRL4RS (IPMAX) ,
RIRL5SS (IPMAX) , RIRL5RS (IPMAX) , IRL1S (IPMAX) ,

IRL2S (IPMAX) , IRL3SS (IPMAX) , IRL3RS (IPMAX) ,

IRLASS (IPMAX) , IRL4RS (IPMAX) , IRL5SSD (IPMAX) ,

TIRL5RSD (IPMAX) , IRL5SSS (IPMAX) , IRL5RSS (IPMAX) ,
IPATDAT (3, IPMAX) ,X(110) ,FX(110) , IRL5SHTSAR (IPMAX, 0:4),
IRLSRHTSAR (IPMAX,0:4) , IRL5SSSSAR (IPMAX, 0:4),
IRLSRSSAR (IPMAX, 0:4) ,SDEGGI (12) ,SDL1I (12),SDL2I (12},
SDL3I(12),SDL4I (12),SDL5ID(12),SDL5IS(12),SDPUPI (12),
SDFEMI (12) , SDMALI (12) , SDBATI (12) , TEMPT (1920) ,
TBATINFL (50)

Initialization of SEDEV variables
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IF (ITASK.EQ.1l) THEN

Read initial conditions

CALL RDINIT
CALL RDSINT
CALL RDSINT
CALL RDAREA
temperature
CALL RDSINT

(30,40, 'INCON.DAT'")
("ISTOCH', ISTOCH)
('INBATINFL', INBATINFL)
('"TBATINFL', TBATINFL, 50, 50)
switch

("ICTEMP', ICTEMP)

Constant temperature in greenhouse when ICTEMP is set to 1

CALL RDSREA

("TEMP' , TEMP)

Measured temperatures in greenhouse when ICTEMP is set to 0

CALL RDAREA

("TEMPT', TEMPT, 1920,1920)

Uninfected insects

CALL RDFINT
CALL RDFINT
CALL RDFINT
CALL RDFINT
CALL RDFINT
CALL RDFINT
CALL RDFINT
CALL RDFINT
CALL RDFINT
CALL RDFINT

(*IEGG',IEGG(1,0),1000,5*IPMAX)
('*IL1',IL1(1,0),1000,5*IPMAX)
('"IL2',IL2(1,0),1000,5*IPMAX)
(*IL3',IL3(1,0),1000,5*IPMAX)
('IL4',IL4(1,0),1000,5*IPMAX)
('1L5',IL5(1,0),1000,5*IPMAX)
('IPUP',IPUP(0),5,5)

('"IMAL ',IMAL(0),3,3)

(*IFEM ',IFEM(0),3,3)
("IBATCH', IBATCH(0),5,5)

Infected insects

CALL RDFINT
CALL RDFINT
CALL RDFINT
CALL RDFINT
CALL RDFINT
CALL RDFINT
CALL RDFINT
CALL RDFINT
CALL RDFINT
CALL RDFINT
CALL RDFINT

('"IEGGI',IEGGI(1,0),1000,5*IPMAX)
('1L11',IL1I(1,0),1000,5*IPMAX)
(*IL2I',IL2I(1,0),1000,5*IPMAX)
('IL3I',IL3I(1,0),1000,5*IPMAX)
(*IL4I',IL4I(1,0),1000,5*IPMAX)
(*ILSID',IL5ID(1,0),1000,5*IPMAX)
('"IL5IS',IL5IS(1,0),1000,5*IPMAX)
(*IPUPI',IPUPI (0),5,5)

("IMALI', IMALI(0),3,3)
('"IFEMI',IFEMI (0),3,3)
('IBATCHI', IBATCHI(0),5,5)

Read parameter values

CALL RDINIT
Development
CALL RDFREA
CALL RDFREA
CALL RDFREA
CALL RDFREA
CALL RDFREA
CALL RDFREA
CALL RDFREA
CALL RDFREA
CALL RDFREA
CALL RDFREA

(30,40, 'SEDEV.DAT"')
rates of uninfected insects as function of temperature

'DVREGGT' ,DVREGGT (1) ,12,12)

'DVRL1T',DVRL1IT(1),12,12)
'DVRL2T',DVRL2T (1) ,12,12)
'DVRL3T',DVRL3T(1),12,12)

) ,12,12)
'DVRLST' ,DVRL5T (1) ,12,12)

'DVRPUPT' ,DVRPUPT (1) ,12,12)
'DVRMALT' ,DVRMALT (1) ,12,12)
'DVRFEMT' ,DVRFEMT (1) ,12,12)
('DVRBATT',DVRBATT(I),12,12)

(
(
{
( 1
('DVRLAT' ,DVRLAT (1
( 1
(
(
(

Conversion factor of larval development rate from artificial diet

to chrysanthemum
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CALL RDSREA ('CFDVR' ,CFDVR)

Standard deviation of development rates of insects as function
of temperature

CALL RDFREA ('SDEGG',SDEGG(1l),12,12)

CALL RDFREA ('SDL1',SDL1(1),12,12)

CALL RDFREA ('SDL2',SDL2(1),12,12)

CALL RDFREA ('SDL3',SDL3(1),12,12)

CALL RDFREA ('SDL4',SDL4(1),12,12)

CALL RDFREA ('SDL5',SDL5(1),12,12)

CALL RDFREA ('SDPUP',SDPUP(1),12,12)

CALL RDFREA ('SDMAL',SDMAL(1),12,12)

CALL RDFREA ('SDFEM',6SDFEM(1),12,12)

CALL RDFREA ('SDBAT',SDBAT(1),12,12)

Fraction survival of development stages in absence of virus
CALL RDSREA ('FSURVL1l' ,FSURVLL)

CALL RDSREA ('FSURVL2' ,FSURVL2)

CALL RDSREA ('FSURVL3' ,FSURVL3)

CALL RDSREA ('FSURVL4' ,FSURVL4)

CALL RDSREA ('FSURVLS5' ,FSURVL5)

CALL RDSREA ('FSURVPUP',6 FSURVPUP)

CALL RDSREA ('FSURVFEM' , FSURVFEM)

CALL RDSREA ('FSURVMAL' ,FSURVMAL)

Sexratio of insects

CALL RDSREA ('SEXRAT', SEXRAT)

Number of deposited egg batches per female moth

CALL RDSINT ('IBATNR',6 IBATNR)

Fraction of infected L5 larvae that will become sublethally infected
CALL RDSREA ('FINFL5S',6K FINFL5S)

Critical egg batch size to be a large egg batch

CALL RDSINT ('ICBATSIZE',6 ICBATSIZE)

Fraction of small egg batches that are contaminated by sublethally
infected adults

CALL RDSREA ('FCBATS', FCBATS)

Fraction of large egg batches that are contaminated by sublethally
infected adults

CALL RDSREA ('FCBATL', FCBATL)

Maximal fraction contaminated eggs in small egg batches

CALL RDSREA ('FCEGGS',6 FCEGGS)

Maximal fraction contaminated eggs in large egg batches

CALL RDSREA ('FCEGGL', FCEGGL)

Cumulative egg batch size distribution

CALL RDAREA ('FX',6FX,110,110)

Egg batch size

CALL RDAREA ('X',X,110,110)

CALL RDINIT (30,40, 'VIRUS.DAT')

Development rates of infected insects as function of temperature
CALL RDFREA ('DVREGGIT',DVREGGIT(1),12,12)

CALL RDFREA ('DVRL1IT',6DVRL1IT(1),12,12)

CALL RDFREA ('DVRL2IT',DVRL2IT(1),12,12)

CALL RDFREA ('DVRL3IT',DVRL3IT(1),12,12)
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CALL RDFREA ('DVRL4IT',DVRL4IT(1),12,12)
CALL RDFREA ('DVRL5IDT',DVRL5IDT(1),12,12)
CALL RDFREA ('DVRL5IST',DVRL5IST(1),12,12)
CALL RDFREA ('DVRPUPIT',DVRPUPIT(1),12,12)
CALL RDFREA ('DVRMALIT',DVRMALIT(1),12,12)
CALL RDFREA ('DVRFEMIT',6DVRFEMIT(1),12,12)
CALL RDFREA ('DVRBATIT',DVRBATIT(1),12,12)
* Standard deviation of development rates of infected insects
* as function of temperature
CALL RDFREA ('SDEGGI',SDEGGI(1),12,12)
CALL RDFREA ('SDL1I',SDL1I(1),12,12)
CALL RDFREA ('SDL2I',SDL2I(1),12,12)
CALL RDFREA ('SDL3I',SDL3I(1),12,12)
CALL RDFREA ('SDL4I',SDL4I(1),12,12)
CALL RDFREA ('SDL5ID',SDL5ID(1),12,12)
CALL RDFREA (iSDLSIS',SDLSIS(l),12,12)
CALL RDFREA ('SDPUPI', SDPUPI (
( (
( {
( (

1),12,12)
CALL RDFREA ('SDMALI',SDMALI(1),12,12)
CALL RDFREA ('SDFEMI',SDFEMI(1),12,12)
CALL RDFREA 'SDBATI',SDBATI(1),12,12)
* Division of populations L3, L4 and L5 larvae in suseptible

* and resistant sub-populations.
DO 20 IP = 1,IPMAX
DO 10 I = 0,4

IL3S(IP,I) = IROUND(IL3(IP,I)*0.5)
IL3R(IP,I) = IL3(IP,I) - IL3S(IP,I)
IL4S(IP,I) = IROUND (IL4(IP,I)*0.5)
IL4R(IP,I) = IL4(IP,I) - IL4S(IP,I)
IL5S(IP,I) = IROUND(ILS(IP,I)*0.5)
ILSR(IP,I) = IL5(IP,I) - IL5S(IP,I)
10 CONTINUE
Initialization of death rates
IDRL1I(IP) = 0
IDRL2I(IP) = 0
IDRL3I(IP) = 0
IDRL4AI(IP) = 0
IDRL5ID(IP) = 0
20 CONTINUE
* Check for individuals in non-existing patches

DO 40 IP = IPATCUM+1, IPMAX
DO 30 I = 0,4
IF ((IEGG(IP,I).NE.O).OR.
(IL1(IP,I).NE.O) .OR.
(IL2(IP,I).NE.O) .OR.
(IL3S(IP,I).NE.O).OR.
(IL3R(IP,I).NE.O).CR.
(IL4S(IP,I).NE.O) .OR.
(IL4R(IP,I).NE.O) .OR.

vr »r N »r 1 n
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STOP'Population initialization error!'

(IL5S(IP,I).NE.O).OR.
(ILSR(IP,I).NE.O).OR.
(IEGGI(IP,I).NE.O).CR.
(IL1I(IP,I).NE.O).OR.
(IL2I(IP,I).NE.O).OR.
(IL3I(IP,I).NE.O).OR.
(IL4I(IP,I).NE.O).OR.
(ILSID(IP,I).NE.O).OR.
(IL5IS(IP,I).NE.O))
CONTINUE
CONTINUE

Check for impossible input data for

IF (FSURVL1.LE.0.OR.FSURVL1.GT.

STOP'Attrition initialization

IF (FSURVL2.LE.0.OR.FSURVL2.GT.

STOP'Attrition initialization

IF (FSURVL3.LE.0.OR.FSURVL3.GT.

STOP'Attrition initialization

IF (FSURVL4 .LE.0.OR.FSURVL4.GT.

STOP'Attrition initialization

IF (FSURVL5.LE.O0.OR.FSURVL5.GT.

STOP'Attrition initialization

1.)
error
1.)
exrror
1.)
error
1.)
error
1.)

error

IF (FSURVPUP.LE.0.OR.FSURVPUP.GT.1.)

STOP'Attrition initialization

error

IF(FSURVMAL.LE.O.OR.FSURVMAL.GT.1.)

STOP'Attrition initialization

error

IF(FSURVFEM.LE.0,0R.FSURVFEM.GT.1.)

STOP'Attrition initialization
ENDIF

error

Calculation of SEDEV forcing functions

IF (ITASK.EQ.2) THEN

Reading measured greenhouse temperatures

IF (ICTEMP.NE.1l) THEN
TEMP = LINT(TEMPT, 1920,
ENDIF

TIME)

attrition calculation

for

for

for

for

for

for

for

for

Development rates of uninfected insects

DVREGG = LINT(DVREGGT, 12,
DVRL1 = LINT(DVRL1T, 12,
DVRL2 = LINT(DVRL2T, 12,
DVRL3 = LINT (DVRL3T, 12,
DVRL4 = LINT(DVRL4T, 12,
DVRLS5 = LINT(DVRL5T, 12,
DVRPUP = LINT(DVRPUPT, 12,
DVRMAL = LINT(DVRMALT, 12,
DVRFEM = LINT(DVRFEMT, 12,
(

DVRBATCH = LINT (DVRBATT, 12,

TEMP)
TEMP)
TEMP)
TEMP)
TEMP)
TEMP)
TEMP)
TEMP)
TEMP)
TEMP)

L1l larvae!l'

L2 larvae!'

L3 larvae!'

L4 larvae!l'

L5 larvae!l!

pupae!'’

male moths!'

female moths!'

* CFDVR
* CFDVR
* CFDVR
* CFDVR
* CFDVR
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* Development rates of infected insects
DVREGGI = LINT (DVREGGIT, 12, TEMP)
DVRL1I = LINT(DVRL1IT, 12, TEMP)
DVRL2T = LINT (DVRL2IT, 12, TEMP)
DVRL3I = LINT(DVRL3IT, 12, TEMP)
DVRL41I = LINT(DVRL4IT, 12, TEMP)
DVRL5ID = LINT(DVRL5IDT, 12, TEMP)
DVRL5IS = LINT (DVRL5IST, 12, TEMP)
DVRPUPI = LINT(DVRPUPIT, 12, TEMP)
DVRMALT = LINT(DVRMALIT, 12, TEMP)
DVRFEMI = LINT(DVRFEMIT, 12, TEMP)
DVRBATCHI = LINT(DVRBATIT, 12, TEMP)
* Coefficient of variation of uninfected insects
CVEGG = LINT (SDEGG, 12, TEMP) * DVREGG
CVL1 = LINT(SDL1, 12, TEMP) * DVRL1
CVL2 = LINT(SDL2, 12, TEMP) * DVRL2
CVL3 = LINT (SDL3, 12, TEMP) * DVRL3
CVL4 = LINT(SDL4, 12, TEMP) * DVRL4
CVL5 = LINT(SDLS, 12, TEMP) * DVRLS
CVPUP = LINT (SDPUP, 12, TEMP) * DVRPUP
CVMAL = LINT (SDMAL, 12, TEMP) * DVRMAL
CVFEM = LINT (SDFEM, 12, TEMP) * DVRFEM
CVBATCH = LINT (SDBAT, 12, TEMP) * DVRBATCH
* Coefficient of variation of infected insects
CVEGGI = LINT (SDEGGI, 12, TEMP) * DVREGGI
CVL1I = LINT(SDL1I, 12, TEMP) * DVRL1I
CVL2I = LINT (SDL2I, 12, TEMP) * DVRL2I
CVL3I = LINT (SDL3I, 12, TEMP) * DVRL3I
CVL4I = LINT(SDL4I, 12, TEMP) * DVRL4I
CVL5ID = LINT(SDL5ID, 12, TEMP) * DVRL5ID
CVL5IS = LINT(SDL5IS, 12, TEMP) * DVRL5IS
CVPUPI = LINT (SDPUPI, 12, TEMP) * DVRPUPI
CVMALI = LINT(SDMALI, 12, TEMP) * DVRMALI
CVFEMI = LINT(SDFEMI, 12, TEMP) * DVRFEMI
CVBATCHI = LINT (SDBATI, 12, TEMP) * DVRBATCHI
* Initialization of cyclic development stages of uninfected
* and infected insects

IF (TIME.LE. (0.5*DELT)) THEN
DO 50 IP = 1,IPMAX

CDSEGG(IP) = 0.125-0.5*CVEGG**2
CDSL1 (IP) = 0.125-0.5*CVL1**2
CDSL2 (IP) = 0.125-0.5*CVL2**2
CDSL3R(IP) = 0.125-0.5*%CVL3**2
CDSL3S(IP) = 0.125-0.5*CVL3**2
CDSL4R(IP) = 0.125-0.5*CVL4**2
CDSL4S (IP) = 0.125-0.5*%CVL4**2
CDSL5R(IP) = 0.125-0.5*CVL5**2
CDSL5S(IP) = 0.125-0.5*%CVL5**2

CDSEGGI(IP) = 0.125-0.5*CVEGGI**2



.125-0.5*CVL1I**2
.125-0.5*CVL2I**2
CDSL3I(I .125-0.5%CVL3I**2
CDSL4TI(I .125-0.5*CVL4I**2
CDSL5IS(IP) = 0.125-0.5*CVL5IS**2
CDSL5ID(IP) = 0.125-0.5*CVL5ID**2
50 CONTINUE
CDSPUP
CDSMAL
CDSFEM
CDSBATCH
CDSPUPI
CDSMALI
CDSFEMI
CDSBATCHI
ENDIF

CDSL1I(IP) =
CDSL2I(IP) =

o o o o

P)
P)

.25-0.5*CVPUP**2
.25-0.5*CVMAL**2
.25-0.5*CVFEM**2
.125-0.5*CVBATCH**2
.25-0.5*CVPUPI**2
.25-0.5*CVMALI**2
.25-0.5*CVFEMI**2
.125-0.5*CVBATCHI**2

] 1 ]

Il

1]

Il
O O O O O O O o

* Relative attrition rates of uninfected and infected insects
RATRL1 -1*LOG (FSURVL1) *DVRL1
RATRL2 -1*LOG (FSURVL2) *DVRL2
RATRL3 ~1*LOG (FSURVL3) *DVRL3
RATRL4 ~1*LOG (FSURVL4 ) *DVRL4
RATRLS -1*LOG (FSURVL5) *DVRL5
(
(
(

RATRPUP = -1*LOG(FSURVPUP) *DVRPUP

RATRFEM -1*LOG (FSURVFEM) *DVRFEM

RATRMAL = -1*LOG(FSURVMAL) *DVRMAL
ENDIF

* Calculation of SEDEV rate variables
IF (ITASK.EQ.3) THEN
* Calculation of rate variables of uninfected insects.
* Development of adult moths and pupae is simulated at the greenhouse
* level
CALL IBOXCAR(1l,ITASK,DELT, IBATIN,4,DVRBATCH,
S CVBATCH, CDSBATCH, 0.,
S IBATCH, ITOTBAT, IBATOUT, IATRBAT)
CALL IBOXCAR (2, ITASK,DELT, IMLTMAL, 2, DVRMAL,
S CVMAL, CDSMAL, RATRMAL,
S IMAL, ITOTMAL, IDRMAL, IATRMAL)
CALL IBOXCAR (3, ITASK,DELT, IMLTFEM, 2, DVRFEM,
S CVFEM, CDSFEM, RATRFEM,
3 IFEM, ITOTFEM, IDRFEM, IATRFEM)
CALL IBOXPUP(1,ITASK,DELT, IMOULTP, 4,DVRPUP, CVPUP,CDSPUP,
S SEXRAT, RATRPUP,
3 IPUP, ITOTPUP, IMLTMAL, IMLTFEM, IATRPUP)

* Development of eggs and larvae is simulated per patch
DO 60 IP = IPATLOW, IPATCUM
CALL IBOXPATLS5 (1, ITASK,DELT, IMLTL5S(IP),4,DVRL5,CVLS5,
s CDSL5S (IP),IP,RATRL5,RIRLSHT (IP),
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RIRL5SS (IP) , FINFLSS,

IL5S, IPATL5S (IP) , IMLTPUPS (IP), IATRL5S (IP),
IRL5SHTS (IP) , IRL5SHTD (IP) , IRL5SSS (IP),
IRL5SSD (IP) , IRL5SHTSAR, IRL5SSSAR)

CALL IBOXPATLS5 (2, ITASK,DELT, IMLTL5SR (IP),4,DVRL5, CVL5,
CDSL5R (IP) , IP, RATRLS, RIRL5HT (IP),
RIRLSRS (IP) , FINFLSS,

IL5R, IPATL5R (IP) , IMLTPUPR (IP) , IATRL5R (IP),
IRLSRHTS (IP), IRLSRHTD (IP) , IRL5RSS (IP),
IRL5RSD (IP) , IRL5SRHTSAR, IRL5RSSAR)
CALL IBOXPAT (1, ITASK,DELT, IMLTL4S (IP),4,DVRL4,CVL4,
CDSL4S (IP) , IP, RATRL4, RIRLAHT (IP),
RIRL4SS(IP),
IL4S, IPATL4S (IP) , IMLTLSS (IP) , IATRL4S (IP),
TIRL4SHT (IP), IRL4SS (IP))
CALL IBOXPAT (2, ITASK,DELT, IMLTL4R (IP),4,DVRL4,CVL4,
CDSL4R (IP) , IP,RATRL4,RIRL4HT (IP),
RIRL4ARS (IP),
IL4R, IPATL4R (IP) , IMLTLSR (IP) , IATRL4R (IP),
IRLARHT (IP) , IRL4RS (IP))
CALL IBOXPAT (3, ITASK,DELT, IMLTL3S (IP),4,DVRL3,CVL3,
CDSL3S(IP),IP,RATRL3,RIRL3HT (IP),
RIRL3SS(IP),
IL3S,IPATL3S (IP), IMLTL4S(IP), IATRL3S (IP),
IRL3SHT (IP), IRL3SS (IP))
CALL IBOXPAT (4, ITASK,DELT, IMLTL3R(IP),4,DVRL3,CVL3,
CDSL3R(IP),IP,RATRL3,RIRL3HT (IP),
RIRL3RS(IP),
IL3R, IPATL3R (IP) , IMLTL4R(IP) , IATRL3R (IP),
IRL3RHT (IP), IRL3RS (IP))

CALL IBOXPATL2 (ITASK,DELT, IMLTL2 (IP),4,DVRL2,CVL2,
CDSL2 (IP),IP,RATRL2,RIRL2HT (IP),

RIRL2S (IP),
IL2, IPATL2 (IP), IMLTL3S(IP), IMLTL3R (IP),
IATRL2 (IP) , IRL2HT (IP) , IRL2S (IP))
CALL IBOXPAT (5, ITASK,DELT, IHATCH(IP),4,DVRL1,CVL1,
CDSL1(IP),IP,RATRLL,RIRLIHT (IP),
RIRL1S (IP),
IL1,IPATL1(IP), IMLTL2 (IP),IATRL1(IP),
IRL1HT (IP), IRL1S(IP))
CALL IBOXPAT (6, ITASK,DELT, O, 4,DVREGG, CVEGG,
CDSEGG(IP),IP,0.,0.,
0.,
IEGG, IPATEGG (IP) , IHATCH(IP) , IATREGG (IP),
0,0)
CONTINUE

