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[. Introduction
A. What isMCnest?

The Markov chain nest productivity model, or MCnést set of algorithms for integrating the result
of avian toxicity tests with reproductive life-hosy data to project the relative magnitude of cleahi
effects on avian reproduction (Bennett et al. 2B¥nnett and Etterson 2007). MCnest was designed
and optimized for MATLAB ywww.mathworks.cor)) but most users will run a compiled version as a
standalone program that does not require the adsave MATLAB software. The mathematical
foundation of MCnest is in the analysis of Markdwaims, which provides a flexible template for
modeling the variation in avian breeding cycles agispecies.

B. How to use this Manual

This manual is organized into four major sectioBgction | gives some basic background on MCnest
and the justification for its development. Sectibis a quick start guide to running simulations i
MCnest that walks users through several exam@@estion Il describes the MCnest outputs and their
interpretation. Section IV is a complete list sEuinputs that can be modified in MCnest.

C. What does MCnest do?

The purpose of MChest is to quantitatively estimthgerelative change in the number of successfully
fledged broods per female per year of avian spenipesed to a specific pesticide application saenar
The relative change in the number of successfuddsas estimated by comparing model results based
on a defined pesticide application scenario wittogesticide scenario. To express the resultsring

of annual reproductive success, the model estiofatee number of successfully fledged broods per
female is multiplied by the expected number of dleths per successful nest, which is taken from the
literature.

Each model simulation follows the breeding actestof a population of females each day throughout a
breeding season. The breeding activity is desgrilyea series of phases through which the female
transitions (i.e., pair formation, egg laying, ibation, nestling rearing, and waiting periods ptor
starting a new nest attempt). The temporal pati€breeding activity of each female varies due to
differences in the initiation date of the first hatempt and due to a specific probability eachttat

the nest attempt could fail from ecological causesh as predation or weather. When a nest attempt
fails, each female can make a new attempt if tlsetiene remaining in the breeding season, and for
many species, females make a new attempt afterletingpa successful brood. If the simulation
incorporates one or more pesticide applicatioresptsticide exposure may represent an additional
cause of nest failure depending on the types dfqiés effects observed in tests and the timinthef
application relative to the phase of the nestitgnapt for each female. When a nest attempt faiéstd
pesticide exposure, each female may make a nematieéthere is time remaining in the breeding
season and pesticide residues decline to levedisvinald not affect parental well-being. As MCnest
follows each female of the population through theeling season, it tabulates the number of nest
attempts and successful broods (i.e., broods sagrie fledging) per female in the population.

In this basic version of MCnest, our goal has tedmmit the list of model inputs so that the model
applicable to as many species as possible. Wedlawdocused on using model inputs that are rgadil
available from published literature and from toigiclata submitted as part of the current pesticide
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registration process. MCnest is designed to accothate the structure of quantitative dose-response
data from reproduction tests if it becomes avadabl

D. Whyis MCnest needed?

The current pesticide registration process usesmatistic risk quotients (RQ) as the primary netri
for assessing the potential risks of pesticide sypoto avian reproduction. While RQs can be tged
classify the potential risk, they do not quanttig tmagnitude of risk or provide information on
differences in risk among species or pesticideiegipbn scenarios. MCnest offers an approach for
more quantitatively estimating the magnitude ohavieproductive effects when the ultimate goabis t
probabilistically describe the risk of reproducteféects or to estimate the magnitude of effects to
population.

In population modeling, we need to know how a pédi application scenario affects the annual
reproductive success of a species compared tonasgevithout pesticides. Annual reproductive
success, also known as the fecundity rate, isdwfired as the number of fledglings produced per
female in the population over an entire breediragse. It represents the cumulative production of
fledglings during a breeding season, including séing attempts after nest failures and multiple
successful nesting attempts. In MCnest, it caadbenated as the average number of successfully
fledged broods per female per season times thageeumber of fledglings per successful brood.

E. What information is needed to use MCnest?

The basic version of MCnest requires data fromratoaicity tests, avian species life-history pre§
and a pesticide-use scenario that defines the giaunal temporal pattern of exposures. The most
common sources of toxicity data are the resultsiftioree standard avian toxicity tests: 1) theaoudl
LD50 test, 2) the dietary LC50 test, and 3) theadpction test. When available, additional toxicit
data from alternative sources or from alternatnterpretations of standard toxicity tests may kefuls
The selection and use of toxicity data in the masléiscussed in the MCnest Technical Manual.

In the basic version of MCnest, model simulatioresran on avian species of interest (i.e., lifedng
profiles developed for specific species or gengpiecies intended to represent certain life-history
strategies). A series of life-history parametsrsequired for each species of interest. The ceer
select one of the species for which a suite ofuefde-history parameters has been developedtera
new species, or modify the profiles of existingaidate species by directly inputting the list dé4i
history parameters. The use of default speciefigg@nd the creation of new or modified species
profiles are discussed later in the manual.

Finally, MCnest requires that the user define digidg-use scenario. For the basic version of MsEne
this requires, at a minimum, specifying the date{gpplication, the application rate(s), and th#-hfe
of residue degradation on foods relevant to theispef interest. The user also has four options f
how the application rate is converted to the inggstaily dose on the day of each application, whieh
explained later is Section IV.C.

[I. Quick start guide
A. Installation of MCnest

Probably the most efficient way to understand MCret begin using the model with default life-
history data. To begin using the program, copyMi@nest files to an appropriate directory on your
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computer. The “MCnest.exe” file and the “Speciésary.xIsx” file mustbe in the same directory or
MCnest will not open. If this is your first timeimg MCnest, you will need to install the MATLAB
compiler runtime library (MCR). It can be downl@akdfrom Mathworks at:
http://www.mathworks.com/products/compiler/mby selecting the Windows 32-bit R2012a version.
Installation of the MCR requires administrator gages. To install, double-click
“MCR_R2012a_win32_installer.exe” or select “Run..ridabrowse to the MCR file. Installation may
take several minutes due to the very large file.si@nce the MCR is installed, you may run
“MCnest.exe” file without administrator privilege®e patient; it can take up to 60 seconds to open!

B. MCnest startup window

Once the MATLAB compiler runtime library is instatl, MCnest is called by double-clicking the
executable file (MCnest.exe) or selecting “Run..dnfrthe Windows Start menu and then navigating to
MCnest.exe. Doing so brings up the main MCnesest(Figure 1). Of the several blocks of controls
visible on the main MCnest screen, only two needdido run simple simulations, the “Simulation
iterations” block and the “Species” block. The tBamode” block is explained in greater detail in
Section IV. The “Season (edit on Life History pgd#ock is not editable on the main MCnest page,
but is provided for user information. It can béted on the Life History page (explained in Sectigin
Note, however, that the season changes as you ddfecent species from the “Species” drop-down
menu. The “Pesticide applications” control will é&eplained below and in further detail in Sectivn |

Simulation iterationsThe Simulation iterations block defines the sitiolasample size (number of
breeding females) as the product of a “Populatib&’ parameter and a “Replication” parameter. The
default is a population of 100 females, replicat8dimes for a total population size of 1,000 bregd
females. In general these simulations will rumlyaguickly; for getting to know the program we
recommend these sample sizes. Note that the nushbBreeding Females” cannot be edited directly,
except as the product of “Population size” and ‘iRegion.”

Species: The Species block contains a listbox menu ofisgatames for which life- history profiles
have been pre-coded for use in MCnest. The deafatlie first species in the list, Mallardr{as
platyrhynchoy Specific details about the life-history of sjgscin the library, and functions to edit life-
history parameters to create new species are fonrnlde Life History page, which can be accessed
under the main MCnest menu. More details abodingdand creating life-histories are given in Seti
1.
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Figure 1. Main MCnest window.

-} MCnest

MCnest  Clear
Batchmode ————— Run Statu
[ species Ready
Run Stopl |:| Lpplicetion rate
[ application dste — MiCnest working directory:
— Simulation ferations ——— | M:iNet WyDocumentsWildlifeMCrestiBasic MChest 11Jan 2013
Population Breeding
Size Replication Females — Dutput tabl
10| ¥ w5
— Species
Species: Mallard ~|
— Sesson (edit on Life History page)
— Date of first egg of first nest
Morth: 4 Dy |-
— Dateof first egg of lastrest—————————————————
Mot Dray:
Ot ———————————
— @ BroodsiFemals
Pesticide applications: a L
— () Fledglings Female
About MCnest:
Thiz iz the Basic Yersion of MCnest.
It wwas compiled on 11-Jan-2013

C. Running a smulation with no pesticide exposure for a selected species

Once the program is loaded, verify that the “PofporeSize” edit box and the “Replication” edit base
set to 100 and 10, respectively. In the “Specasht box, click the down arrow and select the Aremi
robin. Then click “Run” in the upper left corn&¥hile the simulation is running the “Run Status”
status box in the upper right of the main MCnestdeiw will initially display the message “Simulation
running, please wait...” while the Markov chain triios matrix is constructed. Once the simulation
begins to run, the “Run Status” box will displag tlpdating message “Iteration X of Y,” where Xhg t
recently completed iteration and Y is the total temof iterations (breeding females). When the
simulation finishes, the window will revert to arrtime message (Figure 2).
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Figure 2. Sample output from a simulation with &plicates of 100 breeding American robins.

<} MCnest
MCnest  Clear

Run Statu

Batch mode ——————
[ species Runtime: 0 m 8 s.
Run Stop! |:| Application rate
[ application date — MiCnest warking cirectory:
— Simulation terations et MyDocuments WAldliteWCnestiBasic MCnest 11.Jan 2013
Population Breeding
Size Replication Females — Output tabl
wi | % | 10 = |SPECIES BROODS BLSS BUIS APPS  APP1  RATEM crop
5 |Ametican robin 2m 187 215 Onia nia nfa
— Species
SF90|531§American rokin V
— Seazon (edit on Life History page)-
— Date of first egy of first nest
Manth: & Dy
— Date of first eqg of last nest
Morith: Dy oo
— Otput
- @ Broods/Female
Pesticide applications: q .
= () FledglingsFemale
About MChest:
This is the Basic Yersion of MCnest,
tt wwas compiled on 11-Jan-2013.

The default tabular output to a MCnest simulatioreg the species name, the expected number of
successful broods per female (BROODS), the uppeicamer 95" percentile confidence intervals for
BROODS (based on the ten replicates), and the nuaflpesticide applications simulated (APPS),

which is 0 in this case. As more simulations are new output is appended to this table.

Note that the numerical results on your screen diidgr slightly from Figure 2 because of variation
the actual sequences of random numbers utilizetidprogram. MCnest does give you the ability to
set the random seed so that simulations may beaggd exactly. These functions are covered inibet
below in Section IV.

D. Running a simulation with a pesticide exposure

MCnest is designed to simulate the effects of pieiapplications on the reproductive output of
breeding birds. There are many options in MCnarshdw this is done and only the simplest is
explained in this portion of the user’s guide.

With the MCnest main screen still displaying the é&roan robin simulation, find the “Pesticide
applications” control at the lower left of the m&iiCnest screen and choose “1.” After a short delay
the Pesticides window should appear (Figure 3)

8
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Figure 3. The Pesticides window in MCnest.