Calculation of rate variables of infected insects.
Development of adult moths and pupae is simulated at the greenhouse

level
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CALIL, IBOXCAR (4,ITASK,DELT,IBATINI,4,DVRBATCHI,
CVBATCHI, CDSBATCHI, 0.,
IBATCHI, ITOTBATI, IBATOUTI, IATRBATI)
CALL IBOXCAR(5,ITASK,DELT, IMLTMALI,2,DVRMALT,
CVMALI, CDSMALI, RATRMAL,
IMALI, ITOTMALTI, IDRMALI, IATRMALI)
CALL IBOXCAR (6, ITASK,DELT,IMLTFEMI,2,DVRFEMI,
CVFEMI, CDSFEMI, RATRFEM,
IFEMI, ITOTFEMI, IDRFEMI, IATRFEMI)
CALIL IBOXPUP (2, ITASK,DELT, IMOULTPI, 4,DVRPUPI, CVPUPI, CDSPUPT,
SEXRAT, RATRPUP,
IPUPI, ITOTPUPI, IMLTMALI, IMLTFEMI, IATRPUPI)

Development of contaminated eggs and larvae is simulated per patch
DO 70 IP = IPATLOW,IPATCUM

CALL IBOXPTIS (ITASK,DELT, IRL5SHTSAR, IRL5RHTSAR,
IRL5SSSAR, IRL5RSSAR,
4,DVRL5IS,CVLSIS,CDSLSIS(IP),IP,RATRLS,
ILSIS,ITILSS(IP),IMLTPUPI(IP),IATRL5IS(IP))

CALL IBOXPTI(1,ITASK,DELT,IRLSSHTD(IP)+IRL5RHTD(IP)+
IRL58SD(IP)+IRLSRSD(IP),
4,DVRLSID,CVL5ID,CDSLSID(IP),IP,RATRLS,
IL5ID, ITIL5D(IP),IDRLSID(IP))

CALL IBOXPTI(2,ITASK,DELT,IRL4SHT(IP)+IRL4RHT(IP)+
IRL4SS (IP)+IRLARS (IP),
4,DVRL4I,CVL4I,CDSL4I(IP),IP,RATRLA,
IL4I,IPATL4I (IP),IDRL4I (IP))

CALL IBOXPTI(3,ITASK,DELT,IRL3SHT(IP)+IRL3RHT(IP)+
IRL3SS (IP)+IRL3RS (IP),
4,DVRL3I,CVL3I,CDSL3I(IP),IP,RATRL3,
IL3I,IPATL3I(IP),IDRL3I(IP))

CALL IBOXPTI(4,ITASK,DELT,IRL2HT(IP)+IRL28(IP),
4,DVRL2I,CVL2I,CDSL2I(IP), IP,RATRL2,
IL2I,IPATL2I(IP),IDRL2I(IP))

CALL IBOXPTI(5,ITASK,DELT,IHATCHI(IP)+IRL1HT(IP)
+IRL1S(IP),
4,DVRL1I,CVL1I,CDSL1I(IP),IP,RATRLL,
IL1I,IPATLLI(IP),IDRL1I(IP))

CALL IBOXPTI (6,ITASK,DELT,O,

4 ,DVREGGI, CVEGGI, CDSEGGI (IP) ,IP,0.,
IEGGI, IPATEGGI (IP) , IHATCHI (IP))
CONTINUE

Auxiliary variables for transfer of L5 to pupea from patch level
to greenhouse level

IMOULTP = 0

IMOULTPI = O

Newly moulted pupea are simulated at the greenhouse level
DO 80 IP = IPATLOW, IPATCUM




I -48

80

“v“&r r vr »r W “r L nr »r W»n

“¥r »r »vr n»

IMOULTP = IMOULTP + IMLTPUPS(IP) + IMLTPUPR (IP)
IMOULTPI = IMOULTPI + IMLTPUPI (IP)
CONTINUE

Mating of new emerged female moths and initialization of new
egg batches in female oviduct.
CALL MATING (IMLTFEM, IMLTFEMI, IMLTMAL, IMLTMALI,
ITOTMAL,ITOTMALi,IBATNR,
IBATIN, IBATINI)
ENDIF

Output of SEDEV wvariables
IF (ITASK.EQ.4) THEN
Calculation of shift for uninfected insects.
Development of adult moths and pupae is simulated at the greenhouse
level
CALL IBOXCAR(1,ITASK,DELT, IBATIN, 4,DVRBATCH,
CVBATCH, CDSBATCH, 0.,
IBATCH, ITOTBAT, IBATOUT, IATRBAT)
CALL IBOXCAR(2,ITASK,DELT, IMLTMAL, 2,DVRMAL,
CVMAL, CDSMAL, RATRMAL,
IMAL, ITOTMAL, IDRMAL, TATRMAL)
CALL IBOXCAR(3,ITASK,DELT, IMLTFEM, 2,DVRFEM,
CVFEM, CDSFEM, RATRFEM,
IFEM, ITOTFEM, IDRFEM, IATRFEM)
CALL IBOXPUP (1, ITASK,DELT, IMOULTP, 4, DVRPUP, CVPUP, CDSPUP,
SEXRAT, RATRPUP,
IPUP, ITOTPUP, IMLTMAL, IMLTFEM, IATRPUP)

Development of eggs and larvae is simulated per patch
DO 90 IP = IPATLOW,IPATCUM

CALL IBOXPATLS5 (1, ITASK,DELT, IMLTLS5S(IP),4,DVRL5,CVL5,
CDSL5S(IP),IP,RATRL5,RIRLSHT (IP),
RIRL5SS (IP),FINFL5S,

IL5S, IPATL5S (IP), IMLTPUPS (IP), IATRL5S(IP),
IRLS5SHTS (IP) , IRLSSHTD (IP) , IRL5SSS (IP),
IRL5SSD(IP), IRL5SHTSAR, IRL5SSSAR)

CALL IBOXPATLS (2, ITASK,DELT, IMLTL5R (IP),4,DVRL5, CVLS5,
CDSL5R (IP), IP,RATRLS,RIRLSHT (IP),
RIRL5RS (IP) , FINFL5S,

IL5R, IPATL5R(IP), IMLTPUPR(IP) , IATRL5R (IP),
IRLSRHTS (IP) , IRLSRHTD (IP), IRL5RSS(IP),
IRL5RSD (IP), IRL5RHTSAR, IRL5RSSAR)
CALL IBOXPAT (1, ITASK,DELT, IMLTL4S(IP),4,DVRL4,CVL4,
CDSL4S (IP), IP,RATRL4, RIRL4HT (IP),
RIRL4SS (IP),
IL4S, IPATL4S(IP), IMLTL5S(IP), IATRL4S (IP),
IRL4SHT (IP), IRL4SS(IP))
CALL IBOXPAT(2,ITASK,DELT, IMLTL4R(IP),4,DVRL4,CVL4,
CDSL4R (IP),IP,RATRL4,RIRL4HT (IP),
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CALL

CALL

CALL

CALL

CALL

CONTINUE

Calculati

Development of adult moths and pupae is simulated at the greenhouse

level
CALL IBOX

CALL IBOX

CALL IBOX

CALL IBOXPUP (2, ITASK,DELT, IMOULTPI, 4, DVRPUPI, CVPUPI, CDSPUPI,

Development of contaminated eggs and larvae is simulated per patch

DO 100 IP
CALL

RIRL4RS (IP),
IL4R, IPATL4R (IP) , IMLTLSR (IP) , IATRLAR(IP),
IRLARHT (IP) , IRL4RS (IP))

IBOXPAT (3, ITASK, DELT, IMLTL3S (IP),4,DVRL3, CVL3,
CDSL3S (IP), IP,RATRL3,RIRL3HT (IP),
RIRL3SS(IP),

IL38, IPATL3S (IP), IMLTL4S (IP), IATRL3S (IP),
IRL3SHT (IP), IRL3SS(IP))

IBOXPAT (4, ITASK, DELT, IMLTL3R (IP),4,DVRL3, CVL3,
CDSL3R (IP),IP,RATRL3,RIRL3HT (IP),
RIRL3RS(IP),
IL3R,IPATL3R(IP),IMLTL4R(IP),IATRL3R(IP),
IRL3RHT (IP), IRL3RS(IP))

TIBOXPATL2 (ITASK, DELT, IMLTL2 (IP) ,4,DVRL2, CVL2,

CDSL2 (IP),IP,RATRL2,RIRL2HT(IP),

RIRL2S (IP),

IL2, IPATL2 (IP), IMLTL3S (IP) , IMLTL3R (IP),
IATRL2 (IP), IRL2HT (IP), IRL2S(IP))

IBOXPAT (5, ITASK, DELT, IHATCH (IP) ,4,DVRL1, CVL1,
CDSL1(IP),IP,RATRL1,RIRLIHT (IP),
RIRL1S(IP),

IL1, IPATL1 (IP), IMLTL2 (IP), IATRL1 (IP),
IRL1HT (IP),IRL1S(IP))

IBOXPAT (6, ITASK,DELT, 0, 4, DVREGG, CVEGG,
CDSEGG (IP) ,IP,0.,0.,

0.,
IEGG,IPATEGG(IP),IHATCH(IP),IATREGG(IP),
0,0)

on of shift for infected insects.

CAR (4, ITASK,DELT, IBATINI, 4, DVRBATCHI,
CVBATCHI, CDSBATCHI, 0.,
IBATCHI, ITOTBATI, IBATOUTI, IATRBATI)
CAR (5, ITASK, DELT, IMLTMALI, 2, DVRMALT,
CVMALI, CDSMALI, RATRMAL,
IMALI, ITOTMALI, IDRMALI, IATRMALI)
CAR (6, ITASK,DELT, IMLTFEMI, 2, DVRFEMI,
CVFEMI, CDSFEMI, RATRFEM,
IFEMI, ITOTFEMI, IDRFEMI, IATRFEMI)

SEXRAT, RATRPUP,
IPUPI, ITOTPUPI, IMLTMALI, IMLTFEMI, IATRPUPI)

= IPATLOW, IPATCUM
IBOXPTIS (ITASK, DELT, IRL5SHTSAR, IRLSRHTSAR,
IRL5SSSAR, IRLS5RSSAR,
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CALL

CALL

CALL

CALL

CALL

CALL

CONTINUE

4,DVRL5IS, CVLSIS, CDSL5IS (IP), IP, RATRLS,
IL5TS, ITIL5S (IP), IMLTPUPI (IP), IATRLSIS (IP))
IBOXPTI (1, ITASK, DELT, IRL5SHTD (IP) + IRLSRHTD (IP) +
IRL5SSD (IP) +IRL5RSD (IP),
4,DVRL5ID, CVL5ID, CDSL5ID (IP) , IP, RATRLS,
IL5SID, ITIL5D (IP), IDRLSID (IP))
IBOXPTI (2, ITASK, DELT, IRLASHT (IP) + IRLARHT (IP) +
IRLASS (IP) +IRLARS (IP) ,
4,DVRLAT, CVLAI,CDSLAI (IP), IP, RATRL4,
IL4T, IPATLAI (IP), IDRLAI (IP))
IBOXPTI (3, ITASK, DELT, IRL3SHT (IP) + IRL3RHT (IP) +
IRL3SS (IP) +IRL3RS (IP),
4,DVRL3I,CVL3I,CDSL3I (IP), IP, RATRL3,
IL3I,IPATL3I(IP),IDRL3I (IP)) ,
TBOXPTI (4, ITASK, DELT, IRL2HT (IP) +IRL2S (IP) , |
4,DVRL2I, CVL2I,CDSL2I (IP), IP, RATRL2,
IL2I, IPATL2I (IP), IDRL2I (IP)) ?
IBOXPTI (5, ITASK, DELT, THATCHI (IP) +IRL1HT (IP) |
+IRL1S (IP),
4,DVRL1I,CVL1I,CDSLLI (IP),IP,RATRLI,
IL1I, IPATL1I (IP),IDRLLI (IP))
IBOXPTI (6, ITASK, DELT, 0,
4,DVREGGI, CVEGGI, CDSEGCI (IP), IP,0.,
IEGGI, IPATEGGI (IP) , THATCHI (IP))

Calculation of insect population totals
CALL ACCOUNT(IPATCUM,IPATEGG,IPATLl,IPATLZ,IPATLBS,IPATL3R,

IPATL4S, IPATL4R, IPATL5S, IPATLS5R, IPATEGGT, IPATL1I,

IPATL2I,IPATL3I,IPATL4I,ITIL5S,ITIL5D, ITOTPUP,

ITOTMAL, ITOTFEM, ITOTPUPI, ITOTMALI, ITOTFEMI,
IPATLOW)

CALL OUTDAT (2,20, '"IPATCH', REAL (IPATCUM-IPATLOW+1))

ENDIF

Calculation of SEDEV state variables

IF (ITASK.EQ.

5) THEN

Calculation of state variables of uninfected insects.

Development of adult moths and pupae is simulated at the greenhouse

level

Inflight

of fertilized female moths from outside the greenhouse

that deposit egg batches in the crop

DO 110 IN

= 1,50

IF (ABS(TBATINFL(IN)-TIME).LE. (0.5*DELT)) THEN

CONTINUE

TBATINFL(IN) = 0.
IBATCH(0) = IBATCH(O)+INBATINFL
ENDIF
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CALL IBOXCAR(1l, ITASK,DELT, IBATIN, 4,DVRBATCH,

CVBATCH, CDSBATCH, 0.,
IBATCH, ITOTBAT, IBATOUT, IATRBAT)

CALL IBOXCAR (2, ITASK,DELT, IMLTMAL, 2, DVRMAL,

CVMAL, CDSMAL, RATRMAL,
IMAL, ITOTMAL, IDRMAL, TATRMAL)

CALL IBOXCAR(3,ITASK,DELT, IMLTFEM, 2,DVRFEM,

CVFEM, CDSFEM, RATRFEM,
IFEM, ITOTFEM, IDRFEM, IATRFEM)

CALL IBOXPUP (1, ITASK,DELT, IMOULTP, 4,DVRPUP, CVPUP, CDSPUP,

SEXRAT, RATRPUP,
IPUP, ITOTPUP, IMLTMAL, IMLTFEM, IATRPUP)

Development of eggs and larvae is simulated per patch

DO 120 IP

CALL

CALL

CALL

CALL

CALL

CALL

CALL

= IPATLOW, IPATCUM
IBOXPATLS5 (1, ITASK, DELT, IMLTL5S (IP) , 4,DVRL5, CVL5,
CDSL5S (IP),IP,RATRL5,RIRLSHT (IP),
RIRLSSS (IP) ,FINFL5S,
IL5S, IPATL5S (IP) , IMLTPUPS (IP), IATRL5S (IP),
IRLSSHTS (IP), IRLSSHTD (IP), IRL5SSS (IP),
IRLSSSD(IP),IRLSSHTSAR,IRLESSSAR)
IBOXPATLS (2, ITASK, DELT, IMLTL5R (IP) , 4, DVRL5, CVL5,
CDSLSR (IP) , IP,RATRLS, RIRL5SHT (IP),
RIRLSRS (IP),FINFL5S,
IL5R, IPATLSR (IP) , IMLTPUPR (IP) , IATRL5R (IP),
IRLSRHTS (IP) , IRLSRHTD (IP) , IRL5RSS (IP),
IRL5SRSD (IP), IRLSRHTSAR, IRL5RSSAR)

IBOXPAT (1, ITASK,DELT, IMLTL4S (IP) ,4,DVRL4, CVL4,
CDSL4S (IP), IP,RATRL4, RIRL4HT (IP),

RIRL4SS (IP),
IL4S,IPATL4S (IP), IMLTL5S (IP), IATRL4S (IP),
IRL4ASHT (IP) , IRL4SS (IP))

IBOXPAT (2, ITASK, DELT, IMLTLA4R (IP) ,4,DVRL4, CVL4,

CDSL4R (IP) , IP,RATRL4, RIRL4AHT (IP),

RIRL4RS (IP),

IL4R, IPATL4R (IP) , IMLTLSR (IP) , IATRL4R (IP),
IRLARHT (IP) , IRL4RS (IP))

IBOXPAT (3, ITASK,DELT, IMLTL3S (IP), 4,DVRL3, CVL3,
CDSL3S (IP),IP,RATRL3,RIRL3HT (IP),
RIRL3SS(IP),

IL3S, IPATL3S (IP), IMLTL4S (IP), IATRL3S (IP),
IRL3SHT (IP), IRL3SS (IP))
IBOXPAT (4, ITASK,DELT, IMLTL3R (IP) , 4,DVRL3, CVL3,
CDSL3R(IP), IP,RATRL3,RIRL3HT (IP),
RIRL3RS (IP),
IL3R, IPATL3R (IP), IMLTL4R (IP) , IATRL3R (IP),
IRL3RHT (IP), IRL3RS (IP))
IBOXPATL2 (ITASK, DELT, IMLTL2 (IP),4,DVRL2, CVL2,
CDSL2 (IP),IP,RATRL2,RIRL2HT (IP),
RIRL2S(IP),
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S IL2, IPATL2 (IP),IMLTL3S(IP), IMLTL3R(IP),
IATRL2 (IP) , IRL2HT (IP), IRL2S(IP))
CALL IBOXPAT (5,ITASK,DELT, IHATCH(IP),4,DVRL1,CVL1,

r

S CDSL1(IP),IP,RATRL1,RIRLIHT(IP),
] RIRL1S(IP),
s IL1,IPATL1(IP),IMLTL2(IP),IATRL1(IP),
] IRL1HT (IP) , IRL1S(IP))
CALL IBOXPAT (6, ITASK,DELT, 0, 4,DVREGG, CVEGG,
3 CDSEGG(IP),IP,0.,0.,
$ 0.,
3 IEGG, IPATEGG (IP) , IHATCH(IP) , IATREGG(IP),
$ 0,0)
120 CONTINUE
* Calculation of state variables of infected insects.
* Development of adult moths and pupae is simulated at the greenhouse
* level
CALL IBOXCAR(4,ITASK,DELT,IBATINI, 4,DVRBATCHI,
$ CVBATCHI,CDSBATCHI, 0.,
$ IBATCHI, ITOTBATI, IBATOUTI, IATRBATI)
CALL IBOXCAR(5,ITASK,DELT, IMLTMALTI, 2,DVRMALT,
S CVMALI, CDSMALI, RATRMAL,
$ IMALI, ITOTMALI, IDRMALI, IATRMALT)
CALL IBOXCAR(6,ITASK,DELT, IMLTFEMI, 2,DVRFEMI,
IS CVFEMI, CDSFEMI, RATRFEM,
$ IFEMI, ITOTFEMI, IDRFEMI, IATRFEMI)
CALL IBOXPUP (2, ITASK,DELT, IMOULTPI, 4,DVRPUPI, CVPUPI, CDSPUPI,
S SEXRAT, RATRPUP,
S IPUPI, ITOTPUPI, IMLTMALI, IMLTFEMI, IATRPUPI)
* Development of contaminated eggs and larvae is simulated per patch
DO 130 IP = IPATLOW, IPATCUM
CALL IBOXPTIS(ITASK,DELT, IRL5SHTSAR, IRL5RHTSAR,
s IRL5SSSAR, IRL5RSSAR,
s 4,DVRL5IS,CVL5IS,CDSL5IS(IP),IP,RATRLS,
3 IL5IS,ITIL5S(IP), IMLTPUPI (IP), IATRL5IS(IP))
CALL IBOXPTI(1,ITASK,DELT, IRL5SHTD(IP)+IRL5SRHTD (IP)+
S IRL5SSD(IP)+IRL5RSD (IP),
S 4 ,DVRL5ID, CVL5ID, CDSL5ID(IP), IP,RATRLS5,
S ILSID,ITILSD(IP),IDRL5ID(IP))
CALL IBOXPTI (2, ITASK,DELT, IRLASHT (IP) +IRL4RHT (IP) +
s IRL4ASS (IP) +IRL4RS (IP),
s 4,DVRL4I,CVL4I,CDSL4I(IP),IP,RATRL4,
s IL4I,IPATL4I (IP),IDRL4AI(IP))
CALL IBOXPTI (3, ITASK,DELT, IRL3SHT (IP)+IRL3RHT (IP)+
3 IRL3SS(IP)+IRL3RS(IP),
] 4,DVRL3I,CVL3I,CDSL3I(IP),IP,RATRL3,
3 IL3I,IPATL3I(IP),IDRL3I(IP))

CALL IBOXPTI (4, ITASK,DELT, IRL2HT (IP)+IRL2S(IP),
S 4,DVRL2I,CVL2I,CDSL2I (IP),IP,RATRL2,
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3 IL2I,IPATL2I(IP),IDRL2I (IP))
CALL IBOXPTI (5, ITASK,DELT, IHATCHI (IP) +IRL1HT (IP)
3 +IRL1S(IP),
S 4,DVRL1I,CVL1I,CDSL1I (IP),IP,RATRL1,
S IL1I,IPATLII(IP),IDRL1I(IP))
CALL IBOXPTI (6, ITASK,DELT, 0,
s ' 4 ,DVREGGI, CVEGGI, CDSEGGI (IP),IP,0.,
S IEGGI, IPATEGGI (IP) , IHATCHI (IP))
130 CONTINUE
ENDIF
* Calculation of shift for SEDEV variables

IF (ITASK.EQ.6) THEN
* All larvae are removed from bed that is harvested
IF (IHARV.GT.0) THEN
DO 150 IP = IPATLOW,IPATCUM
IF (IPATDAT(1,IP).EQ.IHARV) THEN
DO 140 IR = 0,4
IEGG(IP,IR) = 0
IL1(IP,IR)
IL2(IP,IR)
IL3S(IP,IR) = O
IL3R(IP,IR) = 0O
IL4S(IP,IR) = O
0
0
0

It
o o

IL4R(IP,IR) =
IL5S(IP,IR) =
IL5SR(IP,IR) =
IEGGI(IP,IR) = 0
IL1I(IP,IR) = O
IL2I(IP,IR) = O
IL3I(IP,IR) = 0
IL4I(IP,IR) = 0
IL5ID(IP, IR)

IL5IS(IP,IR) = O
140 CONTINUE
ENDIF
150 CONTINUE
ENDIF
* patch integral is raised with number of new patches

IPATCUM = IPATCUM + IBATOUT + IBATOUTI
* The program is terminated if actual number of patches exceeds
* maximal number of patches

IF (IPATCUM.GE.IPMAX) STOP'Maximum number of patches reached!’

* Determination of egg batch size and fraction of infected
* eggs in contaminated egg batch.
IF (IBATOUT.GT.0.OR.IBATOUTI.GT.0) THEN
CALL DEPOSIT (IBATOUT, IBATOUTI, FX,X, ICBATSIZE,
$ IPATCUM, FCBATS, FCBATL, FCEGGS, FCEGGL, ISTOCH,
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$ IEGG, IEGGI)
ENDIF
* Calculation of shift for uninfected insects.
* Development of adult moths and pupae is simulated at the greenhouse
* level
CALL IBOXCAR(1l,ITASK,DELT, IBATIN, 4,DVRBATCH,
$ CVBATCH, CDSBATCH, 0.,
$ IBATCH, ITOTBAT, IBATOUT, IATRBAT)
CALL IBOXCAR(2,ITASK,DELT, IMLTMAL, 2,DVRMAL,
$ CVMAL, CDSMAL, RATRMAL,
$ IMAL, ITOTMAL, IDRMAL, IATRMAL)
CALL IBOXCAR(3,ITASK,DELT, IMLTFEM, 2,DVRFEM,
$ CVFEM, CDSFEM, RATRFEM,
S IFEM, ITOTFEM, IDRFEM, IATRFEM)
CALL IBOXPUP (1, ITASK,DELT, IMOULTP, 4,DVRPUP, CVPUP, CDSPUP,
S SEXRAT, RATRPUP,
S IPUP, ITOTPUP, IMLTMAL, IMLTFEM, IATRPUP)
* Development of eggs and larvae is simulated per patch

DO 160 IP = IPATLOW, IPATCUM
CALL IBOXPATLS5 (1, ITASK,DELT, IMLTL5S(IP),4,DVRL5,CVL5,

$ CDSL5S (IP),IP, RATRLS, RIRLSHT (IP),
$ RIRL5SS (IP),FINFL5S,
$ IL5S, IPATLSS (IP) , IMLTPUPS (IP) , IATRL5S (IP),
$ IRL5SHTS (IP) , IRLSSHTD (IP) , IRL5SSS (IP),
$ IRL5SSD (IP) , IRLSSHTSAR, IRL5SSSAR)

CALL IBOXPATLS (2, ITASK,DELT, IMLTL5R (IP) , 4,DVRL5, CVL5,
g CDSL5R (IP) , IP, RATRL5, RIRLSHT (IP),
$ RIRL5SRS (IP) , FINFLSS,
$ IL5R, IPATLSR (IP) , IMLTPUPR (IP) , IATRL5R (IP),
$ IRL5SRHTS (IP) , IRLSRHTD (IP) , IRLSRSS (IP),
$ IRL5RSD (IP) , IRLSRHTSAR, IRL5SRSSAR)

CALL IBOXPAT (1, ITASK,DELT, IMLTL4S (IP),4,DVRL4, CVL4,
$ CDSL4S (IP), IP,RATRL4,RIRL4HT (IP),
$ RIRL4SS (IP),
3 IL4S, IPATL4S (IP) , IMLTL5S (IP), IATRL4S (IP),
$ IRL4SHT (IP) , IRL4SS (IP))

CALL IBOXPAT (2, ITASK,DELT, IMLTL4R (IP),4,DVRL4,CVL4,
$ CDSL4R (IP), IP, RATRL4,RIRL4HT (IP),
$ RIRL4RS (IP),
$ IL4R, IPATLAR (IP) , IMLTL5R (IP) , IATRLAR (IP),
$ IRLARHT (IP) , IRL4RS (IP))

CALL IBOXPAT (3,ITASK,DELT, IMLTL3S (IP),4,DVRL3,CVL3,
$ CDSL3S (IP), IP,RATRL3,RIRL3HT (IP),
$ RIRL3SS(IP),
$ IL3S,IPATL3S (IP), IMLTL4S (IP), IATRL3S (IP),
$ IRL3SHT (IP), IRL3SS (IP))

CALL IBOXPAT (4,ITASK,DELT, IMLTL3R(IP),4,DVRL3,CVL3,
$ CDSL3R(IP),IP,RATRL3,RIRL3HT (IP),
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S RIRL3RS (IP),
s IL3R,IPATL3R(IP),IMLTL4R(IP),IATRL3R(IP),
s IRL3RHT (IP), IRL3RS (IP))
CALL IBOXPATL2 (ITASK,DELT, IMLTL2 (IP),4,DVRL2,CVL2,
3 CDSLZ(IP),IP,RATRLZ,RIRL2HT(IP),
S RIRL2S(IP),
S IL2,IPATL2(IP),IMLTLBS(IP),IMLTL3R(IP),
S IATRLZ(IP),IRLZHT(IP),IRLZS(IP))
CALL IBOXPAT(S,ITASK,DELT,IHATCH(IP),4,DVRL1,CVL1,
S CDSL1 (IP),IP,RATRLL,RIRLIHT(IP),
S RIRL1S(IP),
S ILl,IPATLl(IP),IMLTLZ(IP),IATRLl(IP),
s IRL1HT (IP), IRL1S(IP))
CALIL IBOXPAT (6, ITASK,DELT, 0,4, DVREGG, CVEGG,
S CDSEGG(IP),IP,0.,0.,
$ 0.,
s IEGG,IPATEGG(IP),IHATCH(IP),IATREGG(IP),
$ 0,0)
160 CONTINUE
* Calculation of shift for infected insects.
* Development of adult moths and pupae is simulated at the greenhouse
* level
CALL IBOXCAR (4,ITASK,DELT, IBATINI,4,DVRBATCHI,
s CVBATCHI, CDSBATCHI,O.,
3 IBATCHI,ITOTBATI,IBATOUTI,IATRBATI)
CALL IBOXCAR(5,ITASK,DELT, IMLTMALI,2,DVRMALI,
S CVMALI, CDSMALTI, RATRMAL,
3 IMALI,ITOTMALI,IDRMALI,IATRMALI)
CALL IBOXCAR (6, ITASK,DELT, IMLTFEMI, 2, DVRFEMI,
s CVFEMI, CDSFEMI, RATRFEM,
S IFEMI,ITOTFEMI,IDRFEMI,IATRFEMI)
CALL IBOXPUP(2,ITASK,DELT,IMOULTPI,4,DVRPUPI,CVPUPI,CDSPUPI,
s SEXRAT, RATRPUP,
3 IPUPI,ITOTPUPI,IMLTMALI,IMLTFEMI,IATRPUPI)
* Development of contaminated eggs and larvae is simulated per patch
DO 170 IP = IPATLOW, IPATCUM
CALIL IBOXPTIS (ITASK,DELT, IRL5SHTSAR, IRLSRHTSAR,
$ IRL.5SSSAR, IRL5RSSAR,
s 4,DVRLSIS,CVL5IS,CDSLSIS(IP),IP,RATRLS,
S ILSIS,ITILSS(IP),IMLTPUPI(IP),IATRL5IS(IP))
CALL IBOXPTI(l,ITASK,DELT,IRLSSHTD(IP)+IRL5RHTD(IP)+
3 IRL5SSD (IP) +IRLSRSD(IP),
s 4,DVRL51D,CVLSID,CDSLSID(IP),IP,RATRLS,
s ILSID,ITILSD(IP),IDRLSID(IP))
CALL IBOXPTI(2,ITASK,DELT,IRL4SHT(IP)+IRL4RHT(IP)+
S IRL4SS (IP) +IRL4RS (IP), .
S 4,DVRL4I,CVL4I,CDSL4I (IP),IP,RATRL4,

S IL4TI,IPATLA4I (IP),IDRL4I(IP))
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CALL IBOXPTI(3,ITASK,DELT, IRL3SHT (IP)+IRL3RHT (IP) +

S IRL3SS(IP)+IRL3RS(IP),
S 4,DVRIL3I,CVL3I,CDSL3I (IP),IP,RATRL3,
S IL3I,IPATL3I(IP),IDRL3I(IP))

CALL IBOXPTI (4, ITASK,DELT, IRL2HT (IP) +IRL2S (IP),
S 4,DVRL2I,CVL2I,CDSL2I (IP),IP,RATRL2,
$ IL2I,IPATL2I(IP),IDRL2I(IP))

CALL IBOXPTI (5, ITASK,DELT, IHATCHI (IP)+IRL1HT (IP)
$ +IRL1S(IP),
S 4,DVRL1I,CVL1I,CDSL1I (IP),IP,RATRLL,
S IL1I,IPATL1I(IP),IDRL1I (IP))

CALL IBOXPTI (6, ITASK,DELT,O0,
S 4,DVREGGI, CVEGGI, CDSEGGI (IP), IP,O0.,
s IEGGI, IPATEGGI (IP) , IHATCHI (IP))

170 CONTINUE

ENDIF
RETURN

END




1 -57

SUBROUTINE INITIM *

*
Purpose: Initialization of time variables. *

*
FORMAL PARAMETERS: (I=input,O=output,C=control,IN:init,T:time) *
name type meaning (unit) class *
- - B e e e e *
ITASK I4 Task that subroutine should perform (-) I *
TIME R4 Time (d) o *
DELT R4 Time step (d) o *
FINTIM R4 Time when simulation is terminated (d) o *

Fatal error checks: none
warnings: none
Subroutines called:
from TTUTIL: RDINIT, RDSREA *
File usage: INCON.DAT *
SUBROUTINE INITIM(ITASK,
S TIME,DELT, FINTIM)

Initialization of INITIM variables
IF (ITASK.EQ.1l) THEN
Read initial conditions
CALIL RDINIT (30,40, 'INCON.DAT')
CALL RDSREA ('DELT',DELT)
CALL RDSREA ('FINTIM',FINTIM)
TIME = 0.
ENDIF

RETURN
END




SUBROUTINE IBOXPAT

Purpose: Simulation of development, infection and attrition of

uninfected insects in patches.

FORMAL PARAMETERS: (I=input, O=output, C=control, IN=init, T=time)

name type meaning (unit) class

ICOUNT 1I4 Counter for boxcar train number (-) I
ITASK I4 Task that subroutine should perform (-) I
DELT R4 Time step (d) I
IAIN I4 Number of individuals flowing in boxcar train (#) I
IN I4 Number of boxcars per boxcar train (#) I
DVR R4 Development rate (d-1) I
cv R4 Coefficient of variation (-) I
CDS R4 Cyclic development stage (-) I
IP I4 Pointer for patch number (-) I
RATR R4 Relative attrition rate (d-1) I
RINFRHT R4 Relative infection rate by horizontal transmission

(d-1) I
RINFRS R4 Relative infection rate by ingestion of sprayed

polyhedra (d-1) I
IA I4 DNumber of individuals in boxcar (#) o]
IATOT I4 Number of individuals in boxcar train (#) ¢}
IOUTFL 1I4 Outflow difference of individuals from final boxcar

per timestep (#) 0
IATR I4 Attrition difference of individuals in boxcar train

per timestep (#) 0]
INFRHT 1I4 Infection difference by horizontal transmission of

larvae per boxcar train per timestep (#) o]
INFRS I4 Infection difference by ingestion of sprayed

polyhedra of individuals per boxcar train per

timestep (#) 0

Fatal error checks: DVR*DELT > F/IN
warnings: IA < 0
Subroutines or functions called:
own: IROUND, DRWMORT
File usage: none
SUBROUTINE IBOXPAT (ICOUNT, ITASK,DELT, IAIN, IN,DVR, CV, CDS,
IP,RATR,RINFRHT, RINFRS,
S IA,IATOT, IOUTFL, IATR, INFRHT, INFRS)

PARAMETER (IPMAX = 200)

INTEGER IN,IK, IP,IA,IOUTFL, IAIN, IRA,ICOUNT, ITASK, IATOT,
$ IATR, INFRHT, IR, INTINFHT, INTATR, IATRRED,
S INFRREDHT, INFRREDS, INFRS

REAL F,OUTFL, RA, CDS, RINFRHT, RINFRS, REALINFHT,
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S REALATR, REALINFS, CV

DIMENSION IRA (IPMAX,0:4),IA(IPMAX,0:4),RA(IPMAX,0:4),
S IATRRED (6, IPMAX, 0:4) , INFRREDHT (6, IPMAX, 0:4) ,
S INFRREDS (6, IPMAX, 0:4) ,REALINFHT (0:4) ,

S REALINFS(0:4) ,REALATR(0:4)

SAVE

Calculation of IBOXPAT rate variables
IF (ITASK.EQ.3) THEN
Calculation of infection and attrition differences of larvae
DO 10 IK = 0,IN
REALINFHT (IK) = RINFRHT*DELT*IA(IP,IK)
INTINFHT = IROUND (REALINFHT (IK))
INFRREDHT (ICOUNT, IP, IK) = INTINFHT

REALINFS (IK) = RINFRS*DELT*IA(IP,IK)
INTINFS = IROUND (REALINFS (IK))
INFRREDS (ICOUNT, IP, IK) = INTINFS

REALATR (IK) = RATR*DELT*IA(IP,IK)

INTATR = IROUND (REALATR (IK))

IATRRED (ICOUNT, IP, IK) = INTATR
CONTINUE

Mortality in boxcar cannot be higher as boxcar contents
DO 20 IK = 0,IN ‘
IF ((IATRRED (ICOUNT, IP,IK) + INFRREDHT (ICOUNT, IP, IK) +
S INFRREDS (ICOUNT, IP, IK)).GT.IA(IP,IK)) THEN

Drawing of process responsible for death of larvae
CALL DRWMORT(IA(IP,IK),REALATR(IK),REALINFS(IK),

$ REALINFHT (IK) ,
$ TIATRRED (ICOUNT, IP, IK) , INFRREDS (ICOUNT, IP, IK),
$ INFRREDHT (ICOUNT, IP, IK))
ENDIF
CONTINUE

Calculation of number of larvae that become infected or die
by attrition
IATR = 0
INFRHT = O
INFRS = O
DO 30 IK = 0,IN
IATR = IATR + IATRRED (ICOUNT, IP, IK)
INFRHT = INFRHT + INFRREDHT (ICOUNT, IP, IK)
INFRS = INFRS + INFRREDS (ICOUNT, IP, IK)
CONTINUE

Calculation of outflow in final boxcar
OUTFL = MIN({( (DVR*IA(IP,IN)/(1./IN—CDS)),
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$ (IA(IP,IN)/DELT)) * DELT - IATRRED(ICOUNT,IP,IN) -
$ INFRREDHT (ICOUNT, IP, IN) - INFRREDS (ICOUNT, IP, IN)
IOUTFL = IROUND (OUTFL)

* When all individuals in final boxcar become infected or die
* by attrition, outflow is set to 0.
IF (IOUTFL.LT.0O) THEN
IOUTFL = O
ENDIF
ENDIF
* Output of IBOXPAT variables
IF (ITASK.EQ.4) THEN
* Total number in boxcar

IATOT = IA(IP,O0)
DO 70 IR = 1,IN
IATOT = IATOT + IA(IP,IR)

70 CONTINUE
ENDIF
* Calculation of IBOXPAT state variables

IF (ITASK.EQ.5) THEN
* Cyclic development stage integral
CDS = CDS + DELT*DVR

* Calculation of new states in boxcars
IA(IP,0) = IA(IP,0) + IAIN - INFRREDHT (ICOUNT,IP,0) -
3 IATRRED (ICOUNT, IP,0) - INFRREDS (ICOUNT, IP,0)
DO 40 IK = 1,IN-1
IA(IP,IK) = IA(IP,IK) - INFRREDHT (ICOUNT,IP,IK) -
S IATRRED (ICOUNT, IP, IK) - INFRREDS (ICOUNT, IP, IK)
40 CONTINUE
* Calculation of new state in final boxcar. The contents of this boxcar
* is reduced with the outflow that takes place in the timestep.
IA(IP,IN) = IA(IP,IN) - IOUTFL - INFRREDHT (ICOUNT, IP,IN) -
S IATRRED (ICOUNT, IP, IN) - INFRREDS (ICOUNT, IP, IN)
* Check for negative boxcar contents
IF (IA(IP,0).LT.0.OR.IA(IP,1).LT.0.0R.IA(IP,2).LT.0.0OR.
S IA(IP,3) .LT.0.0R.IA(IP,4).LT.0.) THEN
WRITE (*,50)
50 FORMAT (' IBOXPAT content negative!!')
ENDIF
ENDIF
* Calculation of shift for IBOXPAT variables
IF (ITASK.EQ.6) THEN
* Calculation of F

F = 1. - IN*CV*CV
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Check on parameter values
IF (DVR*DELT.GE.F/IN) THEN
STOP'DVR*DELT.GE.F/IN!"'

ENDIF

The shift takes place immediatly after the new states have been

calculated. The contents of the different boxcars are shifted.

IF (CDS.GE.F/IN) THEN

RA(IP, IN)

= F*IA(IP,IN-1)

IRA(IP,IN) = IROUND (RA (IP, IN))

IA(IP,IN) = IA(IP,IN)

DO 60 IR = IN-1,2,-1

RA(IP,IR)

= F*IA(IP,IR-1)

+ IRA(IP,IN)

IRA(IP,IR) = IROUND (RA (IP, IR))

IA(IP,IR) = IA(IP,IR)

CONTINUE

IRA(IP,1) = IA(IP,0)
IA(IP,1) = IA(IP,1)

- IRA(IP,2)

- IRA(IP,IR+1) + IRA(IP,IR)

+ IRA(IP,1)

The contents of the inflow boxcar is set to zero

IA(IP,0) = 0

cyclic development stage is updated after shift

CDS
ENDIF
ENDIF
RETURN

END

CDs - F/IN

Il -61



SUBROUTINE IBOXPATL2

Purpose: Simulation of development, infection and attrition of

uninfected L2 larvae in patches.

FORMAL PARAMETERS: (I=input, O=output, C=control, IN=init, T=time)

name type meaning (unit) class

ITASK I4 Task that subroutine should perform (-) I
DELT R4 Time step (d) T
IAIN I4 Number of individuals flowing in boxcar train (#) I
IN I4 Number of boxcars per boxcar train (#) I
DVR R4 Development rate (d-1) I
cv R4 Coefficient of variation (-) I
CDS R4 Cyclic development stage (-) I
Ip I4 Pointer for patch number (-) I
RATR R4 Relative attrition rate (d-1) I
RINFRHT R4 Relative infection rate by horizontal transmission

(a-1) I
RINFRS R4 Relative infection rate by ingestion of sprayed

polyhedra (d-1) I
IAa I4 Number of individuals in boxcar (#) o
IATOT I4 ©Number of individuals in boxcar train (#) o
IOUTFLS I4 Outflow difference of susceptible individuals from

final boxcar per timestep (#) o)
IOUTFLR I4 Outflow difference of resistant individuals from

final boxcar per timestep (#) 0]
IATR I4 Attrition difference of individuals in boxcar train

per timestep (#) o]
INFRHT I4 Infection difference by horizontal transmission of

larvae per boxcar train per timestep (#) o
INFRS I4 1Infection difference by ingestion of sprayed

polyhedra of individuals per boxcar train per

timestep (#) 0

Fatal error checks: DVR*DELT > F/IN

warnings: IA < O

Subroutines or functions called:

own: IROUND, DRWMORT

File usage: none
SUBROUTINE IBOXPATL2 (ITASK,DELT, IAIN, IN,DVR, CV, CDS,

IP,RATR,RINFRHT, RINFRS,

IS IA, IATOT, IOUTFLS, IOUTFLR, IATR, INFRHT,
$ INFRS)

PARAMETER (IPMAX = 200)
INTEGER IN, IK, IP, IA, IOUTFLS, IOUTFLR, IAIN, IRA, ITASK, IATOT,
S IATR, INFRHT, IR, INTINFHT, INTATR, IATRRED,
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INFRREDHT, INFRREDS, INFRS
REAL F,RA,CDS,RINFRHT,RINFRS,REALINFHT,
REALATR, REALINFS, CV
DIMENSION IRA(IPMAX,O:4),IA(IPMAX,0:4),RA(IPMAX,O:4),

IATRRED(IPMAX,O:4),INFRREDHT(IPMAX,O:4),
INFRREDS(IPMAX,O:4),REALINFHT(O:4),REALINFS(O:4),
REALATR (0: 4)

SAVE

Calculation of IBOXPAT rate variables
IF (ITASK.EQ.3) THEN
Calculation of infection and attrition differences of larvae
DO 10 IK = 0,1IN
REALINFHT (IK) = RINFRHT*DELT*IA (IP, IK)
INTINFHT = TROUND (REALINFHT (IK))

INFRREDHT (IP, IK) = INTINFHT
REALINFS (IK) = RINFRS*DELT*IA(IP,IK)
INTINFS = IROUND (REALINFS (IK))
INFRREDS (IP, IK) = INTINFS
REALATR (IK) = RATR*DELT*IA(IP,IK)
INTATR = IROUND (REALATR (IK))
IATRRED (IP,IK) = INTATR

CONTINUE

Mortality in boxcar cannot be higher as boxcar contents
DO 20 IK = 0,IN
IF ((IATRRED(IP,IK) + INFRREDHT (IP, IK) +
INFRREDS(IP,IK)).GT.IA(IP,IK)) THEN

Drawing of process responsible for death of larvae
CALL DRWMORT(IA(IP,IK),REALATR(IK),REALINFS(IK),

REALINFHT (IK),
IATRRED(IP,IK),INFRREDS(IP,IK),
INFRREDHT (IP, IK))
ENDIF
CONTINUE

Calculation of number of larvae that become infected or die
by attrition
IATR = O
INFRHT = O
INFRS = 0
DO 30 IK = 0,IN
IATR = IATR + IATRRED (IP, IK)
INFRHT = INFRHT + INFRREDHT (IP, IK)
INFRS = INFRS + INFRREDS (IP, IK)
CONTINUE
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70

40

Calculation of outflow in final boxcar

OUTFL = MIN( (DVR*IA(IP,IN)/(1./IN-CDS)),
(IA(IP, IN)/DELT)) * DELT - IATRRED(IP, IN) -
INFRREDHT (IP, IN) - INFRREDS(IP,IN)

IOUTFL = IROUND (OUTFL)

When all individuals in final boxcar become infected or die
by attrition, outflow is set to 0.
IF (IOUTFL.LT.0) THEN
IOUTFL = 0
ENDIF

Second instar larvae that turn third instar larvae are divided
in a susceptible and resistant population
IOUTFLS = IROUND (0.5*IOQUTFL)
IOUTFLR = IOUTFL - IOQUTFLS
ENDIF

|

Output of IBOXPAT variables
IF (ITASK.EQ.4) THEN
Total number in boxcar
IATOT = IA(IP,0)
DO 70 IR = 1,IN
IATOT = IATOT + IA(IP,IR)
CONTINUE
ENDIF

Calculation of IBOXPAT state variables
IF (ITASK.EQ.5) THEN
Cyclic development stage integral
CDS = CDS + DELT*DVR

Calculation of new states in boxcars
IA(IP,0) = IA(IP,0) + IAIN - INFRREDHT (IP,0) -

IATRRED (IP,0) - INFRREDS(IP,O0)
DO 40 IK = 1,IN-1
IA(IP,IK) = IA(IP,IK) - INFRREDHT(IP,IK) -

IATRRED (IP, IK) - INFRREDS(IP, IK)
CONTINUE

Calculation of new state in final boxcar. The contents of this boxcar

is reduced with the outflow that takes place in the timestep.