<) |Pesticides
Close Pesticide applications: ,1 o Application 1 - :
=iQa Adutt Initial Dose;| | mgkgid Juvenile Inttisl Dose: | mokgid
Si ion tag: Application rate: | o | lhaids Worith: January | Day|1 |
( Pesticide: ria | crom | nia
—Dose
—— = 5
Halflite: | 35  |days: (#) Use maximum nomooram values

~ ﬁ\ Use mean nomogratn yvalues
) Set Dose Directly L !

() braw from the nomogram distribution
Nomogram values:

max | mean std | wHI0 | JuvFIR/BW ||
short grass 240 85 603000 0.8000 1.0800
tall grass 110 36 40 5000 0.3000 1.0500
broad leaf forage 135 45 567000 0.8000 1.0800
Fruit 15 7 12,4000 0.3000 1.0500
seeds 15 7 12,4000 0.1000 0.2400
invertebrates 94 65 48 05000 1.0800

[ Reset to defautt values ]

| —— Adul Nestling |
1 - 5 e
— Breeding Season (edit on Life History page) — Toxicity Thresholds (mgkgid): ——
i Date of first egy of first nest
= ——
= 51 3 Manth: . Day: M0 Adutt LDSO; 9993 |
= = - A
=y T
E — Diate of first ego of last nest Adult body weight: 9999 |
@ 4 3
5 o Marh, B Egas laid per hen:| 9999
i ! Esushelthickness,| 9999 |
= — Wiaiting periods: i
£ 05+ Wiskle eggs per ey set| 9999 |
i ‘Waiting period after | | e
1 R i | 7 | days - -
pesticide-induced failure: L/ Hatchlings per visble eger| 9999 |
4 | i 1 i ; Wating period after failure: | _!davs Jecl Chicks pet hatchling:“ gggg |
Apr-02 Apr-30 htay-28 Jun-25 Jul-23 Aug-20 B : . "
Diate Waiting period after fledging: | |deays fraction of juvenile LC50:| 9399

A full description of the Pesticide controls is givin Section IV. For now, leave the “Pesticide
applications” listbox set to “1.” Under “Toxicitfhresholds,” all of which are expressed as mg/kiybo
weight/day, set the “Hatchlings per viable egg'tddix to “25.” In the “Dose calculations” frameaiee
the default radio-button “Use maximum nomogram galichecked and leave the default half-life set to
35 days. Finally, in the “Application” 1 frame gbt “Application rate,” expressed as pounds active
ingredient (Al) per acre, to “1” and the “Month” t8pril” and the “Day” to “15” (Figure 4). Press
“Enter” to register the changed parameter valugspnogram memory.
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Figure 4. Pesticides window with application dsgeto “April 15,” Application rate set to “1,” artle
Toxicity Threshold for Hatchlings per viable eggs ® “25.”

<) Pesticides

Pesticide applications: 1 3| Application 1 = = =
2 Acut Initial Dose:j :mg.l'kg.l’d dusenile Initial Dose:l 2 | migoicd
— Simulation tags Bpplication rate: | 1 | lbaid Morth] & pril v| paylts  w|
Pesticide: | nia | crop | nia |
— Dose
Half life: | 35 | days: (%) Use maximum nomogram values

() Use mean nomogram values
() Set Doss Directly = =

C? Drrawy from the nomogram distribution
Nomogram values:

max mean skd SeHZ0 Juw FIRJBW

short grass 240 85 £0.3000 0.3000 1.0500
tall grass 10 36 40 6000 0.8000 1.0800
broad leaf forage 135 45 56.7000 0.6000 1.0800
Fruit 15 7 12.4000 0.5000 1.0800

seeds 15 7 12.4000 0.1000 0.2400
invertebrates 94 B5 43 0.3000 1.0800

Reset to default values

| —— Adut Nestling |
g0 = = FPEIE e
Breeding Season (edit on Life History page) — Toxicity Thresholds (mg/kg/d): —
— Date of first egy of first nest o
B0+ J harith Dy 140 Adult LDSD:| 9999 |
— Diste of first egy of last nest Adutt bocky weight: 8o98 |
" ] Marth: | Day: Evgs laid per her:| ogga |

Eggshellthickness:| 9399 )
— Waiting periods:

Dietary Exposure (mgfkg/d)

¢ 4 “Wisble egos per egy set:| 9993
Waiting period after | F = 5
i S 7 |days . -
pesticide-induced failure: - Hatchilings per visble g 25 |
0 " i : i : Waiting period after failure: | |davs 14-d chicks per hatching| 9929 3
Apr-02 Apr-30 ay-25 Jun-25 Jul-23 Aug-20 — ; 5 5
Date Wating period after flecaing: | days fraction of juverile LS50 ogag |

MCnest uses algorithms from OPP’s Terrestrial ResiXposure model or T-REX
(http://www.epa.gov/oppefedl/models/terrestrialirerex_user_guide.htho translate the application
rate (expressed as pounds Al/acre) into dosesdes@d as mg/kg body wt./day) for both adult and
juveniles taking into account the species’ typabiat. This produces the values for “Adult Initiadse”
(51.1) and “Juvenile Initial Dose” (75.9) that appen the two associated boxes. These initial slose
will be realized on the application date (April Z5)d will decay geometrically with a residue h-|

of 35 days. Click “Close” to close this window amdurn to the main MCnest window. Once back at
the main window, click “Run” to run the pesticidensilation. A second row of output should appear on
the main MCnest window (Figure 5).