IA(IP,IN) = IA(IP,IN) - IOUTFLS - IOUTFLR - INFRREDHT (IP, IN) -
IATRRED (IP,IN) - INFRREDS(IP, IN)

Check for negative boxcar contents

IF (IA(IP,0).LT.0.OR.IA(IP,1).LT.0.0R.IA(IP,2).LT.0.0R.
IA(IP,3).LT.0.0R.IA(IP,4).LT.0.) THEN
WRITE (*,50)
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FORMAT (' IBOXPATL2 content negative!l')
ENDIF
ENDIF

Calculation of shift for IBOXPAT variables
IF (ITASK.EQ.6) THEN

Calculation of F

F = 1. - IN*CV*CV

Check on parameter values
IF (DVR*DELT.GE.F/IN) THEN

STOP'DVR*DELT.GE.F/IN!'
ENDIF

The shift takes place immediatly after the new states have been
calculated. The contents of the different boxcars are shifted.

IF (CDS.GE.F/IN) THEN

RA(IP,IN) = F*IA(IP,IN-1)
IRA(IP,IN) = IROUND (RA(IP,IN))
IA(IP,IN) = IA(IP,IN) + IRA(IP,IN)

DO 60 IR = IN-1,2,-1
RA(IP,IR) = F*IA(IP,IR-1)

IRA(IP,IR) = IROUND (RA(IP, IR))
IA(IP,IR) = IA(IP,IR) - IRA(IP,IR+1) + IRA(IP,IR)
CONTINUE

IRA(IP,1) = IA(IP,0)
IA(IP,1) = IA(IP,1) - IRA(IP,2) + IRA(IP,1)

The contents of the inflow boxcar is set to zero
IA(IP,0) = O

Cyclic development stage is updated after shift
CDS = CDS - F/IN
ENDIF
ENDIF

RETURN
END
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FUNCTION IROUND

Purpose: Stochastic rounding of real values into integers,

FORMAL PARAMETERS: (I=input, O=output, C=control, IN=init, T=time)

name type meaning (unit) class
IROUND I4 Stochasticcally rounded real value into integer (-) o)
VALUE R4 Help variable for stochastic rounding (-) I

Fatal error checks: none
warnings: none
Subroutines called: none
File usage: none

FUNCTION IROUND (VALUE)
INTEGER IROUND

REAL VALUE

SAVE

IROUND = INT(VALUE + UNIFL{())

RETURN
END




* SUBROUTINE IBOXPUP

* purpose: Simulation of development and attrition of

* uninfected and infected pupae.

* FORMAL PARAMETERS: (I=input,o=output,C=control,IN=init,T=time)

* name type meaning (unit) class

*  — - —- e e m e —————— - —

* TCOUNT I4 Counter for boxcar train number (-)

* ITASK T4 Task that subroutine should perform (-)

* DELT R4 Time step (d)

* IAIN T4 Number of individuals flowing in boxcar train (#)
* IN T4 Number of boxcars per boxcar train (#)

* DVR R4 Development rate (d-1)

* CV R4 Coefficient of variation (-)

* CDS R4 Cyclic development stage (-)

* SEXRAT R4 Sexratio (-)

* RATR R4 Relative attrition rate (d-1)

* IA T4 Number of individuals in boxcar (#)

* IATOT 14 Number of individuals in boxcar train (#)

* JOUTFLMAL

* 14 oOutflow difference of pupea developing into male
* moths in final boxcar per timestep (#)

* TOUTFLFEM

* 14 oOutflow difference of pupea developing into female
* moths in final boxcar per timestep (#)

* IATR T4 Attrition difference of individuals in boxcar train
* per timestep (#)

* Fatal error checks: DVR*DELT > F/IN
* warnings: IA < O

* gubroutines or functions called:

* own: IROUND

* File usage: none

SUBROUTINE IBOXPUP(ICOUNT,ITASK,DELT,IAIN,IN,DVR,CV,CDS,
S SEXRAT, RATR,
S IA,IATOT,IOUTFLMAL,IOUTFLFEM,IATR)

PARAMETER (IPMAX = 200)

INTEGER 1IN, IK,IA,IOUTFL, IOUTFLMAL, IOUTFLFEM, IRA,
$ ICOUNT, ITASK, IAIN, IATOT, IATR, IR

REAL F,OUTFL, RA, CDS, SEXRAT, CV, RATR

DIMENSION IA(0:4),RA(0:4),IRA(0:4) , IATRRED (IPMAX, 0:4),
$ IOUTFL (2)

SAVE

* Calculation of rate variables
IF (ITASK.EQ.B) THEN

O O H H H H H H H H H H

I -67




il -68

10

50

20

Calculation of infection and attrition differences of larvae
IATR = 0
DO 10 IK = 0,IN
REALATR = RATR*DELT*IA (IK)
INTATR = IROUND (REALATR)
IATR = INTATR + IATR
IATRRED (ICOUNT, IK) = INTATR
CONTINUE

Calculation of outflow in final boxcar

OUTFL = MIN( (DVR*IA(IN)/(1./IN-CDS)),
(IA(IN)/DELT)) * DELT - IATRRED (ICOUNT, IN)

IOUTFL (ICOUNT) = IROUND (OUTFL)

When all individuals in final boxcar become infected or die
by attrition, outflow is set to 0.

IF (IOUTFL(ICOUNT).LT.0) IOUTFL(ICOUNT) = 0

Sexratio is fraction males

IOUTFLMAL = IROUND (SEXRAT*IOUTFL (ICOUNT) )
IOUTFLFEM = IOUTFL(ICOUNT) - IOUTFLMAL
ENDIF

Output of IBOXPUP variables
IF (ITASK.EQ.4) THEN
Total number in boxcar
IATOT = IA(0)
DO 50 IR = 1,1IN
IATOT = IATOT + IA(IR)
CONTINUE
ENDIF

Calculation of IBOXPUP state variables
IF (ITASK.EQ.5) THEN
Cyclic development stage integral
CDS = CDS + DELT*DVR

Calculation of new states in boxcars
IA(0) = IA(0) + IAIN - IATRRED (ICOUNT, 0)
DO 20 IK = 1,IN-1

IA(IK) = IA(IK) - IATRRED (ICOUNT, IK)
CONTINUE

Calculation of new state in final boxcar. The contents of this boxcar
is reduced with the outflow that takes place in the timestep.
IA(IN) = IA(IN) - IOUTFLFEM - IOUTFLMAL - IATRRED (ICOUNT, IN)

Check for negative boxcar contents
IF (IA(0).LT.0.O0R.IA(1).LT.0.OR.IA(2).LT.0.OR.
IA(3).LT.0.0R.IA(4).LT.0.) THEN
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WRITE (*,30)

30 FORMAT (' IBOXPUP content negative! ')
ENDIF
ENDIF
* calculation of shift for IBOXPUP variables
IF (ITASK.EQ.6) THEN
* Calculation of F
F = 1. - IN*CV*CV
* Check on parameter values

IF (DVR*DELT.GE.F/IN) THEN
STOP'DVR*DELT.GE.F/IN!'

ENDIF
* The shift takes place immediatly after the new states have been
* calculated. The contents of the different boxcars are shifted.

IF (CDS.GE.F/IN) THEN
RA(IN) = F*IA(IN-1)
IRA (IN) = IROUND (RA(IN))
TA(IN) = IA(IN) + IRA(IN)
DO 40 IR = IN-1,2,-1
RA(IR) = F*IA(IR-1)
IRA (IR) = IROUND(RA(IR))
IA(IR) = IA(IR) - IRA(IR+1) + IRA(IR)

40 CONTINUE
IRA(1) = IA(O)
IA(1) = IA(1) - IRA(2) + IRA(1)
* The contents of the inflow boxcar is set to zero
IA(0) = O
* Cyclic development stage is updated after shift
cDS = CDS - F/IN
ENDIF
ENDIF
RETURN

END



* SUBROUTINE IBOXCAR

* Purpose: Simulation of development and attrition

* of uninfected and infected adults and oviduct.

* FORMAL PARAMETERS: (I=input, O=output, C=control, IN=init, T=time)

* name type meaning (unit) class

kS, ———— e e e e e e

* ICOUNT 1I4 Counter for boxcar train number (-) I
* ITASK I4 Task that subroutine should perform (-) I
* DELT R4 Time step (d) I
* IAIN I4 DNumber of individuals flowing in boxcar train (#) I
* IN I4 Number of boxcars per boxcar train (#) I
* DVR R4 Development rate (d-1) I
* CV R4 Coefficient of variation (-) I
* CDS R4 Cyclic development stage (-) I
* RATR R4 Relative attrition rate (d-1) I
* IA I4 Number of individuals in boxcar (#) o]
* IATOT I4 DNumber of individuals in boxcar train (#) ¢
* IOUTFL 1I4 Outflow difference of individuals from final boxcar

* per timestep (#) 0
* IATR I4 Attrition difference of individuals in boxcar train

* per timestep (i#) 0

* Fatal error checks: DVR*DELT > F/IN
* warnings: IA < 0

* Subroutines or functions called:

* own: IROUND

* File usage: none

SUBROUTINE IBOXCAR (ICOUNT, ITASK,DELT, IAIN, IN,DVR, CV, CDS,
$ RATR,
$ IA, IATOT, IOUTFL, IATR)

PARAMETER (IPMAX = 200)
INTEGER IN, IK, IA, IOUTFL, IAIN, IRA, ICOUNT, ITASK, IATOT,

S IATR, IR, IATRRED

REAL F,OUTFL,RA,CDS,CV

DIMENSION IRA(0:4),IA(0:4),RA(0:4),IATRRED (IPMAX,0:4)

SAVE
* Calculation of IBOXCAR rate variables

IF (ITASK.EQ.3) THEN
* Calculation of attrition rates of adults and oviduct
IATR = O

DO 10 IK = 0,IN
REALATR = RATR*DELT*IA (IK)
INTATR = IROUND(REALATR)
IATR = INTATR + IATR
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IATRRED (ICOUNT, IK) = INTATR
CONTINUE

Calculation of outflow in final boxcar
OUTFL = MIN( (DVR*IA(IN)/(l1./IN-CDS)),

(IA(IN) /DELT)) * DELT - IATRRED (ICOUNT, IN)
IOUTFL = IROUND (OUTFL)

When all individuals in final boxcar become infected or die
by attrition, outflow is set to 0.
IF (IOUTFL.LT.0) THEN
IOUTFL = 0
ENDIF
ENDIF

Output of IBOXCAR variables
IF (ITASK.EQ.4) THEN
Total number in boxcar
IATOT = IA(O)
DO 50 IR = 1,IN
IATOT = IATOT + IA(IR)
CONTINUE
ENDIF

Calculation of IBOXCAR state variables
IF (ITASK.EQ.5) THEN
Cyclic development stage integral
CDS = CDS + DELT*DVR

Calculation of new states in boxcars
IA(0) = IA(0) + IAIN - IATRRED(ICOUNT, 0)
DO 20 IK = 1,IN-1

IA(IK) = IA(IK) - IATRRED(ICOUNT, IK)
CONTINUE

Calculation of new state in final boxcar. The contents of this boxcar
is reduced with the outflow that takes place in the timestep.
IA(IN) = IA(IN) - IOUTFL - IATRRED (ICOUNT, IN)

Check for negative boxcar contents
IF (IA(0).LT.0.OR.IA(1).LT.0.OR.IA(2).LT.0.OR.
IA(3) .LT.0.0R.IA(4).LT.0.) THEN
WRITE (*,30)
FORMAT (' IBOXCAR content negative!')
ENDIF
ENDIF

Calculation of shift for IBOXCAR variables
IF (ITASK.EQ.6) THEN
Calculation of F
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F = 1. - IN*CV*CV

* Check on parameter values
IF (DVR*DELT.GE.F/IN) THEN
STOP'DVR*DELT.GE.F/IN!"'
ENDIF

* The shift takes place immediatly after the new states have been
* calculated. The contents of the different boxcars are shifted.
IF (CDS.GE.F/IN) THEN
RA(IN) = F*IA(IN-1)
IRA(IN) = IROUND (RA(IN))
IA(IN) = IA(IN) + IRA(IN)
DO 40 IR = IN-1,2,-1
RA(IR) = F*IA(IR-1)
IRA(IR) = IROUND(RA(IR))
IA(IR) = IA(IR) - IRA(IR+1l) + IRA(IR)
40 CONTINUE

IRA(1) = IA(0)
IA(1) = IA(1) - IRA(2) + IRA(1)

* The contents of the inflow boxcar is set to zero
IA(0) = 0

* Cyclic development stage is updated after shift
CDS = CDS - F/IN
ENDIF
ENDIF

RETURN
END
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K e e e e e e — —— — - - — S S — T *
* SUBROUTINE IBOXPTI *
* *
* purpose: Simulation of development, attrition and mortality *
* of infected insects in patches. *
* *
+ FORMAL PARAMETERS: (I=input,O=output,C=control,IN:init,T:time) *
* name type meaning (unit) class *

K e g S

* TCOUNT I4 Counter for boxcar train number (-) I *
* ITASK I4 Task that subroutine should perform (-) I *
* DELT R4 Time step (d) I *
* TAIN T4 Number of individuals flowing in boxcar train (#) I *
* IN T4 Number of boxcars per boxcar train (#) I =
* DVR R4 Development rate (d-1) I =
* CV R4 Coefficient of wvariation (-) I =+
* CDS R4 Cyclic development stage (-) I *
* IP I4 Pointer for patch number (-) I *
* RATR R4 Relative attrition rate (d-1) I *
* IA ~I4 Number of individuals in boxcar (i) o *
* IATOT T4 Number of individuals in boxcar train (#) o *

* TOUTFL 1I4 Outflow difference of individuals from final boxcar *
* per timestep (#) o *
* *
* Fatal error checks: DVR*DELT > F/IN *
* warnings: IA < O *
* Subroutines or functions called: *
* own: IROUND *
* File usage: none *
K e e e e e e e e e e e — e = = *

SUBROUTINE IBOXPTI (ICOUNT, ITASK,DELT, IAIN, IN,DVR,CV,CDS, IP, RATR,
s IA,IATOT, IOUTFL)

PARAMETER (IPMAX = 200)

INTEGER IN,IP,IA,IOUTFL, IRA, ITASK, IAIN, IATOT, IR, IK,
$ IATRRED, INTATR

REAL F,OUTFL, RA, CDS, CV, REALATR

DIMENSION IRA(IPMAX,0:4),IA(IPMAX,0:4),RA(IPMAX,0:4),
$ IATRRED (6, IPMAX, 0:4) ,REALATR(0:4)

SAVE

* Calculation of IBOXPTI rate variables

IF (ITASK.EQ.3) THEN

* Calculation of attrition rates of infected larvae
DO 10 IK = 0,IN
REALATR (IK) = RATR*DELT*IA(IP,IK)
INTATR = IROUND (REALATR (IK))
IATRRED (ICOUNT, IP, IK) = INTATR
10 CONTINUE
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* Calculation of outflow in final boxcar
OUTFL = MIN( (DVR*IA(IP,IN)/(1./IN—CDS)),
s (Ia(IP,IN) /DELT)) * DELT - IATRRED (ICOUNT, IP, IN)

IOUTFL = IROUND (OUTFL)

* When all individuals in final boxcar become infected or die
* by attrition, outflow is set to 0.
IF (IOUTFL.LT.0) THEN
IOUTFL = 0
ENDIF
ENDIF
* Output of IBOXPTI variables
IF (ITASK.EQ.4) THEN
* Total number in boxcar

IATOT = IA(IP,O0)
DO 50 IR = 1,IN
IATOT = IATOT + IA(IP,IR)

50 CONTINUE
ENDIF

* Calculation of IBOXPTI state variables
IF (ITASK.EQ.5) THEN

* Cyclic development stage integral

CDS = CDS + DELT*DVR

* Calculation of new states in boxcars
IA(IP,0) IA(IP,0) + IAIN - IATRRED (ICOUNT, IP, 0)

Il

DO 20 IK = 1,IN-1

IA(IP,IK) = IA(IP,IK) - IATRRED (ICOUNT, IP, IK)
20 CONTINUE
* Calculation of new state in final boxcar. The contents of this boxcar
* is reduced with the outflow that takes place in the timestep.
* Check for negative boxcar contents.
IA(IP,IN) = IA(IP,IN) - IOUTFL - IATRRED (ICOUNT, IP, IN)
IF (IA(IP,O).LT.0.0R.IA(IP,l).LT.0.0R.IA(IP,Z).LT.0.0R.
$ IA(IP,3).LT.0.OR.IA(IP,4).LT.0.) THEN
WRITE (*,30) '
30 FORMAT (' IBOXPTI content negative!?')
ENDIF
ENDIF
* Calculation of shift for IBOXPTI variables
IF (ITASK.EQ.6) THEN
* Calculation of F

F = 1. - IN*CV*CV
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Check on parameter values
IF (DVR*DELT.GE.F/IN) THEN

STOP'DVR*DELT.GE.F/IN!'
ENDIF

The shift takes place immediatly after the new states have been
calculated. The contents of the different boxcars are shifted.
IF (CDS.GE.F/IN) THEN
RA(IP,IN) = F*IA(IP,IN-1)
IRA(IP,IN) = IROUND (RA (IP, IN))
IA(IP,IN) = IA(IP,IN) + IRA(IP, IN)
DO 40 IR = IN-1,2,-1
RA(IP,IR) = F*IA(IP,IR-1)
IRA(IP,IR) = IROUND (RA(IP, IR))

IA(IP,IR) = IA(IP,IR) - IRA(IP,IR+1) + IRA(IP,IR)
CONTINUE
IRA(IP,1) = IA(IP,0)
IA(IP,1) = IA(IP,1) - IRA(IP,2) + IRA(IP,1)

The contents of the inflow boxcar is set to zero

IA(IP,0) = O

Cyclic development stage is updated after shift
CDS = CDS - F/IN
ENDIF
ENDIF

RETURN
END




SUBROUTINE IBOXPATLS5

Purpose: Simulation of development, infection and attrition of
uninfected L5 larvae in patches. A fraction of the infected
L5 larvae will die due to virus infection (INFRHTD)
and the rest will develop in infected pupae (INFRHTS).

FORMAL PARAMETERS: (I=input, O=output, C=control, IN=init, T=time)

name type meaning (unit) class

ICOUNT T4 Counter for boxcar train number (-) I
ITASK I4 Task that subroutine should perform (-) I
DELT R4 Time step (4) I
IAIN I4 Number of individuals flowing in boxcar train (#) I
IN I4 Number of boxcars per boxcar train (#) I
DVR R4 Development rate (d-1) I
cv R4 Coefficient of variation (-) I
CDS R4 Cyclic development stage (-) I
Ip I4 Pointer for patch number (-) I
RATR R4 Relative attrition rate (d-1) I
RINFRHT R4 Relative infection rate by horizontal transmission

(d-1) I
RINFRS R4 Relative infection rate by ingestion of sprayed

polyhedra (d-1) I
FINFL5S R4 Fraction of infected L5 larvae that will become

sublethally infected (-) T
IA I4 Number of individuals in boxcar (#) o
IATOT I4 DNumber of individuals in boxcar train (#) o
IOUTFL I4 Outflow difference of individuals from final boxcar

per timestep (#) °
IATR I4 Attrition difference of individuals in boxcar train

per timestep (#) 0
INFRHTS I4 Infection difference by horizontal transmission of L5

larvae into sublethally infected L5 larvae in boxcar

train per timestep (#) ¢]
INFRHTD I4 Infection difference by horizontal transmission of

L5 larvae into lethally infected L5 larvae per

boxcar train per timestep (#) ¢]
INFRSS 1I4 Infection difference by ingestion of sprayed

polyhedra to sublethally infected L5 larvae in

boxcar train per timestep (#) o]
INFRSD 1I4 Infection difference by ingestion of sprayed

polyhedra to lethally infected L5 larvae in boxcar

train per timestep (#) 0

INFRREDHTS
I4 Infection difference by horizontal transmission of
L5 larvae into sublethally infected L5 larvae per

boxcar per timestep (#) 0




INFRREDSS

I4

Infection difference by ingestion of sprayed
polyhedra of sublethally infected L5 larvae per

boxcar per timestep (#) o]

Fatal error checks: DVR*DELT > F/IN

warnings:

IA < O

Subroutines or functions called:

owIl:

File

$
S
$

$

v W »nr 1 W

10

IROUND, DRWMORT
usage: none
SUBROUTINE IBOXPATLS (ICOUNT, ITASK,DELT, IAIN, IN,DVR, CV, CDS,
IP,RATR, RINFRHT, RINFRS, FINFL5S,
IA, IATOT, IOUTFL, IATR, INFRHTS, INFRHTD,
INFRSS, INFRSD, INFRREDHTS, INFRREDSS)

PARAMETER (IPMAX = 200)

INTEGER IN, IK, IA, IOUTFL, IAIN, IRA, ITASK, IP, IATOT, IATR,
IR,INTINFHT,INTATR,IATRRED,INFRREDHT,INFRREDS,
INFRREDHTD,INFRREDSD,INFRREDHTS,INFRREDSS,INFRHTS,
INFRHTD, INFRSD, INFRSS

REAL F,OUTFL,RA,CDS,RINFRHT,REALINFHT,REALATR,REALINFS,
RINFRS, CV, FINFL5S

DIMENSION IRA(IPMAX,0:4),IA(IPMAX,O:4),RA(IPMAX,O:4),
IATRRED(Z,IPMAX,O:4),INFRREDHT(Z,IPMAX,O:4),
INFRREDHTD (IPMAX, 0:4) , INFRREDHTS (IPMAX, 0:4) ,
INFRREDS(Z,IPMAX,O:4),INFRREDSD(IPMAX,O:4),
INFRREDSS (IPMAX, 0:4) ,REALINFHT (0:4) ,

REALINFS(0:4) ,REALATR (0:4)

SAVE

Calculation of IBOXPATLS rate variables

IF (ITASK.EQ.3) THEN

Calculation of infection and attrition differences of larvae

DO 10 IK = 0,IN
REALINFHT (IK) = RINFRHT*DELT*IA(IP,IK)
INTINFHT = IROUND (REALINFHT (IK)) )
INFRREDHT (ICOUNT, IP, IK) = INTINFHT
REALINFS (IK) = RINFRS*DELT*IA(IP,IK)
INTINFS = IROUND (REALINFS (IK))
INFRREDS (ICOUNT, IP,IK) = INTINFS
REALATR (IK) = RATR*DELT*IA(IP,IK)
INTATR = IROUND (REALATR (IK})
IATRRED (ICOUNT, IP,IK) = INTATR

CONTINUE
Mortality in boxcar cannot be higher as boxcar contents

DO

20 IK = 0,4
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20

30

IF ((IATRRED(ICOUNT,IP,IK) + INFRREDHT (ICOUNT, IP,IK) +
INFRREDS (ICOUNT, IP, IK) ) .GT.IA(IP,IK)) THEN

Drawing of process responsible for death of larvae
CALL DRWMORT (IA(IP,IK),REALATR (IK),REALINFS (IK),
REALINFHT (IK),
IATRRED (ICOUNT, IP, IK) , INFRREDS (ICOUNT, IP, IK),
INFRREDHT (ICOUNT, IP, IK))
ENDIF
CONTINUE

Calculation of number of infected L5 larvae that will get
infected, sublethally infected and die by attrition

IATR = O
INFRHTD =
INFRHTS =
INFRSD = 0
INFRSS = 0

0
0

DO 30 IK = 0,IN
INFRREDHTS (IP, IK) IROUND (INFRREDHT (ICOUNT, IP, IK) *

FINFL5S)

INFRREDHTD (IP, IK) = INFRREDHT (ICOUNT, IP,IK) -

INFRREDHTS (IP, IK)

IROUND(INFRREDS(ICOUNT,IP,IK)*
FINFL5S)

INFRREDSD (IP, IK) = INFRREDS (ICOUNT,IP, IK) -

INFRREDSS (IP, IK)

INFRREDSS (IP, IK)

|

IATR = IATR + IATRRED(ICOUNT, IP, IK)

INFRHTD = INFRHTD + INFRREDHTD (IP, IK)

INFRHTS = INFRHTS + INFRREDHTS(IP, IK)

INFRSD = INFRSD + INFRREDSD(IP, IK)

INFRSS = INFRSS + INFRREDSS(IP, IK)
CONTINUE

Calculation of outflow in final boxcar

OUTFL = MIN( (DVR*IA(IP,IN)/(1./IN-CDS)),
(IA(IP,IN)/DELT)) * DELT - IATRRED (ICOUNT, IP,IN) -
INFRREDHT (ICOUNT, IP, IN) - INFRREDS (ICOUNT, IP, IN)

IOUTFL = IROUND (OUTFL)

When all individuals in final boxcar become infected or die
by attrition, outflow is set to 0.
IF (IOUTFL.LT.0) THEN
IOUTFL = 0
ENDIF
ENDIF

Output of IBOXPATL5 variables




70

40

50
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IF (ITASK.EQ.4) THEN
Total number in boxcar
IATOT = IA(IP,0)
DO 70 IR = 1,IN
IATOT = IATOT + IA(IP,IR)
CONTINUE
ENDIF

calculation of IBOXPATLS state variables
IF (ITASK.EQ.5) THEN
Cyclic development stage integral
CDS = CDS + DELT*DVR

Calculation of new states in boxcars

IA(IP,0) = IA(IP,0) + IAIN - INFRREDHT (ICOUNT, IP,0) -
IATRRED (ICOUNT, IP,0) - INFRREDS (ICOUNT, IP,O0)
DO 40 IK = 1,IN-1
IA(IP,IK) = IA(IP,IK) - INFRREDHT (ICOUNT, IP, IK) - : -

IATRRED (ICOUNT, IP, IK) - INFRREDS (ICOUNT, IP, IK)
CONTINUE

Calculation of new state in final boxcar. The contents of this boxcar
is reduced with the outflow that takes place in the timestep.
IA(IP,IN) = IA(IP,IN) - IOUTFL -INFRREDHT (ICOUNT, IP, IN) -~

IATRRED (ICOUNT, IP, IN) - INFRREDS (ICOUNT, IP, IN)

Check for negative boxcar contents
IF (IA(IP,O).LT.0.0R.IA(IP,l).LT.0.0R.IA(IP,Z).LT.0.0R.
IA(IP,3).LT.0.0R.IA(IP,4).LT.O.) THEN
WRITE (*,50)
FORMAT (' IBOXPATLS content negative!')
ENDIF
ENDIF

Calculation of shift

IF (ITASK.EQ.6) THEN
Calculation of F
F = 1. - IN*CV*CV

Check on parameter values
IF (DVR*DELT.GE.F/IN) THEN

STOP'DVR*DELT.GE.F/IN!'
ENDIF

The shift takes place immediatly after the new states have been
calculated. The contents of the different boxcars are shifted.
IF (CDS.GE.F/IN) THEN

RA(IP,IN) = F*IA(IP,IN-1)

IRA(IP,IN) = IROUND (RA (1P, IN))

IA(IP,IN) = IA(IP,IN) + IRA(IP,IN)
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60

DO 60 IR = IN-1,2,-1

RA(IP,IR) = F*IA(IP,IR-1)

IRA(IP,IR) = IROUND(RA(IP,IR))

IA(IP,IR) = IA(IP,IR) - IRA(IP,IR+1) + IRA(IP,IR)
CONTINUE
IRA(IP,1) = IA(IP,0)
IA(IP,1) = IA(IP,1) - IRA(IP,2) + IRA(IP,1)

The contents of the inflow boxcar is set to zero
IA(IP,0) =0

Cyclic development stage is updated after shift
CDS = CDS - F/IN

ENDIF

ENDIF

RETURN
END




SUBROUTINE IBOXPTIS

Purpose: Simulation of development and attrition of sublethally

infected L5 larvea in patches that develop in sublethally

infected adults.

FORMAL PARAMETERS:

name type
ITASK 14
DELT R4
IRL5SHTSAR
14
IRL5SRHTSAR
I4
IRL5SSSAR
T4
IRL5RSSAR
T4
IN 14
DVR R4
cv R4
CDS R4
Ip 14
RATR R4
IA I4
IATOT I4
IOUTFL 1I4
IATR 14

Fatal error
warnings:
Subroutines
own:

" File usage:

(I=input,0=output,C=control,IN=init,T=time)

meaning (unit) class
Task that subroutine should perform (-)

Time step (d) I
Array of infection differences by horizontal
transmission of susceptible L5 larvae into

sublethally infected L5 larvae per timestep (#) I

Array of infection differences by horizontal
transmission of resistant L5 larvae into sublethally

infected L5 larvae per timestep (#)

Array of Infection differences by ingestion of
sprayed polyhedra of susceptible L5 larvae into
sublethally infected L5 larvae per timestep (#)

Array of infection differences by ingestion of
sprayed polyhedra of resistant L5 larvae into
sublethally infected L5 larvae per timestep (#)
Number of boxcars per boxcar train (#)

Development rate (d-1)

Coefficient of variation (-)

Cyclic development stage (-)

pointer for patch number (-)

Relative attrition rate (d-1)

Number of individuals in boxcar (#)

Number of individuals in boxcar train (#)

outflow difference of individuals from final boxcar
per timestep (#)

Attrition difference of individuals in boxcar train

per timestep (i)

checks: DVR*DELT > F/IN
IA < O

or functions called:
IROUND

O O H H H H H H H

SUBROUTINE IBOXPTIS(ITASK,DELT,IRLSSHTSAR,IRLSRHTSAR,IRLSSSSAR,

IRLSRSSAR, IN,DVR, CV, CDS, IP, RATR,
IA, IATOT, IOUTFL, IATR)

1 -81
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PARAMETER (IPMAX = 200)
INTEGER IN, IK, IP,IA,IOUTFL, IRA, ITASK, IATOT, IATR,

$ IR, IATRRED, INTATR, IRL5SHTSAR, IRL5RHTSAR,
S IRL5SSSAR, IRL5RSSAR
REAL F,OUTFL, RA, CDS, REALATR, CV
DIMENSION IRA(IPMAX,0:4),IA(IPMAX,0:4),RA(IPMAX,0:4),
$ IATRRED (IPMAX,0:4) , IRL5SHTSAR (IPMAX, 0:4),
S IRL5RHTSAR (IPMAX, 0:4),IRL5SSSAR (IPMAX, 0:4),
IRL5RSSAR(IPMAX,0:4)
SAVE
* Calculation of IBOXPTIS rate variables
IF (ITASK.EQ.3) THEN
* Calculation of infection rate and attrition rate of larvae
IATR = O

DO 10 IK = 0,IN
REALATR = RATR*DELT*IA (IP, IK)
INTATR = IROUND (REALATR)
IATR = INTATR + IATR

IATRRED (IP,IK) = INTATR
10 CONTINUE
* Calculation of outflow in final boxcar
OUTFL = MIN( (DVR*IA(IP,IN)/(1./IN-CDS)),
S (IA(IP,IN)/DELT)) * DELT - IATRRED(IP, IN)

IOUTFL = IROUND (OUTFL)

* When all individuals in final boxcar become infected or die
* by attrition, outflow is set to 0.
IF (IOUTFL.LT.0) THEN
IOUTFL = 0
ENDIF .
ENDIF
* Output of IBOXPTIS variables

IF (ITASK.EQ.4) THEN
* Total number in boxcar
IATOT = IA(IP,O0)
DO 50 IR = 1,IN
IATOT = IATOT + IA(IP,IR)

50 CONTINUE
ENDIF

* Calculation of IBOXPTIS state variables
IF (ITASK.EQ.5) THEN

* Cyclic development stage integral

CDS = CDS + DELT*DVR

* Calculation of new states in boxcars
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IA(IP,0) = IA(IP,0) + IRLS5SHTSAR (IP,0) + IRLSRHTSAR(IP,0) +
IRL5SSSAR (IP,0) + IRLSRSSAR(IP,O0)- IATRRED (IP, 0)
DO 20 IK = 1,IN-1
IA(IP,IK) = IA(IP,IK)+IRLSSHTSAR(IP,IK)+IRL5RHTSAR(IP,IK)+
IRLSSSSAR (IP, IK) +IRLSRSSAR (IP, IK) -
IATRRED(IP, IK)
CONTINUE

calculation of new state in final boxcar. The contents of this boxcar

is reduced with the outflow that takes place in the timestep.

IA(IP,IN) = IA(IP,IN) + IRLSSHTSAR (IP, IN) + IRLSRHTSAR (IP, IN) +
IRL5SSSAR(IP, IN) + IRLSRSSAR (IP,IN) - IOUTFL -
IATRRED (IP, IN)

Check for negative boxcar contents
IF (IA(IP,O).LT.0.0R.IA(IP,l).LT.0.0R.IA(IP,2).LT.0.0R.
IA(IP,3).LT.0.0R.IA(IP,4).LT.O.) THEN
WRITE (*,30)
FORMAT (' IBOXPTIS content negative!')
ENDIF
ENDIF

Calculation of shift for IBOXPTIS variables
IF (ITASK.EQ.6) THEN

Calculation of F

F = 1. - IN*CV*CV

Check on parameter values
IF (DVR*DELT.GE.F/IN) THEN

STOP'DVR*DELT.GE.F/IN!'
ENDIF

The shift takes place immediatly after the new states have been
calculated. The contents of the different boxcars are shifted.
IF (CDS.GE.F/IN) THEN

RA(IP,IN) = F*IA(IP,IN-1)

IRA(IP,IN) = TROUND (RA (IP, IN))

IA(IP,IN) = IA(IP,IN) + IRA (IP, IN)

DO 40 IR = IN-1,2,-1

RA(IP,IR) = F*IA(IP,IR-1)

IRA(IP,IR) = IROUND(RA(IP,IR))

IA(IP,IR) = IA(IP,IR) - IRA(IP,IR+1) + IRA(IP,IR)
CONTINUE
IRA(IP,1) = IA(IP,0)
IA(IP,1) = IA(IP,1) - IRA(IP,2) + IRA(IP,1)

The contents of the inflow boxcar is set to zero
IA(IP,0) = O
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* Cyclic development stage is updated after shift
CDS = CDS - F/IN
ENDIF
ENDIF
RETURN

END
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SUBROUTINE SPADIS i *

Purpose: Spatial distribution of Spodoptera exigua. The location of *

egg batches and foraging domains of larvae as well as the *

location of cadavers in the crop are stored. *

*

FORMAL PARAMETERS: (I=input,o=output,C=control,IN=init,T=time) *

name type meaning (unit) class *

- 0 b *

ITASK T4 Task that subroutine should perform (-) I *

IPATILOW I4 Pointer for lowest patch number containing larvae (-) I *

IPATCUM I4 Cumulative number of patches in greenhouse (#) I *

IRL1HT I4 Infection difference by horizontal transmission of *

L1 larvae per timestep (i#) I *

IRL2HT I4 Infection difference by horizontal transmission of *

L2 larvae per timestep (#) I x

IRL3SHT I4 Infection difference by horizontal transmission of *

susceptible L3 larvae per timestep (#) I =*

IRL3RHT I4 Infection difference by horizontal transmission of *

resistant L3 larvae per timestep (#) I *

IRLASHT I4 Infection difference by horizontal transmission of *

susceptible 14 larvae per timestep (#) I *

TRLARHT I4 Infection difference by horizontal transmission of *

resistant L4 larvae per timestep (#) I *

IRL5SHTD *

T4 TInfection difference by horizontal transmission of *

susceptible L5 larvae into lethally infected L5 *

larvae per timestep (#) I >

IRL5RHTD *

T4 TInfection difference by horizontal transmission of *

resistant L5 larvae into lethally infected L5 larvae *

per timestep (#) I *

IRL1S I4 Infecﬁion difference by ingestion of sprayed *

polyhedra of L1l larvae per timestep (#) I *

IRL2S T4 Infection difference by ingestion of sprayed *

polyhedra of L2 larvae per timestep (#) T %

IRL3SS I4 Infection difference by ingestion of sprayed *

polyhedra of susceptible L3 larvae per timestep (#) I *

TRL3RS T4 Infection difference by ingestion of sprayed *

polvhedra of resistant L3 larvae per timestep (#) I *

IRLASS I4 Infection difference by ingestion of sprayed *

polyvhedra of susceptible L4 larvae per timestep (#) I =

IRL4ARS I4 Infection difference by ingestion of sprayed *

polyhedra of resistant L4 larvae per timestep (#) I *

TRL5SSD I4 Infection difference by ingestion of sprayed *
polyhedra of susceptible L5 larvae into lethally *

infected L5 larvae per timestep (#) I *

TRLSRSD I4 Infection difference by ingestion of sprayed *

polyhedra of resistant L5 larvae into lethally *
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IDRL1I 1I4
IDRL2I 1I4
IDRL3I 1I4
IDRL4I 1I4
IDRL5ID I4
IPATL1I I4
IPATL2I I4

IPATL3I I4
IPATL4TI I4

ITIL5D 14
IBATOUT I4

IBATOUTI
I4

IHATCHI I4
ILPP 14
LAIBED R4
THARV 14
FCLVSL1 R4
FCLVSL2 R4
FCLVSL3 R4
FCLVSL4 R4
FCLVSL5 R4
VERTDIST
R4
IPATDAT I4
IPLUP 14
IPCLVS 14
ICAD 14

IPLANTL1
I4

infected L5 larvae per timestep (#)

Death difference of infected L1 larvae per time step
(#)
Death difference of infected L2 larvae per time step
(3#)
Death difference of infected L3 larvae per time step
(#)
Death difference of infected L4 larvae per time step
(3#)
Death difference of lethally infected L5 larvae per

(#)

infected L1 larvae

time step
Number of
(#)
Number of
patch (#)
Number of
(#)
Number of
(3#)
Number of
Number of

in boxcar train per
patch
infected L2 larvae in boxcar train per
infected L3 larvae in boxcar train per
patch
infected L4 larvae in boxcar train per
patch
lethally infected L5 larvae per boxcar (#)
batches in oviduct flowing out IBATCH
boxcar train (#)

Number of batches in infected oviduct flowing out
IBATCHI boxcar train (#)

Hatch difference of infected L1 larvae per patch per
time step (#)

Number of leaves per plant in patch (#)

Leaf area index of crop in bed (m2.m-2)

(=)

Fraction contaminated leaves in Ll
(=)
Fraction
(=)
Fraction
(-)
Fraction
(-)
Fraction

(=)

Flag for harvest

foraging domain

contaminated leaves in L2 foraging domain

contaminated leaves in L3 foraging domain

contaminated leaves in L4 foraging domain

contaminated leaves in L5 foraging domain

Fraction larvae per canopy layer (-)

Array containing co-ordinates of patches in

(-)

Pointer for infected larvae with highest rank number
(=)

Pointer for number of contaminated leaves (-)

(#)

greenhouse

Number of cadavers in greenhouse

Number of plants in foraging domain of L1 larvae (#)

H H H H




IPLANTL2

I4 Number

IPLANTL3

I4 Number of plants in foraging domain of L3 larvae (#) O ~*

IPLANTL4

IPLANTLS
I4 Number of plants in foraging domain of L5 larvae (#) O *
INPLANT I4 Number of plants per bed (#) o =
PHDLARTOT *
R4 Total number of polyhedra produced in larvae (#) o *
*
Fatal error checks: INPAT > IPMAX *
INCLVS > IPOINM *
INPAT > IBEDMAX *
INPAT > IROWMAX *
INPAT > IPPRMAX *
INFOCLVS > IBEDMAX *
INFOCLVS > IROWMAX *
INFOCLVS > IPPRMAX .
INFOCLVS > LPPMAX *
warnings: none *

gubroutines or functions called:

I4 Number of plants in foraging domain of L4 larvae (#) o *

from TTUTIL:

OWrIl:

File

v v v W » Ww»r v 1 »r W

wr »r W A

usage:

RDINIT,RDSINT, RDFINT, RDFREA, RDSREA, *
OUTDAT *
NEWINF, NEWDIL, CONTROL, HARV, IDRWLOT *
INCON.DAT, SPADIS.DAT, CROP.DAT, VIRUS.DAT *

SUBROUTINE SPADIS (ITASK, IPATLOW, IPATCUM, IRL1HT, IRL2HT,

PARAMETER
PARAMETER
PARAMETER
PARAMETER
INTEGER

IRL3SHT, IRL3RHT, IRLASHT, IRL4RHT, IRL5SHTD,
IRLSRHTD, IRL1S, IRL2S, IRL3SS, IRL3RS, IRL4SS,
IRL4RS, IRL5SSD, IRLSRSD, IDRL1I, IDRL2T, IDRL3T,
IDRL4I,IDRLSID,IPATLlI,IPATLZI,IPATL3I,IPATL4I,
ITILSD, IBATOUT, IBATOUTI, IHATCHI, ILPP, LAIBED,
IHARV,
FCLVSLL, FCLVSL2, FCLVSL3, FCLVSL4 , FCLVSL5,
VERTDIST, IPATDAT, IPLUP, IPCLVS, ICAD, IPLANTLI,
TPLANTL2, IPLANTL3, IPLANTL4 , IPLANTL5, INPLANT,
PHDLARTOT)

(IPOINM = 1000)

(IPMAX = 200)

(ICLMAX = 3)

(ICLVSMAX = 400)
INFOCLVS,INFOLIL,IPATDAT,ICLVS,IPATLOW,ICLVSNRLI,
ICLVSNRLz,ICLVSNRLB,ICLVSNRL4,ICLVSNRL5,IPPRDIF,IROWDIF,
INCLVS,INPAT,IPCLVS,IPLLOW,IPLUP,ICLVSLlCL,ICLVSLZCL,
ICLVSL3CL,ICLVSL4CL,ICLVSLSCL,ICLCLVS,IPLANTLl,IPLANTLZ,
IPLANTL3, IPLANTL4 , IPLANTL5, IPATCUM, IRL1HT, IRL2HT,
IRL3SHT, IRL3RHT, IRL4SHT, IRL4RHT, IRL5SHTD, IRLSRHTD,

of plants in foraging domain of L2 larvae (#) O *
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10

L »r N vr »r V»r W

REAL

$

g
LOGICAL
DIMENSION

r W U W W A Ur W W W W W A A A N U W Wy

SAVE

IDRL1I,IDRL2I,IDRL3I,IDRL4I, IDRL5ID, ICLVSL1, ICLVSL2,
ICLVSL3, ICLVSL4, ICLVSL5, IPAT1I, IPAT2T, IPAT3I, IPAT4T,
IPATSI, ITIL5D, IRL1S, IRL2S, IRL3SS, IRL3RS, IRL4SS,
IRLARS, IRL5SSD, IRL5RSD, ILPP, IBEDMAX, IROWMAX, TPPRMAX,
IHORDIST, ITHATCHI, IACTRADL1l, IACTRADL2, IACTRADL3,
IACTRADL4, IACTRADL5, IBEDPREF, IBEDDEP, IHARV, IP, IB, IFA,
ICL, INEWBAT, IL, ILPPBED, ILVSCL, INPLANT

FCLVSL1, FCLVSL2, FCLVSL3, FCLVSL4 , FCLVSL5, VERTDIST,
LAIBED, LATPREF, PHDPROD, PHDLARTOT, LLPPO, RGRLPP, LPPMAX,
DAPLPP50,DAP, REST

FORAR

ICLVSL1CL (IPMAX, ICLMAX) , ICLVSL2CL (IPMAX, ICLMAX) ,
ICLVSL3CL (IPMAX, ICLMAX) , ICLVSL4CL (IPMAX, ICLMAX) ,
ICLVSL5CL (IPMAX, ICLMAX) , FCLVSL1 (IPMAX, ICLMAX) ,
FCLVSL2 (IPMAX, ICLMAX) , FCLVSL3 (IPMAX, ICLMAX) ,

FCLVSL4 (IPMAX, ICLMAX) , FCLVSLS (IPMAX, ICLMAX) ,

IRL1HT (IPMAX) , IRL2HT (IPMAX) , IRL3SHT (IPMAX) ,

IRL3RHT (IPMAX) , IRL4SHT (IPMAX) , IRLARHT (IPMAX) ,
IRL5SHTD (IPMAX) , IRLSRHTD (IPMAX) , IDRL1I (IPMAX) ,

~IDRL2I (IPMAX) , IDRL3I (IPMAX) , IDRL4I (IPMAX) ,

IDRL5ID (IPMAX) , INFOCLVS (5, IPOINM) , INFOLIL (6, IPOINM) ,
IPATDAT (3, IPMAX) , IHORDIST (4,5) , ICLVS (IPMAX) ,

ICLVSNRL1 (IPMAX, ICLVSMAX) , ICLVSNRL2 (IPMAX, ICLVSMAX) ,
ICLVSNRL3 (IPMAX, ICLVSMAX) , ICLVSNRL4 (IPMAX, ICLVSMAX) ,
ICLVSNRLS5 (IPMAX, ICLVSMAX) , IPPRDIF (IPOINM) ,