10
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Figure 5. Main MCnest window displaying the reswt two simulations.

-} MCnest

MCnest EelEl

— Run Statu

— Batch mode:
['species Run time: 0 m 8 s.
Ruri Stop! |:| Application rate
[ &pplication date — MCnest working directory:
— Simulation terations It iret MyDocumentziMiditeCrestiBasic MCnest 11.Jan 2013
Paopulation Breeding
Size Replication Femalzs — Output tabl
| % o - [ SPECES BROODS BL35 ELUSS APPS  APP1  RATE1 wop
\&merican rakin 2m 187 215 Onia nia nia
American robin 1.46 1.33 1.59 115-Apr 1 nia
— Speci
Species: | American robin »|
— Season (edit on Life History page)
— Date of first egg of first nest
torith: Day:
— Date of first egg of last nest
horith: Day: .
— Cutput
o e i C') Eroods/Female
Pesticide applications; " W
Q FledgingsFemale
— About MCnest
This is the Basic Yersion of MCriest
tt wwes compiled on 11 -Jan-2013,

A quick glance at the Output table suggests thatribdel predicts an approximately 30% reduction in
the expected number of broods per female due ticpEssexposure compared to the expected number
in the absence of pesticide effects. However, simple comparisons may be insufficient for
understanding potential risks of a pesticide apgilbm. For this, MCnest offers many kinds of outpu
that are stored and accessed in several ways.e Hnesovered in detail in the next Section Il (MGt
outputs).

This is the end of the Quick Start Guide. Condaditons! You now know how to run rudimentary
simulations in MCnest. However, we recommend yantiaue through the next section to see how to
extract more information from MCnest simulatioridie above two simulations will be used as
examples throughout Section Ill to demonstratedibgnostic and output features of MCnest.

[ll. MCnest outputs
A. Usingthetable

The Output table on the main MCnest screen prowadasapshot of the overall results for each
simulation as well as functional access to moraibket information about MCnest results. Because
each MCnest simulation is separate, the basicorediMCnest does not automatically calculate the

11
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percent reduction in seasonal productivity due pesticide exposure relative to a no-pesticide agen
However, the model user can copy the contentseoOtlitput table into a spreadsheet, such as Excel, t
calculate comparisons among simulations. Useuhsoc to highlight the contents of the Output table
and copy the contents by simultaneously hittingGoeatrol key and letter “C.” In Excel, place the
cursor in a destination cell and simultaneouslyhetControl key and letter "V” to paste the table.

The additional output functions are accessed lsy ligft-clicking on the species name for the outpwt
of interest and then right-clicking the mouse witthe outlined results block. They are divide itwo
basic categories, functions that give more detanémmation about an individual simulation (undlee
Row submenu) and functions that operate on multipteuktions, e.g., for comparing among species,
pesticide applications, etc. (undeble submeni. The examples below make use of the two
simulations run above in Section Il (Quick Starid&). Throughout this section on model outputs we
assume that you have two similar results availabla. example, left-clicking on American robin hnet
first row of the SPECIES column and then rightdlg should bring up the main Output table menu
(Figure 6).

Figure 6. The first dichotomy of choices in the @t menu.

-} MCnest

MCnest  Clear
__Bateh 4 — Fun Status —
] Species Runtime: 0 m9s.
il Stopl ] Application rate
[ Application date — MCnest working directory;
— Simulation #erations : ‘ M:et MyDocumentsiAildife WCnestiBasic MCnest 11Jan 201
Popsubation Breeding I
Size Replication Females — Ottt table -
100 X 10 = | SPECIES BROODS BLSS BUSS  APPS APP1 RATE1 crop
; American robin am 187 215 Onda nia nfa
LAmerican robin Row » 1148 1.33 1.59 1 15-Apr 1 s
— Species-
I Table »
Species:| American robin ot

B. The Row menu

After left-clicking on the specific row of interegilace the cursor on “Row” in the results mengdb
access to a sub-menu with five choices (Figure 7).

12
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Figure 7. The Row submenu of the context menu.

MCriest  Clear
— Batch mode - LU
[l species Run time: 0 m 9 s.
Run Stop! ] appiication rate
[} #pplication date — MCnest working directary:
— Simulation terations : W \Net MyDocuments i ilditeWiCrestBasic Mnest 11Jan 201
Popustion Ereeding -
Size Rephication Females — Output table
100 X i = | SPECIES BROODS BLSS BIUAS  APPE APP RATE1 crop
American robin 2m 187 215 Onda a nia
- Amarican robin m Phase diagram 54 1 15-Apr 1nia
— Species. .
: Table ¥ Brood histogram
Species:| American robin | Exposure series
Logfile
Save row

Phase diagramClicking “Phase diagram” under the row menu gsimp an area plot of the proportion
of females (vertical axis) in different developnardgtages (colors) as the breeding season progresse
(horizontal axis) (Figure 8).

Figure 8. Phase diagram for American robin withpeeticide exposure.

<} [Figure 1: State vs. Time

File Edit View Insert Tools Desktop Window Help

NEEL AR OBDEL- 2 0B D

| N P iy O iy [ e | |1 I J1d | | I vve I v I C |

Froparion of Fernales

1] .
Apr-02 Apr-16 Apr-30 May-14 May-28 Jun-11 Jun-25 Jul-0g9 Jul-23 Aug-06 Aug-20
Date

The phase diagram is the primary diagnostic tooufaerstanding how the simulated chemical

exposure was translated by the model into projeprbductive effects. Because there is no chdmica
exposure in the example simulation, there are mesponding diagnostic effects in the phase diagram
Nevertheless the diagram is useful for tracinggéeeral progress of females unexposed to pesticides

13
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through various breeding phases over the courfeedimulated season. Table 1 provides a more
detailed explanation of the phases in the phaggaha Each of the phases is defined in greataildet
in the technical support document.