IROWDIF (IPOINM) , ICLVSL1 (IPMAX) , ICLVSL2 (IPMAX) ,

ICLVSL3 (IPMAX) , ICLVSL4 (IPMAX) , ICLVSLS5 (IPMAX) ,

IPATL1I (IPMAX),IPATL2I (IPMAX) , IPATL3I (IPMAX),

IPATL4I (IPMAX) , ITILSD (IPMAX), IRL1S (IPMAX) , IRL2S (IPMAX) ,
IRL3SS (IPMAX) , IRL3RS (IPMAX) , IRL4SS (IPMAX) , IRL4RS (IPMAX) ,
IRL5SSD (IPMAX) , IRL5RSD (IPMAX) , ILPP (IPMAX) ,VERTDIST (3,5),
THATCHI (IPMAX) , IBEDDEP (IPMAX) , LAIBED (IPMAX) , FORAR (5) ,
PHDPROD (5) , ILPPBED (IPMAX) ,DAP(50) , ILVSCL ( IPMAX, ICLMAX)

Initialization of SPADIS variables
IF (ITASK.EQ.1l) THEN

Initialization of arrays

DO 10

INFOLIL(1,IP) =
INFOLIL(2,IP) =
INFOLIL(3,IP) =
INFOLIL (

INFOLIL(5,IP) =
INFOLIL(6,IP) =

IP = 1,IPOINM

4,IP) =

© O O o o o©o

CONTINUE

DO 20

INFOCLVS (1, IP)
INFOCLVS (2, IP)
INFOCLVS (3, IP)

IP = 1,IPOINM

]
o

1}
o




20

30
40

CONT
DO 4

INFOCLV
INFOCLV
INUE

0 IP =
IPATDAT
IPATDAT
IPATDAT

S(4,1IP)
S(5,1IP)

] Il
o O

1, IPMAX
(1,1IP)
(2,1IP)
(3,IP)

0
0
0

1]

DO 30 IL = 1,ICLVSMAX

CONT

Read
CALL
CALL
CALL

ICLVSNRL1 (IP,IL
ICLVSNRL2 (
ICLVSNRLS3 (
ICLVSNRL4 (IP, IL
ICLVSNRLS5 (

)
1P, IL)
IP,IL) =
)
)

o O O O O

IP,1IL

CONTINUE

INUE

initia
RDINIT
RDFREA
RDSINT

1 conditions
(30,40,’INCON.DAT')
('DAP',DAP(l),SO,SO)
(' INCLVS', INCLVS)

IF (INCLVS.GT.0) THEN

CALL RDFINT ('INFOCLVS',INFOCLVS(l,l),100,5*INCLVS)

ENDIF
CALL RDSINT ('INPAT', INPAT)
IF (INPAT.GT.O0) THEN

ENDI
CALL
CALL
CALL
Read
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

CALL RD
F

RDSINT
RDSINT
RDSINT
parame
RDINIT
RDFINT
RDFREA
RDSINT
RDSINT
RDSINT
RDSINT
RDSINT
RDINIT
RDSREA
RDSREA
RDSREA
RDSREA
RDSREA
RDINIT
RDFREA

FINT (’IPATDAT',IPATDAT(l,l),150,3*INPAT)

(' IBEDMAX' , IBEDMAX)
(' IROWMAX ' , IROWMAX)
(*IPPRMAX', IPPRMAX)
ter values
(30,40, 'SPADIS.DAT')
(' IHORDIST', THORDIST (1,1),20,20)
(' VERTDIST',VERTDIST(1,1),15,15)
(' IACTRADL1', IACTRADL1)
(*IACTRADL2', IACTRADL2)
(' IACTRADL3 ', IACTRADL3)
(' IACTRADL4 ', IACTRADL4)
(* IACTRADLS ', IACTRADLS)
(30,40, 'CROP.DAT')
('LAIPREF',LAIPREF)
("RGRLPP' , RGRLPP)
('DAPLPP50' ,DAPLPP50)
('LPPO', LPPO)
('LPPMAX ', LPPMAX)
(30,40, '"VIRUS.DAT")
(' PHDPROD' , PHDPROD (1) ,5,5)

CLOSE (30,STATUS='DELETE')

pointer for living infected larvae with highest rank number
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50

60

70

IPLUPV= 0

pointer for living infected larvae with lowest rank number
IPLLOW = 1

number of cadavers

ICAD = 0

pointer for contaminated leaf with highest rank number

IPCLVS = INCLVS

Patch initialization
IPATLOW = 1
IPATCUM = INPAT

l

Check for invalid input values
IF (INPAT.GT.IPMAX) THEN
STOP'initial number of patches too high!"
ENDIF
IF (INCLVS.GT.IPOINM) THEN
STOP'initial number of contaminated leaves too high!'
ENDIF

Loop over beds
DO 50 IB = 1,IBEDMAX
Initial leaves per plant for each bed
ILPPBED (IB) = NINT(LPPO + ((LPPMAX - LPPO) /
(1. + EXP(-RGRLPP* (DAP (IB) - DAPLPP50)))))
CONTINUE

Loop over contaminated leaf locations
DO 60 IP = 1,IPMAX
IF ((IPATDAT(1,IP).GT.IBEDMAX).OR.
(IPATDAT (2, IP) .GT.IROWMAX) .OR.
(IPATDAT (3, IP) .GT.IPPRMAX)) THEN
STOP'initial co-ordinates of patches out of range!'
ENDIF
CONTINUE

Loop over contaminated leaf locations
DO 70 IB = 1,INCLVS
IF ((INFOCLVS(1,IB).GT.IBEDMAX).OR.
(INFOCLVS (2, IB) .GT.IROWMAX) .OR.
(INFOCLVS (3, IB) .GT.IPPRMAX) .OR.
(INFOCLVS (4, IB) .GT. ILPPBED (INFOCLVS (1, IB)))) THEN
STOP'initial co-ordinates of contaminated leaves out of range'
ENDIF
CONTINUE

Number of plants per larval foraging domain

IPLANTL1 = (1 + IHORDIST(1,1) + IHORDIST(2,1))+*
(1 + IHORDIST(3,1) + IHORDIST(4,1))
IPLANTL2 = (1 + IHORDIST(1,2) + IHORDIST(2,2))*




80
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(1 + IHORDIST(3,2) + THORDIST (4,2))
IPLANTL3 = (1 + IHORDIST(1,3) + IHORDIST(2,3))*
(1 + IHORDIST(3,3) + IHORDIST (4,3))
IPLANTL4 = (1 + IHORDIST(1,4j + IHORDIST(2,4))*
(1 + IHORDIST(3,4) + IHORDIST (4,4))
IPLANTL5 = (1 + IHORDIST(1,5) + IHORDIST(2,5))*
(1 + IHORDIST(3,5) + IHORDIST (4,5))

Number of plants in greenhouse
INPLANT = IROWMAX * IPPRMAX

Tnitialization of total number of polyhedra produced
in larvae

PHDLARTOT = O

ENDIF

Ccalculation of SPADIS auxiliary variables

IF

(ITASK.EQ.2) THEN
Calculation of number of contaminated leaves in each patch
loop over patches
DO 120 IP = IPATLOW,IPATCUM
number of contaminated leaves in current patch set to zero
ICLVS(IP) = 0
number of contaminated leaves per larval foraging domain set to zero

ICLVSL1(IP) = O

ICLVSL2 (IP) = O
ICLVSL3 (IP) = 0
ICLVSL4 (IP) = O
ICLVSL5(IP) = 0

Tnitialization of number of contaminated leaves per larval

foraging domain per canopy layer

DO 80 ICL = 1,3
ICLVSLICL(IP,ICL) =
ICLVSL2CL(IP,ICL) =
ICLVSL3CL(IP,ICL) =
ICLVSL4CL(IP,ICL) =
ICLVSL5CL(IP, ICL) =

CONTINUE

o O O o O

Calculation of number of leaves per canopy layer
REST = (ILPP(IP)/3. - INT (ILPP (IP)/3.))
IF(REST.LT.0.1) THEN
ILVSCL(IP,1) = INT (ILPP(IP)/3.)
ILVSCL(IP,2) INT (ILPP (IP)/3.)
ILVSCL(IP, 3) INT (ILPP(IP)/3.)
ENDIF
IF(REST.LT‘O.4.AND.REST.GT.0.3) THEN
ILVSCL(IP,1) = INT (ILPP (IP)/3.)
ILVSCL(IP,2) = INT(ILPP(IP)/3.)




I -92

90

ILVSCL(IP,3) = INT(ILPP(IP)/3.)+1
ENDIF
IF(REST.LT.0.7.AND.REST.GT.0.6) THEN

ILVSCL(IP,1) = INT(ILPP(IP)/3.)

ILVSCL(IP,2) = INT(ILPP(IP)/3.)+1

ILVSCL(IP, 3)
ENDIF

INT (ILPP(IP)/3.)+1

For each contaminated leaf it is checked whether it is located
in a foraging domain of the patch.
DO 100 IL = 1,IPCLVS
Check if contaminated leaf is located in the same bed as the
current patch
IF (INFOCLVS(1,IL).EQ.IPATDAT(1,IP)) THEN

Calculation of distance (# plants) between the egg batch and
contaminated leaf

IPPRDIF(IL) = INFOCLVS(3,IL) - IPATDAT(3,IP)

IROWDIF (IL) = INFOCLVS(2,IL) - IPATDAT(2,IP)

When the distance between the contaminated leaf
and the egg batch is less than the action radius
of L5 larvae, the contaminated leaf is located
inside the patch.
IF (((IPPRDIF(IL).GE.-1*IHORDIST(1,5)) .AND.
(IPPRDIF (IL).LE.IHORDIST(2,5))).AND.
( (IROWDIF (IL) .GE.-1*TIHORDIST(4,5)) .AND.
(IROWDIF (IL) .LE.IHORDIST(3,5)))) THEN
Number of contaminated leaves in current patch is
raised with 1
ICLVS(IP) = ICLVS(IP) + 1

Calculation in which foraging domain the
contaminated leaf is situated using the IHORDIST-array
DO 90 IFA = 5,1,-1
IF (((IPPRDIF(IL).GE.-1*IHORDIST(1,IFA)).AND.
(IPPRDIF (IL) .LE.IHORDIST (2, IFA))) .AND.
( (IROWDIF (IL) .GE.-1*IHORDIST (4,IFA)) .AND.

(IROWDIF (IL) .LE.IHORDIST(3,IFA)))) THEN
FORAR (IFA) = .TRUE.
ELSE
FORAR (IFA) = .FALSE.
ENDIF
CONTINUE

Calculation in which canopy layer the contaminated
leaf is situated
IF (INFOCLVS(4,IL).LE. (ILPP(IP)/3)) THEN
ICLCLVS = 1
ELSE IF (INFOCLVS(4,IL).LE.(2*ILPP(IP)/3).AND.
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INFOCLVS (4, IL) .GT. (ILPP(IP)/3)) THEN
ICLCLVS = 2

ELSE IF (INFOCLVS(4,IL).LE.(ILPP(IP)).AND.
INFOCLVS (4, IL) .GT. (2*ILPP(IP)/3)) THEN
ICLCLVS = 3

ENDIF

Calculation of the number of contaminated leaves in the
larval foraging domains and canopy layers. ICLVSLICL is the
number of contaminated leaves per larval foraging domain
and canopy layer; ICLVSLL is number the of contaminated
leaves per horizontal larval foraging area; ICLVSNRL1 is
an array with the INFOCLVS rank number of the contaminated
leaf.
IF (FORAR (1)) THEN

ICLVSLICL (IP, ICLCLVS) = ICLVSL1CL (IP,ICLCLVS) + 1

ICLVSL1 (IP) = ICLVSL1(IP) + 1

IF (ICLVSLl(IP).GE.ICLVSMAX) THEN

WRITE (*,*) 'maximal number of contaminated’

WRITE(*,*) 'leaves in L1 foraging domain reached!’

STOP
ENDIF
ICLVSNRL1 (IP,ICLVSL1(IP)) = IL
ENDIF
IF (FORAR(2)) THEN
ICLVSL2CL (IP, ICLCLVS) = ICLVSL2CL(IP, ICLCLVS) + 1

ICLVSL2 (IP) = ICLVSL2 (IP) + 1
IF (ICLVSLZ(IP).GE.ICLVSMAX) THEN
WRITE (*,*) 'maximal number of contaminated'

WRITE (*,*) 'leaves in L2 foraging domain reached!'

STOP
ENDIF
ICLVSNRL2 (IP, ICLVSL2 (IP)) = IL
ENDIF
IF (FORAR(3)) THEN
ICLVSL3CL (IP, ICLCLVS) = ICLVSL3CL{IP,ICLCLVS) + 1

ICLVSL3 (IP) = ICLVSL3(IP) + 1
IF (ICLVSL3(IP).GE.ICLVSMAX) THEN
WRITE (*, *) 'maximal number of contaminated'
WRITE (*,*) 'leaves in L3 foraging domain reached!'
STOP
ENDIF
ICLVSNRL3 (IP, ICLVSL3 (IP)) = IL
ENDIF
IF (FORAR (4)) THEN
ICLVSL4CL (IP, ICLCLVS) = ICLVSL4CL (IP, ICLCLVS) + 1
ICLVSL4 (IP) = ICLVSLA (IP) + 1
IF (ICLVSL4(IP).GE.ICLVSMAX) THEN
WRITE (*, *) 'maximal number of contaminated’

WRITE (*,*) 'leaves in L4 foraging domain reached!'
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STOP
ENDIF
ICLVSNRL4 (IP, ICLVSL4 (IP)) = IL
ENDIF
IF (FORAR(5)) THEN
ICLVSL5CL(IP, ICLCLVS) = ICLVSL5CL(IP,ICLCLVS) + 1
ICLVSL5 (IP) = ICLVSL5(IP) + 1

IF (ICLVSL5(IP).GE.ICLVSMAX) THEN
WRITE (*,*) 'maximal number of contaminated!'

WRITE (*,*) 'leaves in L5 foraging domain reached!'

STOP
ENDIF
ICLVSNRL5 (IP, ICLVSL5(IP)) = IL
ENDIF
ENDIF
ENDIF
100 CONTINUE
* Calculation of the fraction of contaminated leaves per
* larval foraging domain and canopy layer. Leaves with more
* than one cadaver have only one location in the contaminated
* leaf array.
* Loop over canopy layers

DO 110 ICL = 1,3
FCLVSL1 (IP,ICL) = REAL(ICLVSLICL(IP,ICL))/

(
3 REAL (ILVSCL (IP, ICL) *IPLANTLL1)
FCLVSL2 (IP,ICL) = REAL(ICLVSL2CL(IP,ICL))/
$ REAL (ILVSCL(IP, ICL) *IPLANTL2)
FCLVSL3 (IP,ICL) = REAL(ICLVSL3CL(IP,ICL))/
3 REAL(ILVSCL(IP,ICL)*IPLANTLS)
FCLVSL4 (IP,ICL) = REAL(ICLVSLACL(IP,ICL))/
S REAL(ILVSCL (IP,ICL) *IPLANTL4)
FCLVSL5 (IP,ICL) = REAL(ICLVSL5CL(IP,ICL))/
$ REAL (ILVSCL(IP, ICL) *IPLANTLS)
110 CONTINUE
120 CONTINUE
* Determination of dying locations for newly infected larvae in each
* patch by vertical, horizontal transmission and by virus application
DO 130 IP = IPATLOW, IPATCUM
* L1l larvae that are contaminated by vertical transmission are
* considered infected as soon as they hatch. Check for array
* overflow takes place in NEWINF subroutine.

IF (IHATCHI (IP).GT.0) THEN
CALL NEWINF (IPLUP, IHATCHI (IP),-99,

S ICLVSNRL1, 1, IP, IPATDAT, ILPP, IACTRADLI,
S IROWMAX, IPPRMAX, THORDIST, VERTDIST,
S INFOLIL, INFOCLVS)

ENDIF

IF (IRL1HT(IP).GT.0) THEN
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CALL NEWINF (IPLUP, IRL1HT (IP),ICLVSL1(IP),
ICLVSNRL1,1,IP, IPATDAT, ILPP, IACTRADLL,
TROWMAX, IPPRMAX, ITHORDIST, VERTDIST,
INFOLIL, INFOCLVS)
ENDIF
IF (IRL2HT(IP).GT.0) THEN
CALL NEWINF (IPLUP, IRL2HT (IP), ICLVSL2 (IP),
ICLVSNRL2, 2, IP, IPATDAT, ILPP, IACTRADL2,
IROWMAX, IPPRMAX, ITHORDIST, VERTDIST,
INFOLIL, INFOCLVS)
ENDIF
IF (IRL3SHT(IP).GT.0) THEN
CALL NEWINF(IPLUP,IRL3SHT(IP),ICLVSLB(IP),
ICLVSNRL3, 3, IP, IPATDAT, ILPP, IACTRADL3,
IROWMAX, IPPRMAX, IHORDIST, VERTDIST,
INFOLIL, INFOCLVS)
ENDIF
IF (IRL3RHT(IP).GT.0) THEN
CALL NEWINF (IPLUP, IRL3RHT (IP), ICLVSL3 (IP),
ICLVSNRL3, 3, IP, IPATDAT, ILPP, IACTRADL3,
TROWMAX, IPPRMAX, THORDIST, VERTDIST,
INFOLIL, INFOCLVS)
ENDIF
IF (IRL4SHT(IP).GT.0) THEN
CALL NEWINF (IPLUP, IRL4ASHT (IP), ICLVSL4 (IP),
TCLVSNRL4, 4, IP, IPATDAT, ILPP, IACTRADL4,
IROWMAX, IPPRMAX, IHORDIST, VERTDIST,
INFOLIL, INFOCLVS)
ENDIF
IF (IRL4RHT (IP).GT.0) THEN
CALL NEWINF(IPLUP,IRL4RHT(IP),ICLVSL4(IP),
ICLVSNRL4,4,IP, IPATDAT, ILPP, IACTRADL4,
IROWMAX, IPPRMAX, ITHORDIST, VERTDIST,
INFOLIL, INFOCLVS)
ENDIF
IF (IRLS5SHTD(IP).GT.0) THEN
CALL NEWINF(IPLUP,IRLSSHTD(IP),ICLVSLS(IP),
ICLVSNRLS5, 5, IP, IPATDAT, ILPP, IACTRADLS,
TROWMAX, IPPRMAX , THORDIST, VERTDIST,
INFOLIL, INFOCLVS)
ENDIF
IF (IRLSRHTD(IP).GT.0) THEN
CALL NEWINF(IPLUP,IRLSRHTD(IP),ICLVSLS(IP),
ICLVSNRLS, 5, IP, IPATDAT, ILPP, IACTRADLS,
TROWMAX, IPPRMAX, IHORDIST, VERTDIST,
INFOLIL, INFOCLVS)
ENDIF
IF (IRL1S(IP).GT.O0) THEN
CALL NEWINF (IPLUP,IRL1S(IP),O0,
ICLVSNRL1, 1,IP, IPATDAT, ILPP, IACTRADLI,
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IROWMAX, IPPRMAX, THORDIST, VERTDIST,
INFOLIL, INFOCLVS)
ENDIF
IF (IRL2S(IP).GT.0) THEN
CALL NEWINF (IPLUP, IRL2S(IP), 0,
ICLVSNRL2,2,IP, IPATDAT, ILPP, IACTRADL2,
IROWMAX, IPPRMAX, THORDIST, VERTDIST,
INFOLIL, INFOCLVS)
ENDIF
IF (IRL3SS(IP).GT.0) THEN
CALL NEWINF (IPLUP, IRL3SS(IP),O0,
ICLVSNRL3, 3, IP, IPATDAT, ILPP, TACTRADL3,
IROWMAX, IPPRMAX, THORDIST, VERTDIST,
INFOLIL, INFOCLVS)
ENDIF
IF (IRL3RS(IP).GT.0) THEN
CALL NEWINF (IPLUP, IRL3RS(IP),O0,
ICLVSNRL3,3,IP, IPATDAT, ILPP, TACTRADL3,
IROWMAX, IPPRMAX, THORDIST, VERTDIST,
INFOLIL, INFOCLVS)
ENDIF
IF (IRL4SS(IP).GT.0) THEN
CALL NEWINF (IPLUP, IRL4SS(IP), 0,
ICLVSNRL4, 4, IP, IPATDAT, ILPP, IACTRADI4,
IROWMAX, IPPRMAX, THORDIST, VERTDIST,
INFOLIL, INFOCLVS)
ENDIF
IF (IRL4RS(IP).GT.0) THEN
CALL NEWINF (IPLUP, IRL4RS(IP), O,
ICLVSNRL4,4,IP, IPATDAT, ILPP, IACTRADL4,
IROWMAX, IPPRMAX, THORDIST, VERTDIST,
INFOLIL, INFOCLVS)
ENDIF
IF (IRL5SSD(IP).GT.0) THEN
CALL NEWINF (IPLUP, IRL5SSD(IP), 0,
ICLVSNRL5, 5,IP,IPATDAT,ILPP,IACTRADLS,
IROWMAX, IPPRMAX, THORDIST, VERTDIST,
INFOLIL, INFOCLVS)
ENDIF
IF (IRLS5RSD(IP).GT.0) THEN
CALL NEWINF (IPLUP, IRL5RSD(IP),O0,
ICLVSNRLS5, 5,IP,IPATDAT,ILPP,IACTRADLS,
IROWMAX, IPPRMAX, THORDIST, VERTDIST,
INFOLIL, INFOCLVS)
ENDIF

CONTINUE

Infected larvea that died are shifted from the living infected

array INFOLIL to contaminated leaves array INFOCLVS. The pointer

of INFOCLVS

(=IPCLVS)

is raised with 1. The INFOLIL array is filled



140

150

with nills, hence the living infected larvae does no longer exist.