Notice that two phases in Table 1 do not occuhéghase diagram pertaining to the first simulation
above (Figure 8). These are the doomed incubatoind (Id: yellow) and the waiting period after
pesticide-induced failure (Wp: orange). These $tates can only be entered into after exposure to a
pesticide exceeding the appropriate threshold. Wewdighlighting the second row in the Output ¢abl
and opening the phase diagram will produce a figkigure 9) that shows a portion of females in the
doomed incubation period (yellow) for a short tibefore transition to the waiting period after past
induced failure (orange).

Table 1. Simulated breeding phases as representied phase diagram of MCnest

output.

Phase Legend Legend color
abbreviation (approx.)

Pair Formation PF

Rapid Follicle Growth rfg

Overlap of Rapid Follicle Growth and Egg Formation  rfg/ef

Egg Formation ef

Incubation |

Nestling N

Doomed Incubation Id

Waiting after pesticide-induced failure Wp

Waiting after ecological failure We

Waiting after successful fledging Wi

Quit Q

Hint: you do not need to close the phase diagram farevious simulation before generating onelier t
next. Thus for example, the two phase diagrangu(Es 8 & 9) could be open concurrently for direct
comparison.

Further guidance on the interpretation of phasgrdras can be found in Appendix A.
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Figure 9. Phase diagram for a simulation with@tsperiod of effects on egg hatchability.

<} [Figure 1; State vs. Time
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Brood histogram:This sub-menu item generates a histogram of uihgber of successful broods
produced per female in the simulation (Figure 10)s useful for gaining an intuitive sense foe th
expected variance in female reproductive succesxmded with a simulation scenario.

Figure 10. Sample brood histogram for default Agerirobins with no pesticides.

J Figure 1: Broods Fledged Ej@fg

File Edit Wiew Inser Tool Deskio Window Help
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o
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Exposure seriesFigure 11 shows the simulated Seasonal Exposuoféefor the second American
robin simulation, in which the threshold (i.e., ®g/kg/d) for egg hatchability was exceeded for @rtsh
duration. Note the separate exposure series fdtsagersus juveniles. Although this choice is &alae
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for each simulation, when no pesticide applicatiaressimulated, there is simply a horizontal [ih@ a
mg/kg/d.

Figure 11. Example Seasonal Exposure Profile foeAcan robins with pesticide parameters set as
described in the pesticide example of Section Ui¢® Start Guide).

J Figure 1: Seasonal Exposure Profiles g@f@
k|
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=
L
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=
&
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Date

Log file: This sub-menu choice opens a text file (usingctimaputer’s default text editor) and prints the
main results and all of the input parameters usdéte simulation. This file is virtual (it can be
regenerated at any point, but it does not exist gaherated). Therefore if it is needed for
documentation, it should be explicitly generated saved to disk.
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Figure 12. Sample log file for American robin siation with a single pesticide application.

I Log.txt - Motepad
File Edit Format ‘iew Help

'\'—r\'—r'b’-r'\'—r\'—r'b’-r'\'—c’WS-'lmu-l at-'lclr-l Tagswwwwwwwwwww ~
Crop = nsa

Pesticide = nsa

species = American robin

HHWHHHHES | IMmMarr Output##ﬁ##ﬁ##ﬁ##

Avg. no. Tledglings per female = 4.088; 95 percent CI: [3.73-4.44]

Avg. no. successTul broods per female = 1.46; 95 percent CI: [1.35-1.5%9%]
Avg. no. nest attempts per female = 4.583; 95 percent CI: [4.44-4.73]
Avg. nest succcess = 0.31857; 95 percent CI: [0.29-0.35]

wwwHwHRESImUT AT Ion Parameters W E e

Mumber of populations: 10

Mumber of females per population: 100

Total number of females simulated: 1000

Species name: american robin (detailed Tife-history below)
Earliest first egg date: April 12.

Latest first egg date: July 22.

Mumber of pesticide applications: 1.

#ﬂr##ﬂr#ﬁﬂrcpu Time##ﬁ##ﬁ##ﬁ#ﬂr
simulation dnitiated at: 2013.3an.11. 4.45.16 PM

Simulation ended at: 2013.Jan.l1l. 4.45.26 PM
Elapsed time: 0 minutes and % seconds.

Save row: This sub-menu choice saves the selected row tugout file that can later be opened in
MCnest. The file is assigned a name by the programesponding to the species nhame and the date and
time that the simulation was run. A confirmatiarppup window is displayed (Figure 13). Files are
saved into the directory specified in the “MCnesirking directory” list above the “Output table.”

Figure 13. Example filename and popup window waeimgle row is saved to an output file.

Results zaved to "American robin 201 3.Jan 11, 30542 P

C. TheTable menu

After right-clicking anywhere in the “Output tabledx, place the cursor on “Table” in the resultsime
gives access to a sub-menu with four choices (Eigd).
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Figure 14. The Table sub-menu of the context menu.

MCnest  Clear
~— Batch mode
[ 5pecies
Run Stop! ] Application rate
[ Application date
— Simulstion terations
Popadation Bresding
Size Replication Females
100 | X 10 =
— Species
Species. | American robin

— Run Status

Runtime: 0 m 9 s,

— MCnest working directory.

M iNet MyDocumentsiAiidifewCrestiBasic MCnest 11.Jan 20

— Outpet table
SPECIES BROODS BL35 BLU3IS APPS APP1 RATE1 crop
American robin 2m 187 215 Onfa nia nfa
LA merican robin Raw b 146 1.33 159 1 15-Apr 1nfa
Table » Delete rows

Shove Full table

Sort table

Save table

Delete rows: This sub-menu choice deletes the selected rdvais) the table. Multiple rows can be
selected and all selected rows will be deletedeyTdannot be recovered.

Show full table This submenu choice opens a larger table winithatvpresents more information about
each simulation (Figure 15), including the expectest success rate§ (vith confidence intervals) and
nest attempt rates per femal& @gain with confidence intervals). It also digglanformation

concerning the pesticide exposure scenarios. litleh of each code used as column heading in the
full table is located in Table 2. In the defaulhslations above these should all be set to n/aumzno
pesticide was simulated. Right-clicking on thisléagives access to a context menu that is iddnitica
that of the default table on the main MCnest scregoept that the “Show full table” option is oradt

Just as with the main Output table, the model aaprcopy the contents of the full Output table &to
spreadsheet. Use the cursor to highlight all pordion of the contents of the full Output tablelaopy
the contents by simultaneously hitting the Conkeyf and letter “C.” In Excel, place the cursogin
destination cell and simultaneously hit the Conke} and letter "V” to paste the table.

Figure 15. Sample full table output correspondmthe two simulations described in Section Il (€xui

Start Guide).

) Output

1
1 |SPECES

American rokin
American rokin

FLEDGL...F L95
563 525 g.02
4.09 373 4.44

2 3

FLas

f 7 g 9 10 11 12 13 14 15
BROODZ BL9S BUIS MESTE ML9 MNUS  SUCC 5193 =093 APPZ APP 1
187 215 405 343 423 049 045 054 0 nia
133 1.58 4.58 4.44 473 032 029 035 115-Apr
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Table 2. Description of column headings from @ultput table.

Column heading Description

SPECIES name of user-selected species
FLEDGLINGS mean # of fledglings/female/year

F L95 lower 95% confidence limit for FLEDGLINGS
F U95 upper 95% confidence limit for FLEDGLINGS
BROODS mean # of successful broods/female/year
B L95 lower 95% confidence limit for BROODS

B U95 upper 95% confidence limit for BROODS
NESTS mean # of nest attempts/female/year

N L95 lower 95% confidence limit for NESTS

N U95 upper 95% confidence limit for NESTS
SUCC. mean overall nest success rate

S L95 lower 95% confidence limit for SUCC.

S uU9s upper 95% confidence limit for SUCC.
APPS # of pesticide applications/year

APP 1 date of pesticide application #1

RATE 1 rate (Ibs/A) of pesticide application #1

AID 1 adult initial dose for pesticide applicatigt
JiD1 juvenile initial dose for pesticide applicati#1
APP 2 date of pesticide application #2

RATE 2 rate (Ibs/A) of pesticide application #2

AID 2 adult initial dose for pesticide applicatig@
JID 2 juvenile initial dose for pesticide applicati#2
APP 3 date of pesticide application #3

RATE 3 rate (Ibs/A) of pesticide application #3

AID 3 adult initial dose for pesticide applicatig
JID 3 juvenile initial dose for pesticide applicati#3
APP 4 date of pesticide application #4

RATE 4 rate (Ibs/A) of pesticide application #4

AID 4 adult initial dose for pesticide applicatigd
JID 4 juvenile initial dose for pesticide applicati#4
APP 5 date of pesticide application #5

RATE 5 rate (Ibs/A) of pesticide application #5
AID5 adult initial dose for pesticide applicatigb
JID5 juvenile initial dose for pesticide applicati#5
crop user-defined name for crop

pesticide user-defined name for pesticide

Sort table:This sub-menu choice provides functions to satdisplayed Output table using any of the
table headers as sort keys (Figure 16). The sodtibn does not work while viewing the full table.
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Figure 16. Example of the “Sort” window for sogisimulations in the “Output table.”

FE&X

Data columns:
SFECIES o [ Sort ] l Cancel ]
BROCDS

B L35
E 95 — Sart Key 1

APPS )
PP 1 b @ somt ascending

RATE 1
Crop

— Sort Key 2

> (#) sort agcending

— Sort Key 3

== (%) sort ascending

Save table:This sub-menu choice allows the entire table tedeed to disk. For this option the user is
prompted to provide a name for the table. The issegsponsible for changing the default name of

“* mat” to a unique name with a “mat” suffix. Iao later be reopened in MCnest, at which point it
would be appended to the bottom of any existinguations in the Output table.
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IV. Systematic description of MCnest controls

The descriptions below contain minimal background gstification for the design of MCnest. For
more details about the algorithms underlying MCraest the technical justification for programming
choices, please see the MCnest Technical Manuélnégt has three basic categories of user controls,
drop-down menus, window controls, and the tabléexdnrmenus. Not all windows contain all types of
controls. For example, only the main MCnest wind@s drop-down menus, which are located on the
standard menu bar at the top of the window (Fig@®e Similarly, context menus are restricted ® th
two output tables (one on the main MCnest winddw,dther a separate window accessed using the
context menu for the first). Finally, most MCneshdows include various controls that will be faiauil

to users of windows driven programs, including plbstions, radio buttons, check boxes, list boxed, a
text boxes. Our presentation below is organizedioglow, beginning with the main MCnest window.

A. MCnest window

MCnest opens to its main window upon launching medt of the controls are accessed through this
window. The main menu bar contains three choitd€nest,” “Clear,” and “Season.”

1. The MCnest menu

Of the three drop-down menus on the main MCnestlawn the first (MCnest) is by far the most
important, giving access to virtually all of thenfitionality of MCnest (Fig. 17).