DO 140 IP = IPATLOW, IPATCUM

IF (IDRL1I(IP).GT.0) CALL NEWDIL (IDRL1I (IP),IPLUP,1,IP,
PHDPROD,
IPCLVS, ICAD, INFOLIL,
INFOCLVS, PHDLARTOT)

IF (IDRL2I(IP).GT.0) CALL NEWDIL (IDRL2I (IP),IPLUP,2,1IP,
PHDPROD,
IPCLVS, ICAD, INFOLIL,
INFOCLVS, PHDLARTOT)

IF (IDRL3I(IP).GT.0) CALL NEWDIL (IDRL3I (IP),IPLUP,3,IP,
PHDPROD,
IPCLVS, ICAD, INFOLIL,
INFOCLVS, PHDLARTOT)

IF (IDRL4I{(IP).GT.0) CALL NEWDIL (IDRLA4TI (IP),IPLUP, 4, IP,
PHDPROD,
IPCLVS, ICAD, INFOLIL,
INFOCLVS, PHDLARTOT)

" IF (IDRLSID(IP).GT.0) CALL NEWDIL (IDRLSID(IP),IPLUP,5,1IP,
PHDPROD,
IPCLVS, ICAD, INFOLIL,
INFOCLVS, PHDLARTOT)
CONTINUE

ENDIF

Output of SPADIS variables

(ITASK.EQ.4) THEN
CALL OUTDAT (2,20, 'CONTLEAF', REAL (IPCLVS))
CALL OUTDAT (2,20, ' ICUMCADAVER' , REAL (ICAD))
CALI, OUTDAT (2,20, ' PHDLARTOT', PHDLARTOT)
)
Caléulaton of the total number of infected larvae per instar
IPAT1I = O
IPAT2I =
IPAT3I =
IPAT4I =
IPATS5I =
DO 150 IP = IPATLOW, IPATCUM
;IPATlI = IPATLLI(IP) IPATI1I
:IPAT2I = IPATL2I(IP) + IPAT2I
" IPAT3I = IPATL3I(IP) + IPAT3I
IPAT4T = IPATL4I(IP) + IPAT4I
IPATSI = ITILS5D(IP) + IPATSI
CONTINUE

o O O O

+

Check if number of living infected larvae in boxcar
and in array are equal

CALL CONTROL(IPATlI,IPLUP,INFOLIL,l)

CALL CONTROL(IPATzI,IPLUP,INFOLIL,Z)

CALL CONTROL(IPAT3I,IPLUP,INFOLIL,B)
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CALL CONTROL(IPAT4I, IPLUP, INFOLIL,4)
CALL CONTROL (IPATS5I,IPLUP, INFOLIL,5)

ENDIF
* Calculation of shift for SPADIS variables
IF (ITASK.EQ.6) THEN
* All larvae are removed from the bed after a harvest

IF (IHARV.GT.0) THEN
CALL HARV(IHARV,INFOLIL,IPLUP,IPCLVS,INFOCLVS,IPLLOW)
ENDIF
* Determination of patch co-ordinates of new patch
IF (IBATOUT.GT.0.OR.IBATOUTI.GT.0) THEN
IBEDPREF = 0
DO 160 IB = 1, IBEDMAX

IBEDDEP(IB) = 0
160 CONTINUE
* Selection of beds with young plants that are preferred for
* egg deposition

DO 170 IB = 1, IBEDMAX
IF (LAIBED(IB) .LE.LAIPREF) THEN
IBEDPREF = IBEDPREF + 1
IBEDDEP (IBEDPREF) = IB
ENDIF
170 CONTINUE

DO 180 INEWBAT = 1, (IBATOUT+IBATOUTI)

* If there are no young plants in the greenhouse, females
* have no preference for oviposition in specific beds
IF (IBEDPREF.EQ.0) THEN
IPATDAT (1, IPATCUM-INEWBAT+1) = IDRWLOT (1, IBEDMAX)
* If there are young plants in the greenhouse, females
* prefer plants with a LAI lower or equal than LAIPREF.
ELSE
IPATDAT (1, IPATCUM-INEWBAT+1) =
S IBEDDEP (IDRWLOT (1, IBEDPREF) )
ENDIF
* Location of deposited egg batch in bed is random
IPATDAT (2, IPATCUM- INEWBAT+1) = IDRWLOT (1, IROWMAX)
IPATDAT (3, IPATCUM- INEWBAT+1) = IDRWLOT (1, IPPRMAX)
180 CONTINUE
ENDIF
ENDIF
RETURN

END
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SUBROUTINE RESET

Purpose: Reset locations of infected larvae in INFOLIL array.

FORMAL PARAMETERS: (I=input,O=output,C=control,IN:init,T:time)

name type meaning (unit)

IPLUP T4 Pointer for infected larvae with highest rank number

(-)

TPLLOW I4 Pointer for infected larvae with lowest rank number

(-)

INFOLIL I4 Array containing co-ordinates of infected larvae (-)

Fatal error checks: none
warnings: none
Subroutines called: none

File usage: none

SUBROUTINE RESET (IPLUP, IPLLOW, INFOLIL)

PARAMETER (IPOINM = 1000)

INTEGER IPLUP, IPLLOW, INFOLIL, IEMP, IL
DIMENSION INFOLIL (6, IPOINM)

SAVE

Determining infected larvae in living infected larvae array

with lowest IPL number
DO 10 IL = IPLUP,1,-1

IF (INFOLIL(5,IL).NE.0) IPLLOW = IL
CONTINUE

Reset rank number of living infected larvae
DO 20 IL = 1,IPLUP-IPLLOW+1
INFOLIL(1,IL) = INFOLIL (1, IPLLOW+IL-1)
INFOLIL (2,IL) = INFOLIL (2, IPLLOW+IL-1)

(
INFOLIL (3, IL) = INFOLIL(3, IPLLOW+IL-1)
INFOLIL (4,IL) = INFOLIL(4,IPLLOW+IL-1)
INFOLIL (5, IL) = INFOLIL(S5,IPLLOW+IL-1)
INFOLIL(6,IL) = INFOLIL(6,IPLLOW+IL-1)
CONTINUE

Reset pointer in order to be able to overwrite old locations

IEMP = IPLUP - IPLLOW + 2

Reset data of empty array numbers
DO 30 IL = IEMP, IPLUP

INFOLIL(1,IL) = 0
INFOLIL(2,IL) = 0
INFOLIL(3,IL) = 0
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]

INFOLIL (4, IL)
INFOLIL(5,IL)

INFOLIL(6,IL) = O
30 CONTINUE
* Reset pointers of infected larvae array
IPLUP = IPLUP - IPLLOW + 1
IPLLOW = 1
RETURN

END
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FUNCTION IDRWLOT *

Purpose: Random drawing of integer value between minimum and *

maximum value.

FORMAL PARAMETERS: (I=input,O=output,C=control,IN=init, T=time) *
name type meaning (unit) class *
- - e e —— e e *
IDRWLOT I4 Stochastically chosen number between minimum and *
maximum value (-) o *

IMIN 14 Help variable for drawing procedure (-) *
IMAX 14 Help variable for drawing procedure (-) I *
*

Fatal error checks: IMAX-IMIN < 0 *
IMAX < 0 *

warnings: none *

Subroutines called: none
File usage: none

FUNCTION IDRWLOT (IMIN, IMAX)

INTEGER IMIN, IMAX, IDIFF
SAVE

IF (((IMAX - IMIN) .LT.0) .OR. (IMAX.LT.0)) THEN
STOP' IDRWLOT ERROR'
ENDIF

IF (IMIN.EQ.O.AND.IMAX.EQ.0) THEN
IDRWLOT = O
ELSE
TF (IMIN.GT.0) IDIFF = IMAX - IMIN + 1

IF (IMIN.LT.O.AND.IMAX.GT.0) IDIFF = IMAX - IMIN + 1
IF (IMIN.LE.O.AND.IMAX.EQ.0) IDIFF = -IMIN
IF (IMIN.EQ.O.AND.IMAX.GT.0) IDIFF = IMAX
IDRWLOT = INT(UNIFL()*IDIFF) + IMIN
ENDIF )
RETURN

END
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* SUBROUTINE NEWINF

* Purpose: Determination of dying locations of newly infected

* larvae

*

* FORMAL PARAMETERS: (I=input, O=output, C=control, IN=init, T=time)

* name type meaning (unit) class

* - e e e e e e

* IPLUP I4 Pointer for infected larvae with highest rank number

* (-) I
* ILIL I4 Help variable for determination of dying location of

* newly infected larvae (-) I
* IPSOURCE

* I4 Number of contaminated leaves in larval foraging

* domain (#) I

* ICLVSNR I4 Array containing rank numbers of contaminated leaves

* per larval foraging domain (-)

* INSTAR I4 Instar of larvae (-) I
* IP I4 Pointer for patch number (-) I
* IPATDAT I4 Array containing co-ordinates of patches in

* greenhouse (-) I
* ILPP I4 Number of leaves per plant in patch (#) I
* IACTRAD I4 Action radius of infected larvae (# plants) I
* IROWMAX I4 Maximum number plant rows in bed (#) I
* IPPRMAX I4 Maximum number of plants per row in bed (#) I
* THORDIST

* I4 Array containing the shape and location of larval

* foraging domains (# plants) I
* VERTDIST

* R4 Fraction larvae per canopy layer (-) I
* INFOLIL I4 Array containing co-ordinates of infected larvae (-) O
* INFOCLVS

* I4 Array containing co-ordinates of contaminated leaves

* (=) o

* Fatal error checks: IPLUP > IPOINM

* warnings: none

* Subroutines or functions called:

* IDRWLOT, IDRWLEAF, RESET

* File usage: none

SUBROUTINE NEWINF (IPLUP, ILIL, IPSOURCE, ICLVSNR,

S INSTAR, IP, IPATDAT, ILPP, IACTRAD,
$ IROWMAX, IPPRMAX, THORDIST, VERTDIST,
S INFOLIL, INFOCLVS)

PARAMETER (IPOINM = 1000)
PARAMETER (IPMAX = 200)
PARAMETER (ICLVSMAX = 400)




$
S
$

$
$

INTEGER IPLUP, INFOLIL, IPSOURCE, INFOCLVS, ILIL, ICLVSNR,

ISOURCE, INSTAR, IP, IL, IPATDAT, ILPP, IACTRAD,
IROWMAX, IPPRMAX, THORDIST, IROWLOW, IROWUP, IPPRLOW,
IPPRUP

REAL VERTDIST

DIMENSION INFOLIL (6,IPOINM), INFOCLVS (5, IPOINM),
ICLVSNR(IPMAX,ICLVSMAX),IPATDAT(B,IPMAX),ILPP(IPMAX),
IHORDIST (4,5),VERTDIST(3,5) A
SAVE

Loop over newly infected larvae
DO 10 IL = 1,ILIL
Pointer for living infected larvae array is raised with 1

IPLUP = IPLUP + 1

IF (IPLUP.GT.IPOINM) THEN
STOP'maximal number of living infected larvae reached!'
ENDIF

Determination of dying location of infected larvae by horizontal
transmission
IF (IPSOURCE.GT.0) THEN
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Contaminated leaf that is source of infection of newly infected

larvae by horizontal transmission is determined randomly

ISOURCE = IDRWLOT (1, IPSOURCE)

Row and plant per row co-ordinate of source
INFOLIL (2, IPLUP) = INFOCLVS (2, ICLVSNR (IP, ISOURCE) )
INFOLIL (3, IPLUP) = INFOCLVS (3, ICLVSNR (IP, ISOURCE))

Deviation range of newly infected larvae from source
TROWLOW MAX (1, INFOLIL (2, IPLUP) - IACTRAD,

IPATDAT (2,IP) - IHORDIST (4, INSTAR))
IROWUP = MIN(IROWMAX, INFOLIL(2,IPLUP) + IACTRAD,

IPATDAT (2,IP) + IHORDIST (3,INSTAR))
IPPRLOW = MAX(1,INFOLIL(3,IPLUP) - IACTRAD,
IPATDAT (3,IP) - IHORDIST(1,INSTAR))

IPPRUP = MIN(IPPRMAX,INFOLIL(3,IPLUP) + IACTRAD,
IPATDAT (3,IP) + IHORDIST(2,INSTAR))

Dying location of newly infected larvae
INFOLIL (1, IPLUP) INFOCLVS (1, ICLVSNR (IP, ISOURCE) )
INFOLIL (2, IPLUP) = IDRWLOT (IROWLOW, IROWUP)
INFOLIL (3, IPLUP) = IDRWLOT (IPPRLOW, IPPRUP)
INFOLIL (4, IPLUP) = IDRWLEAF (ILPP (IP) , INSTAR, VERTDIST)
)
)

INFOLIL (5, IPLUP) = INSTAR
INFOLIL (6, IPLUP
ENDIF

= IP

Determination of dying location of larvae infected by vertical
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* transmission
IF (IPSOURCE.EQ.-99) THEN
* Row and plant per row co-ordinate of source
INFOLIL (2, IPLUP) IPATDAT (2,1IP)
INFOLIL (3, IPLUP) IPATDAT (3, IP)

]

* Deviation range of newly infected larvae from source
IROWLOW = MAX (1, INFOLIL(2,IPLUP) - IACTRAD)
IROWUP = MIN(IROWMAX, INFOLIL (2,IPLUP) + IACTRAD)
IPPRLOW = MAX (1, INFOLIL(3,IPLUP) - IACTRAD)
IPPRUP = MIN(IPPRMAX, INFOLIL(3,IPLUP) + IACTRAD)

* Dying location of newly infected larvae.
INFOLIL (1, IPLUP) IPATDAT(1,IP)
INFOLIL (2, IPLUP) IDRWLOT (IROWLOW, IROWUP)

INFOLIL(3,IPLUP) = IDRWLOT (IPPRLOW, IPPRUP)
INFOLIL (4, IPLUP) = IDRWLEAF (ILPP(IP),INSTAR,VERTDIST)
INFOLIL(5,IPLUP) = INSTAR
INFOLIL(6,IPLUP) = IP
ENDIF
* larvae infected by virus application

IF (IPSOURCE.EQ.0) THEN
. Row and plant per row co-ordinate of source
INFOLIL(2,IPLUP) = IPATDAT(2,IP)
INFOLIL (3, IPLUP) IPATDAT (3,IP)

* Deviation range of newly infected larvae from source
IROWLOW = MAX (1, INFOLIL(2,IPLUP) - IHORDIST (4,INSTAR))
IROWUP = MIN(IROWMAX, INFOLIL (2, IPLUP) +
$ IHORDIST (3, INSTAR) )
IPPRLOW = MAX (1, INFOLIL(3,IPLUP) - IHORDIST (1, INSTAR))
IPPRUP = MIN(IPPRMAX, INFOLIL(3,IPLUP) +
S IHORDIST (2, INSTAR) )
* Dying location of newly infected larvae.
INFOLIL (1, IPLUP) = IPATDAT(1,IP)
INFOLIL(2,IPLUP) = IDRWLOT (IROWLOW, IROWUP)
INFOLIL (3, IPLUP) = IDRWLOT (IPPRLOW, IPPRUP)
INFOLIL(4,IPLUP) = IDRWLEAF (ILPP(IP), INSTAR,VERTDIST)
INFOLIL (5, IPLUP) = INSTAR
INFOLIL (6, IPLUP) = IP
ENDIF
* Check for necessity of reset

IF (IPLUP.GE. (IPOINM)) THEN
CALL RESET (IPLUP, IPLLOW, INFOLIL)
ENDIF
10 CONTINUE




RETURN
END
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* SUBROUTINE NEWDIL

* Purpose: Transfer of larvae from living infected larvae array

* to contaminated leaves array.

*

* FORMAL PARAMETERS: (I=input,O=output, C=control, IN=init, T=time)

* name type meaning (unit) class

kN e
* ICLVSNR I4 Array containing rank numbers of contaminated leaves
* per larval foraging domain (-) I
* IPLUP I4 Pointer for infected larvae with highest rank number

* (-) I
* INSTAR I4 Instar of larvae (-) I
* IP I4 Pointer for patch number (-) I

* PHDPROD R4 Array containing polyhedra production per larval

* instar (#) I
* IPCLVS 1I4 Pointer for number of contaminated leaves (-) e}
* ICAD I4 Number of cadavers in greenhouse (#) ¢}
* INFOLIL I4 Array containing co-ordinates of infected larvae (-) O
* INFOCLVS
* I4 Array containing co-ordinates of contaminated leaves
* (-) o
* PHDLARTOT
* R4 Total number of polyhedra produced in larvae (#) 0]
*
* Fatal error checks: IPCLVS > IPOINM
* warnings: none
* Subroutines called: none
* File usage: none
K o e e e e

SUBROUTINE NEWDIL (ICLVSNR, IPLUP, INSTAR, IP, PHDPROD,

$ IPCLVS, ICAD, INFOLIL, INFOCLVS, PHDLARTOT)
PARAMETER (IPOINM = 1000)
INTEGER ICLVSNR, IPLUP, INFOLIL, INFOCLVS, IPCLVS, IL, INSTAR, IP,
S IDOUBLE, IOLDLAR, ICAD

REAL PHDLARTOT, PHDPROD

DIMENSION INFOLIL (6, IPOINM) , INFOCLVS (5, IPOINM), PHDPROD (5)

SAVE
* Loop over newly contaminated leaf

DO 30 ID = 1,ICLVSNR
* Determining oldest infected larvae of actual patch in
* living infected larvae array (larvae with lowest IPL number) .

DO 10 IL = IPLUP,1,-1
IF ((INFOLIL(5, IL) .EQ.INSTAR) .AND,
$ (INFOLIL(6,IL) .EQ.IP)) THEN
IOLDLAR = IL
ENDIF




10 CONTINUE
* Check for more than one cadaver per leaf
IDOUBLE = 0 '
DO 20 IL = 1,IPCLVS
IF ((INFOCLVS(I,IL).EQ.INFOLIL(l,IOLDLAR)).AND.
(INFOCLVS(Z,IL).EQ.INFOLIL(2,IOLDLAR)).AND.
(INFOCLVS(3,IL).EQ.INFOLIL(3,IOLDLAR)).AND.
(INFOCLVS (4, IL .EQ.INFOLIL (4, IOLDLAR))) THEN
IDOUBLE = 1
ENDIF
20 CONTINUE
* Cadaver pointer is raised with 1
ICAD = ICAD + 1
IF (IDOUBLE.NE.1) THEN
* Contaminated leaves pointer is raised with 1
IPCLVS = IPCLVS + 1
IF (IPCLVS.GT.IPOINM) THEN
STOP 'maximal number of contaminated leaves reached!'
ENDIF
* Larval position is written to cadaver array
INFOCLVS (1, IPCLVS) = INFOLIL (1, IOLDLAR)
INFOCLVS (2, IPCLVS) = INFOLIL (2, IOLDLAR)
INFOCLVS (3, IPCLVS) = INFOLIL (3, IOLDLAR)
INFOCLVS (4, IPCLVS) = INFOLIL (4, IOLDLAR)
INFOCLVS (5, IPCLVS) = INFOLIL (5, IOLDLAR)
ENDIF
* Larval position is cleared from living infected larvae array
INFOLIL (1, IOLDLAR) = O
INFOLIL (2, IOLDLAR) = O
INFOLIL (3, IOLDLAR) = 0
INFOLIL (4, IOLDLAR) = 0
INFOLIL (5, IOLDLAR) = O
INFOLIL (6, IOLDLAR) = O
* The number of polyhedra produced in larvae is raised with the
* newly produced polyhedra
PHDLARTOT = PHDLARTOT + PHDPROD (INSTAR)
30 CONTINUE

RETURN
END
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K o o e *
* SUBROUTINE CONTROL *
* *

* Purpose: Every'timestep the number of infected larvae in the boxcars *

* and in the living infected larvae array are compared for *
* every instar. If these numbers are not equal the program is *
* terminated. *
* *
* FORMAL PARAMETERS: (I=input, O=output, C=control, IN=init, T=time) *
* name type meaning (unit) class *
* e e e e e e e e e *
* ITOTAL I4 Help variable for population totals (#) I *
* IPLUP I4 Pointer for infected larvae with highest rank number *
* (-) T
* INFOLIL I4 Array containing co-ordinates of infected larvae (-) I *
* INSTAR I4 Instar of larvae (-) I =
* *
* Fatal error checks: none *
* warnings: none | *
* Subroutines called: none *
* File usage: none *
A e e e e e e e e e o e *

SUBROUTINE CONTROL (ITOTAL, IPLUP, INFOLIL, INSTAR)

PARAMETER (IPOINM = 1000)
INTEGER ITOTAL, IPLUP, INFOLIL, IL, INSTAR, ITOTLIL
DIMENSION INFOLIL (6, IPOINM)

SAVE
* Determination of number of infected larvae in living infected larvae
* array

ITOTLIL = O
DO 10 IL = IPLUP,1,-1
IF (INFOLIL(5,IL).EQ.INSTAR) THEN
ITOTLIL = ITOTLIL + 1

ENDIF

10 CONTINUE
* No error message because infected larvae can die by attrition
* in current model version.

IF (ITOTLIL.NE.ITOTAL) THEN
* Possibility to send error message to sceen

ENDIF

RETURN

END
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FUNCTION IDRWLEAF *

Purpose: Stochastic determination of dying location of infected *

larvae on leaf weighed by vertical larvae distribution in *

crop.
*
Fatal error checks: ILPP < O *
FORMAL PARAMETERS: (I=input,O=output, C=control, IN=init, T=time) *
name type meaning (unit) class *
R e ee_ e *
IDRWLEAF *
T4 Stochastically chosen leaf number (-) o *
ILPP I4 Number of leaves per plant in patch (#) I *
INSTAR I4 Instar of larvae (-) I *
VERTDIST *
R4 Fraction larvae per canopy layer (-) I *
*
Fatal error checks: ILPP < O *
warnings: none *
Subroutines called: none *
File usage: none *

FUNCTION IDRWLEAF (ILPP,INSTAR,VERTDIST)

INTEGER ILPP, INSTAR, ILAYER1, ILAYER2, ILAYER3, IL, IHIT

REAL VERTDIST, SUMW, CUM, LOT
DIMENSION VERTDIST(3,5)
SAVE

IF ((ILPP).LE.0) STOP'IDRWLEAF error!'

Calculation of number of leaves per canopy layer
ILAYER1 = INT(ILPP/3)

ILAYER2 INT (2*ILPP/3) - ILAYERL

ILAYER3 ILPP - ILAYER2 - ILAYERI1

|

Weighed sum of number of leaves per leaf layer times fraction of
larvae per canopy layer

SUMW = ILAYER1*VERTDIST(1,INSTAR) + ILAYER2*VERTDIST (2, INSTAR) +
$ ILAYER3*VERTDIST(3,INSTAR)

drawing lot
LOT = UNIFL () *SUMW

CUM = 0.
IHIT = O
Check for a hit in lowest canopy layer
DO 10 IL = 1,ILAYERL
CUM = CUM + VERTDIST(1,INSTAR)
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IF (CUM.GE.LOT.AND.IHIT.EQ.0) THEN
IDRWLEAF = IL

IHIT = 1
ENDIF
10 CONTINUE
* Check for a hit in middle canopy layer

DO 20 IL = ILAYER1+1,ILAYER1+ILAYER2
CUM = CUM + VERTDIST(2,INSTAR)
IF (CUM.GE.LOT.AND.IHIT.EQ.0) THEN
IDRWLEAF = IL

IHIT = 1
ENDIF
20 CONTINUE
* Check for a hit in upper canopy layer

DO 30 IL = ILAYER1+ILAYER2+1,ILAYER1+ILAYER2+ILAYER3
CUM = CUM + VERTDIST (3, INSTAR)
IF (CUM.GE.LOT.AND.IHIT.EQ.0) THEN
IDRWLEAF = IL
IHIT = 1
ENDIF
30 CONTINUE

RETURN
END
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SUBROUTINE HARV

Purpose: Simulation of harvest of crop. The crop as well as the

uninfected and infected larvae and cadavers are removed.