Figure 17. The main MCnest window with drop-doweanu under the MCnest tab.

Load Species Library
Life Histary [ e
Set Pesticide [ species
Batch Mode
Stop! ] Application rate
Fandarn Mumbers
Load MCnest File [ Application date
Exxt !
Popastion Ereading
Size Rephcation Femates
100 % 10 =
— Species -
Species, American robin v
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Load Species LibraryAlthough MCnest opens up to the default spegprefile library, the

menu option allows the user to select other spgu@de libraries in the MCnest working
directory, if they exist. There are many reasonyg wmodel user may want to create additional
species libraries, including: 1) the user may hawve or more species of particular interest to
their location; 2) the user may want to exploreres of alternative dates for defining the start
and end of the egg-laying period related to clintdt@nge, regional variation, etc.; or 3) the user
may want to test a series of alternative valuesfioer life-history parameters (e.g., changes in
the background daily rates of nest failure as eoglate for habitat quality). With the current
version of MCnest we recommend using the defadtigs library; however, if a user wants to
create a new species library file, it must use télce same column headings and exist in the
same directory as the default library. Furthenid®bn creating custom species libraries will be
provided in a future release.

Life History: Choosing this menu option loads the Life Histaipdow. Controls for the Life
History page are described in Sub-section B (Lifgtdty window), below.

Set Pesticide Choosing this menu option loads the Pesticidggep Controls for the Pesticides
page are described in Sub-section C (Pesticidedomi)) below.

Batch Mode Choosing this menu option loads the Batch maagep Controls for the Batch
mode page are described in Sub-section D (BatcHomip, below.

Random NumbersChoosing this menu option loads the Random Nuswéehdow. Controls
for the Random Numbers page are described in Setiesde (Random Numbers window),
below.

Load MChnest file Choosing this menu option loads the resultsre¥ipus simulations into the
output table on the main MCnest window. Previasutts will be appended to the end of any
currently displayed results.

Exit: Choosing this option exits MCnest. MCnest cao &e closed by clicking the upper right
hand corner of the main MCnest window.

2. The Clear menu
The Clear menu is used to remove existing resutitsas only three choices (Figure 18).

Summary Table Choosing this menu option clears the summarg tiibom memory and from
display. It cannot be recovered unless the data Vst saved to a file.

Figures Choosing this menu option closes all open figur€hey can be regenerated by
repeating the appropriate commands.

All: Choosing this menu option clears the summargtabd closes all open figures. Neither
the table nor figures can be recovered unlessdtewere first saved to file.
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Figure 18. The Clear menu.

=} MCnest

MCnest EECEY
| summary Table
Figures ~— Batch mode —
All [ =pecies
Fun ‘ ‘ Stop! (] appiication rate
] application date
— Simulation terations
Pmi':ln Br&eﬂ]’ng
Size Replcation Females
100 5 10 -
— Species-
Species!| American robin v

3. User-input Controls

In addition to the menus described above, the lEmest window also contains a number of
user controls. Some of these overlap with or aregietely redundant with choices in the drop-
down menus. For example, clicking any empty chemkwithin the Batch mode block calls up
the Batch mode window, which is also accessed uh@eBatch mode menu described above.
Below we describe all of the controls on the mai@ridst window.

Run The Run button initiates a simulation.
Stop! The Stop button terminates a simulation curreintiyrogress.

Batch mode This form contains three check boxes indictimg three types of batches that can
be run. Selecting any unchecked box will loadBa&ch mode window. This window is
described in detail in Sub-section E below ancesst inderstood after covering both the life-
history and pesticide information (Sub-sectionsd € below).

Simulation IterationsThis form contains two user-input boxes labelBdpulation Size” and
“Replication,” respectively. The “Population Siza3x allows the user to enter a population size
of females. The default parameter is 100. Thers#box allows the user to enter a replication
parameter describing the number of separate idgqapulations that will be simulated. The
default number of replicates is 10. The total namif breeding females in a simulation is the
product of the “Population Size” and “Replicationrhis structure allows the simulation routine
to develop a distribution of population-level outoes and calculate 95% confidence limits for
output parameters.
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Output table This frame contains the outputs of individuaigwf MCnest. When no previous
runs are available it is empty.

In Figure 19, the Output table shows the resultshfe two simulations run in Section Il with the
second row highlighted. The first column gives $pecies name (American robin). The second
column gives the global average (across all pojauig} of the number of successful broods
produced per female (2.02). The third column giveslower confidence limit for a 95%
confidence interval (1.87) constructed around tbea average number of successful broods
per female. The fourth column gives the associapgaer 95% confidence limit (2.18). The
confidence limits described above were generated)uke replication parameter specified in the
second text box in the Simulation Iterations forithus, MCnest simulated 10 populations of
100 females (1,000 females in total) and the cemio@ limits are generated from the variance in
the number of successful broods per female aches$Q replicates. Increasing the number of
replicates will not, in general, affect the widthtlois confidence interval. However, the
precision with which the confidence limits are estted will improve with the number of
replicates. In contrast, increasing the Populatiae will reduce the width of the confidence
limits.

Figure 19. Main MCnest window showing output obtaimulations from Section 1l (Quick
Start Guide).