New cuttings are planted.

FORMAL PARAMETERS:

name type meaning (unit) class
IHARV I4 Flag for harvest (-) I
INFOLIL I4 Array containing co-ordinates of infected larvae (-) O
IPLUP 14 Pointer for infected larvae with highest rank number
(=) o]
IPCLVS I4 Pointer for number of contaminated leaves (-) 0
INFOCLVS
I4 Array containing co-ordinates of contaminated leaves
(=) 0
IPLLOW I4 Pointer for infected larvae with lowest rank number
(-) o]

Fatal error

warnings:

Subroutines

File usage:

(I=input,0=output,C=control,IN=init,T=time)

checks: none
none
called: none
none

SUBROUTINE HARV (IHARV,

S INFOLIL,IPLUP,IPCLVS,INFOCLVS,IPLLOW)
PARAMETER (IPOINM = 1000)
INTEGER IPLUP,INFOLIL,INEWNR,IL,IPCLVS,INFOCLVS,IPLLOW

DIMENSION INFOLIL (6, IPOINM),

SAVE

INFOCLVS (5, IPOINM)

Set locations of infected larvae in harvested bed to zero
DO 10 IL = 1,IPLUP

IF

(INFOLIL(1,IL).EQ.IHARV) THEN
INFOLIL(1,IL) = 0O
INFOLIL(2,IL) =
INFOLIL(3,IL) =
INFOLIL (4, IL)
INFOLIL(5,IL) =
INFOLIL (6, IL)

It
o O O O ©oO

ENDIF
CONTINUE

Reset locations of infected larvae in other beds

INEWNR

=1

DO 20 IL = 1,IPLUP

IF

(INFOLIL(1,IL).GT.0) THEN
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20

30

40

50

INFOLIL (1, INEWNR)
INFOLIL (2, INEWNR)
INFOLIL (3, INEWNR)
INFOLIL (4, INEWNR)
INFOLIL (5, INEWNR)
INFOLIL (6, INEWNR)

INEWNR = INEWNR +
ENDIF
CONTINUE
DO 30 IL = INEWNR, IPOINM

INFOLIL (1, IL)
INFOLIL (2, IL)
INFOLIL (3, IL)
INFOLIL (4, IL)
INFOLIL (5, IL)
INFOLIL (6, IL)

o O O O O o

CONTINUE

INFOLIL (1, IL)
INFOLIL (2, IL)
INFOLIL (3, IL)
INFOLIL (4, 1L)
INFOLIL(5, IL)
INFOLIL(6,IL)

Reset pointers of infected larvae array

IPLLOW
IPLUP

Set locations of cadavers in harvested bed to zero

1
INEWNR -

1

DO 40 IL = 1,IPCLVS

IF

END

(INFOCLVS (1, IL)
INFOCLVS (1, IL)
INFOCLVS (2, IL)
INFOCLVS (3, IL
INFOCLVS (4, IL
INFOCLVS (5, IL
IF

o O O o o

)
)
)

CONTINUE

.EQ.IHARV) THEN

Reset locations of cadavers in other beds

INEWNR

1

DO 50 IL = 1,IPCLVS

IF

END

(INFOCLVS (1, IL) .GT.0)

INFOCLVS (1, INEWNR)
INFOCLVS (2, INEWNR)
INFOCLVS (3, INEWNR)
INFOCLVS (4, INEWNR)
INFOCLVS (5, INEWNR)

INEWNR
iF

INEWNR +

CONTINUE

Reset pointers of contaminated leaves array

IPCLVS

INEWNR - 1

1

THEN
INFOCLVS (1, IL)
INFOCLVS (2, IL)
INFOCLVS (3, IL)
INFOCLVS (4, IL)
INFOCLVS (5, IL)
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DO 60 IL = INEWNR,IPOINM
INFOCLVS (1, 1IL) =
INFOCLVS (2, IL)
INFOCLVS (3, IL)
INFOCLVS (4, IL) =
INFOCLVS (5, IL)

CONTINUE

It
o O O O O

RETURN
END
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* SUBROUTINE DRWMORT

* Purpose: Stochastic determination of infection process responsible

* for the death of larvae, weighed by the relative infection
* rates of these processes (attrition, horizontal

* transmission and infection by ingestion of sprayed

* polyhedra) .

*

* FORMAL PARAMETERS: (I=input,O=output, C=control, IN=init, T=time)

* name type meaning (unit) class
* oo e e
* IN I4 Number of boxcars per boxcar train (#) I
* RLATR R4 Attrition difference per timestep (#) I

* RLINFS R4 Infection difference by ingestion of sprayed

* polyhedra of larvae in boxcar per timestep (#) I
* RLINFHT R4 Infection difference by horizontal transmission of

* larvae in boxcar per timestep (#) I

* IREDATR I4 Attrition difference of individuals in boxcar per

* timestep (#) o
* IREDINFRS

* I4 Infection difference by ingestion of sprayed

* polyhedra of individuals in boxcar per timestep (#) o]

* TREDINFRHT
* I4 Infection difference by horizontal transmission of

* individuals in boxcar per timestep (#) o)

* Fatal error checks: none
* warnings: none
* Subroutines called: none

* File usage: none

SUBROUTINE DRWMORT (IN,RLATR, RLINFS, RLINFHT,
$ IREDATR, IREDINFRS, IREDINFRHT)

INTEGER IN, IREDATR, IREDINFRHT, IREDINFRS, I, IATR,

S INFRS, INFRHT, IHIT
REAL RLATR, RLINFS, RLINFHT, CUM, LOT, SUMW
SAVE
* IREDATR, IREDINFRS and IREDINFRHT are both input as output
* variabels and have to be renamed and initialized.

IATR = IREDATR
INFRS = IREDINFRS
INFRHT = IREDINFRHT
IREDATR = 0
IREDINFRS = O
IREDINFRHT = 0O

* Loop over larvae in boxcar




DO 10 I = 1,IN

* Calculation of weighed sum of real value of mortality rate

* per mortality process multiplied by original reduction
SUMW = RLATR*IATR+RLINFS*INFRS+RLINFHT*INFRHT

* drawing lot
LOT = SUMW*UNIFL ()
CUM = O.
IHIT = O
* Check for a hit for attrition

CUM = CUM + RLATR*IATR
IF (LOT.LE.CUM.AND.IATR.NE.O) THEN
IREDATR = IREDATR + 1

IATR = IATR - 1
IHIT = 1
ENDIF
* Check for a hit for infection by ingestion of sprayed polyhedra

CUM = CUM + RLINFS*INFRS
IF (LOT.LE.CUM.AND.LOT.GT.IATR*RLATR.AND.
S IHIT.NE.1) THEN
IREDINFRS = IREDINFRS + 1
INFRS = INFRS - 1
IHIT = 1
ENDIF

* Check for a hit for infection by horizontal transmission

CUM = CUM + RLINFHT*INFRHT
IF (LOT.LE.CUM.AND.LOT.GT. (RLATR*IATR + RLINFS*INFRS)
S .AND.IHIT.NE.1) THEN

IREDINFRHT = IREDINFRHT + 1
INFRHT = INFRHT - 1
IHIT = 1

ENDIF

10 CONTINUE

RETURN
END
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* SUBROUTINE ACCOUNT

* Purpose: Calculation of population totals in and outside
* patches.

* FORMAL PARAMETERS: (I=input, O=output, C=control, IN=init, T=time)

* name type meaning (unit) class
* oo e oo
* IPATCUM I4 Cumulative number of patches in greenhouse (#) I
* IPATEGG I4 Number of egg batches in boxcar train per patch (i#) I
* IPATL1 I4 Number of L1l larvae in boxcar train per patch (#) I
* IPATL2 I4 Number of L2 larvae in boxcar train per patch (#) I
* IPATL3S I4 Number of susceptible L3 larvae in boxcar train per

* patch (#) I
* IPATL3R I4 Number of resistant L3 larvae in boxcar train per

* patch (#) I
* IPATL4S I4 Number of susceptible L4 larvae in boxcar train per

* patch (#) I
* IPATL4R I4 Number of resistant L4 larvae in boxcar train per

* patch (#) I
* IPATL5S I4 Number of susceptible L5 larvae in boxcar train per

* patch (#) I
* IPATL5R I4 Number of resistant L5 larvae in boxcar train per

* patch (#) I
* IPATEGGI

* I4 Number of contaminated egg batches in boxcar train

* per patch (#) I
* IPATL1I I4 Number of infected L1 larvae in boxcar train per

* patch (#) I
* IPATL2I I4 Number of infected L2 larvae in boxcar train per

* patch (#) I
* IPATL3I I4 Number of infected L3 larvae in boxcar train per

* patch (#) I
* IPATL4I I4 Number of infected L4 larvae in boxcar train per

* patch (#) I
* ITIL5S 1I4 Number of sublethally infected L5 larvae per boxcar

* (#) I
* ITILSD 1I4 Number of lethally infected L5 larvae per boxcar (#) I
* ITOTPUP I4 Number of pupea in boxcar train (#) I
* ITOTMAL I4 Number of male moths in boxcar train (#) I
* ITOTFEM I4 Number of female moths in boxcar train (#) I
* ITOTPUPI

* I4 Number of sublethally infected pupea in boxcar train

* (#) I
* ITOTMALI

* I4 DNumber of sublethally infected male moths in boxcar

* train (#) I
* ITOTFEMI

* I4 DNumber of sublethally infected female moths in
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boxcar train (#) I *

IPATLOW I4 Pointer for lowest patch number containing larvae (-) O *
*

Fatal error checks: none *
warnings: none *
Subroutines called: *
from TTUTIL: OUTDAT *
File usage: none *

SUBROUTINE ACCOUNT (IPATCUM, IPATEGG, IPATL1, IPATL2, IPATL3S,
IPATL3R, IPATL4S, IPATL4R, IPATL5S, IPATLSR,
IPATEGGI, IPATL1I,IPATL2I, IPATL3I, IPATL4TI,
ITIL5S,ITIL5D, ITOTPUP, ITOTMAL, ITOTFEM,
ITOTPUPI, ITOTMALI, ITOTFEMI,
IPATLOW)

wr »r »r »r n

PARAMETER (IPMAX = 200)

INTEGER IP,ITOT,ITOTIP,ITOTOP,ILIP, IPATEGG, IPATL],
IPATL2, IPATL3S, IPATL3R, IPATL4S, IPATL4R, IPATLSS,
IPATLSR, IPATEGGI, IPATL1I, IPATL2I, IPATL3I, IPATL4T,
ITIL5S, ITILSD, ITOTPUP, ITOTMAL, ITOTFEM, ITOTPUPI,
ITOTMALI, ITOTFEMI, ITOTEGG, ITOTL1, ITOTL2, ITOTL3,
ITOTL4, ITOTL5, ITOTEGGI, ITOTL1I, ITOTL2I, ITOTL3T,
ITOTL4I, ITOTL5S, ITOTL5D

DIMENSTON IPATEGG (IPMAX),IPATL1(IPMAX), IPATL2 (IPMAX),

v r N »r »r

$ IPATL3S (IPMAX) , IPATL3R (IPMAX) , IPATL4S (IPMAX) ,
$ IPATLAR (IPMAX) , IPATLSS (IPMAX) , IPATLSR (IPMAX) ,
$ IPATEGGI (IPMAX) , IPATL1I (IPMAX) , IPATL2I (IPMAX) ,
$ TIPATL3I (IPMAX) , IPATL4I (IPMAX) , ITIL5S (IPMAX),
$ ITIL5D (IPMAX)

SAVE

Initialization cumulative number eggs and larvae in patches and number
of damaged plants

ITOTIP = O

ITOTEGG = O

ITOTL1 =
ITOTL2 =
ITOTL3 =
ITOTL4 =
ITOTL5 =
ITOTEGGI = O
ITOTL1I =
ITOTL2TI =
ITOTL3I =
ITOTL4I =
ITOTL5S =
ITOTL5D =

o O O O ©

o O O O O O

Calculation of total living uninfected and infected individuals
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* in patches and the number of damaged plants per patch
DO 10 IP = IPATLOW, IPATCUM ,
ILIP = IPATEGG(IP)+IPATL1(IP)+IPATL2 (IP)+IPATL3S(IP)+

$ IPATL3R(IP)+IPATL4S (IP)+IPATLAR (IP)+IPATL5S (IP) +
$ IPATLS5R(IP) +IPATEGGI (IP)+IPATL1I (IP)+IPATL2I (IP)+
$ IPATL3I(IP)+IPATL4I (IP)+ITIL5S(IP)+ITIL5D(IP)

ITOTIP = ITOTIP + ILIP

ITOTEGG = ITOTEGG + IPATEGG (IP)

ITOTL1 = ITOTL1l + IPATLL(IP)

ITOTL2 = ITOTL2 + IPATL2 (IP)

ITOTL3 = ITOTL3 + IPATL3S(IP) + IPATL3R(IP)
ITOTL4 = ITOTL4 + IPATL4S(IP) + IPATL4R(IP)
ITOTL5 = ITOTL5 + IPATL5S(IP) + IPATLSR(IP)
ITOTEGGI = ITOTEGG + IPATEGGI (IP)

ITOTL1I = ITOTL1I + IPATL1I(IP)

ITOTL2I = ITOTL2I + IPATL2I (IP)

ITOTL3I = ITOTL3I + IPATL3I(IP)

ITOTL4I = ITOTL4I + IPATL4I(IP)
ITOTL5S = ITOTLS5S + ITILSS(IP)
ITOTLSD = ITOTLS5D + ITILSD(IP)
10 CONTINUE
* Calculation of total living uninfected and infected individuals
* outside patches
ITOTOP = 0
ITOTOP = ITOTPUP + ITOTMAL + ITOTFEM + ITOTPUPI + ITOTMALI +
s ITOTFEMI
* Calculation of total living individuals in and outside patches

ITOT = ITOTIP + ITOTOP

* Patches without larvae don't have to be simulated anymore. If

* a patch is empty, the IPATLOW flag is set to 1.

ILIP = IPATEGG (IPATLOW)+IPATL1 (IPATLOW) +IPATL2 (IPATLOW) +
IPATL3S (IPATLOW) +IPATL3R (IPATLOW) +IPATL4S (IPATLOW) +
IPATLAR (IPATLOW) +IPATL5S (IPATLOW) +IPATLS5R (I PATLOW) +
IPATEGGI (IPATLOW) +IPATL1I (IPATLOW) +IPATL2I (IPATLOW) +
IPATL3I (IPATLOW) +IPATLAI (IPATLOW) +ITILSS (IPATLOW) +
ITILSD (IPATLOW)

Lr r »r »r »r

* Patch is empty and will no longer be sgimulated
IF (ILIP.EQ.O0.AND.IPATLOW.LE.IPATCUM) THEN
IPATLOW = IPATLOW + 1
ENDIF

* Output of population totals
CALL OUTDAT (2,20, 'ITOTEGG',REAL (ITOTEGG) )
CALL OUTDAT (2,20, 'ITOTL1l',REAL(ITOTL1))
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CALL OUTDAT (2,20, 'ITOTL2',REAL (ITOTL2))
CALL OUTDAT(2,20,‘ITOTL3‘,REAL(ITOTL3))
CALL OUTDAT(2,20,'ITOTL4‘,REAL(ITOTL4))
CALL OUTDAT (2,20, 'ITOTLS',REAL (ITOTLS) )
CALL OUTDAT (2,20, 'ITOTPUP',REAL (ITOTPUP))
CALL OUTDAT(2,20,’ITOTMAL‘,REAL(ITOTMAL))
CALL OUTDAT(Z,ZO,‘ITOTFEM‘,REAL(ITOTFEM))
CALL OUTDAT(2,20,‘ITOTEGGI’,REAL(ITOTEGGI))
CALL OUTDAT(2,20,‘ITOTLlI',REAL(ITOTLlI))
CALL OUTDAT(2,20,'ITOTL2I',REAL(ITOTL2I))
CALL OUTDAT(2,20,’ITOTLBI',REAL(ITOTLBI))
CALL OUTDAT(2,20,'ITOTL4I‘,REAL(ITOTL4I))
CALL OUTDAT(2,20,'ITOTLSS‘,REAL(ITOTLSS))
CALL OUTDAT(2,20,'ITOTLSD',REAL(ITOTLSD))
CALL OUTDAT(2,20,‘ITOTPUPI',REAL(ITOTPUPI))
CALL OUTDAT(Z,ZO,’ITOTMALI',REAL(ITOTMALI))
CALL OUTDAT(2,20,'ITOTFEMI',REAL(ITOTFEMI))
CALL OUTDAT(2,20,'ITOTIP',REAL(ITOTIP))
CALL OUTDAT (2,20, 'ITOTOP',REAL (ITOTOP))
CALL OUTDAT (2,20, 'ITOT',REAL (ITOT))

RETURN
END




I-120

* SUBROUTINE DEPOSIT

* Purpose: Simulation of egg batch size and fraction of infected

* eggs in contaminated egg batch.

*

* FORMAL PARAMETERS: (I=input,O=output,C=control,IN=init, T=time)

* name type meaning (unit) class

K m e e e e e —

* IBATOUT I4 Number of batches in oviduct flowing out IBATCH

* boxcar train (#) I
* IBATOUTI

* I4 Number of batches in infected oviduct flowing out

* IBATCHI boxcar train (#) I
* FX R4 Cumulative frequency distribution of egg batch size

* (=) I
* X R4 X-axis of cumulative frequency distribution of egg

* batch size (-) I

* ICBATSIZE

* I4 Critical size of egg batch to be a large egg batch
* (=)

* IPATCUM I4 Cumulative number of patches in greenhouse (#)

* FCBATS R4 Fraction contaminated small eggbatches deposited by
* sublethally infected moths (-) I
* FCBATL R4 Fraction contaminated large eggbatches deposited by

* sublethally infected moths (-) I
* FCEGGS R4 Maximum fraction contaminated eggs in small egg

* batches (-) I
* FCEGGL R4 Maximum fraction contaminated eggs in large egg
* batches (-)

* ISTOCH 1I4 Switch for stochasticy in egg batch size (-)

* IEGG I4 DNumber of eggs per boxcar per patch (#)

O O H H

* IEGGI I4 DNumber of contaminated eggs per boxcar per patch (#)

* Fatal error checks: none
* warnings: none
* Subroutines called: none

* File usage: none

SUBROUTINE DEPOSIT(IBATOUT,IBATOUTI,FX,X,ICBATSIZE,
3 IPATCUM,FCBATS,FCBATL,FCEGGS,FCEGGL,ISTOCH,
$ IEGG, IEGGI)

PARAMETER (IPMAX = 200)

INTEGER IBATOUT, IBATOUTI, IB, IHIT, I, IEGG, IEGGI, INFEGG,
$ IPATCUM, ICBATSIZE, ISTOCH

REAL LOT, FX, X, FCBATS, FCBATL, FCEGGS, FCEGGL

DIMENSION IEGG (IPMAX,0:4),IEGGI(IPMAX,0:4),FX(110),X(110)
SAVE
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Loop over uncontaminated egg batches

DO 20 IB = 1,IBATOUT
Number of eggs in egg batch is determined stochastically from
a negative binomial distribution
IF (ISTOCH.EQ.0) THEN

TEGG (IPATCUM-IB+1,0) = 35
ENDIF
IF (ISTOCH.EQ.1l) THEN

IHIT = O

LOT = UNIFL()
DO 10 I = 1,110
IF ((LOT.LE.FX(I)).AND.(IHIT.EQ.O)) THEN
IEGG (IPATCUM-IB+1,0) = INT (X(I))
IHIT = 1
ENDIF
CONTINUE
ENDIF
CONTINUE

Calculation of contaminated egg batches by vertical transmission.

Small egg batches generally contain only uninfected larvae. If there

are infected larvae in these batches, their number is less than

20% of the egg batch size. Large egg patches often contain one or more
infected larvae. The distribution of number of contaminated eggs over
large egg batches is more ore less uniform (Bianchi et al, 1999).
TCBATSIZE is the critical batch size that determines whether an egg batch

is small

*

*

30

or large. FINFEGG is the maximal fraction of contaminated eggs per batch.
Loop over contaminated egg batches
DO 40 IB = IBATOUT+1, IBATOUT+IBATOUTI
Number of eggs in contaminated egg batch is determined
stochastically from a negative binomial distribution
IF (ISTOCH.EQ.O0) THEN
IEGG (IPATCUM-IB+1,0) = 35
ENDIF
IF (ISTOCH.EQ.1l) THEN
IHIT = O
LOT = UNIFL()
DO 30 I = 1,110
IF ((LOT.LE.FX(I)).AND.(IHIT.EQ.O)) THEN
IEGG (IPATCUM-IB+1,0) = INT(X(I))
IHIT = 1
ENDIF
CONTINUE
ENDIF
Distribution of contaminated eggs in small egg batches.
IF (IEGG(IPATCUM—IB+1,0).LE.ICBATSIZE) THEN
LOT = UNIFL()
Egg batch contains one or more contaminated eggs

IF (LOT.LE.FCBATS) THEN




i -122

40

Number of uninfected and contaminated eggs
INFEGG = NINT (UNIFL()*FCEGGS*IEGG (IPATCUM-IB+1,0))
IF (INFEGG.EQ.0) INFEGG = 1

IEGGI (IPATCUM-IB+1,0) = INFEGG
IEGG (IPATCUM-IB+1,0) = IEGG(IPATCUM-IB+1,0)-INFEGG
ENDIF

Distribution of contaminated eggs in large egg batches.
ELSE
LOT = UNIFL({()
Egg batch contains one or more contaminated eggs
IF (LOT.LE.FCBATL) THEN
Number of uninfected and contaminated eggs
INFEGG = NINT (UNIFL () *FCEGGL*IEGG (IPATCUM-IB+1,0))
IF (INFEGG.EQ.0) INFEGG = 1

IEGGI (IPATCUM-IB+1,0) = INFEGG
IEGG (IPATCUM-IB+1,0) = IEGG(IPATCUM-IB+1,0)-INFEGG
ENDIF
ENDIF
CONTINUE
RETURN

END
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