-} MCnest - @@
MCrest  Clear
— Batch mode: (REE A
[species Runtime: 0 m9s.
Run Stap! [ Application rate
[ application date — MCnest warking directory:
— Simulation terations hihlet My DocumentsiildlifeMCnest Basic MCnest 11Jan 2013
Population Breeding
Size Replication Females — Cwtput tabl
o0 2B cao = ] [sPECIES BROODS BLSS BLUS5 APPS  AFP1  RATE1 crop
: éAmencan rohin 2Mm 187 215 0 ria nfa nfa
American robin 1.46 133 1.5 119-Apr 1 nfa
— Speci
Species:| American rokin |
— Season (edit on Life History page)-
— Date of first eag of first nest
Morth: - Day.
— Date of first egy of last nest
Month; Day: o
output————
» e () BrondsFemale
Pesticide applications: 1 w |
- O Fledglings Femsle
— Ahout MCnest:
This iz the Basic version of MCnest
It was compiled on11-Jan-2013.
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MCnest working directory The default working directory for saving or laagl MCnest output
files is the same as the directory containing thenist program files. To aid in file
management, the model user can change the workiegiaty to a different directory or a
subdirectory within the MCnest directory for saviengd retrieving MCnest output files.

To change the MCnest working directory, right-clakthe file path name in the box. After a
couple of seconds a new Browse for Folder windoWpmip-up, and the user will be able to
navigate through their directories to select aetdéht folder name to use as the working directory
until changed. When MCnest is closed and latgpered, the program returns to the default
working directory.

Species: The species block contains a listbox menu ofisgatames for which life-history
profiles have been pre-coded for use in MCnest. allditional information about the species
and their profiles, see the companion documentwarALife History Profiles for Use in the
Markov Chain Nest Productivity Model (MCnest). Tdefault is the first species in the list, i.e.,
mallard. Specific details about the life histofyspecies in the library, and functions to edigif
history parameters to create new species are foankde Life History window, which can be
accessed under the main MCnest menu and is desanilSection 1V.B (Life History window)
below.

Season The dates of first egg in the first and lasttaed the breeding season determine the
length of the breeding season. They cannot beckdit this page, but are shown here for
reference. They can be changed on the Life Histomgow, described in Section IV.B (Life
History window) below.

Pesticide applicationsThis list box ranges from 0-5. Changing its eala anything but O will
display the Pesticides window, described in Sedo@ below.

Output Once simulations have been run, this box allthvesuser to toggle between the number
of successful broods/female/year and the numbBeddlings/female/year in the Output table.
Results for both metrics are captured in the Lbgy fi

Run Status:This is not an interactive frame. This spaaesid to provide information to the
user on the current run status of the program.

B. TheLife History window

The life history window is invoked by selecting thefe History” option under the “MCnest” menu.

The Life History window has five control frames am@ush button for returning to the main MCnest
window (Figure 20). The default species profileatain default parameters for all of the contrais o
the Life History page. Thus, if you are using déffapecies you need not use this window. If you
invoke this window with a default species selectedjll display the default parameters for thaesjes.
This can be useful at runtime to see what thosgegahre. However, changing any parameter on this
page will automatically change the default spetdesnew-.“ It will also make visible a new box on
the main MCnest window for naming the new speciBse default name for the new species is “Bird.”
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Figure 20. The Life History window with default defor American robin.

<} LifeHistory Qlilgj

— Seasan
— Date of first egy of first nest

Return to Main Screen
— Diet & body weight (exposure)

Morth: | april s | Dayi|q2 w

— Transition Probakilties

Body \Weight (a) | 773

— Date of first egy of last nest
Wonth: iy w| Daylas 7 Initiation prok: | 0.25 Acultts Mestlings
ml:[ noos Short grass: u] ]
m2: | 0023 Tall grass: a0 ]
— Phass Durations (days) Broadieaf forage plants: ] ]

Rapid Follicle Growth 4 _ Cither Life Histary

: Fruit: 0.28 03
Eqjg-laying Interval: 1 Clutch Size: 3
Incubation Onset Seeds: o 0
Incubation Period: 13
© Penutimate Eog Invertshrates: | 0.72 07

Mestling Period; 13

(3' Lazt Egg

Waiting period after failure: 7 Sums (must be 1):

Fledglings per successtul nest:

‘Wiaiting period after fledging: 7 24

Season:This frame allows you to change the length oftiteeding season, which is defined in MCnest
by two dates: the date of the first egg in thet farsd last nests for the season of each speaigdicit in
this definition is the ability of females to comf@eany nesting attempts initiated by this lateedat
assuming the nest is not lost due to ecologicaksticide-induced failure.

The end date (date of first egg in last nest) rbasit least two weeks later than the beginning (@t
of first egg in first nest). If you try to set eeleding season shorter than two weeks, you wilagegrror
and the end date will be automatically set to tveeks after the beginning date.

Diet & body weight (exposure)You do not need to use this frame unless yowsianalating pesticide
effects. Dietary information is only used to esttemdose, based on residue analyses of differedt fo
types. Body weight must be provided in grams. t@dieproportions must be between 0 and 1 for all
categories and they must sum to 1 (down colum8pgcifying proportions outside the range (0,1) will
generate an immediate warning and that categohpeiset to 0.33. However, specifying sums of
dietary categories that do not sum to 1 will nateyate errors until you attempt to push “Returiman
Screen.”

Transition ProbabilitiesThis frame contains three text boxes for modedmpeters. The firsp, is the
daily probability that a female in the pair fornoatistage initiates rapid follicle growth for herstiegg
of her first nest of the season. This parametpli@ponly to a female’s first nest attempt of yiear.
The second two parameters are the daily proba&slaf nest failure in egg-laying and incubation)(
and nestling rearingrg) periods of the nest cycle. These failure rabesikl include all causes of
failure except for failures arising from the pestecalgorithms in MCnest. Pesticide failures are
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handled separately, as described below in SubeseCtiand in the MCnest Technical Manual. All
parameters in this frame are restricted to thevat€0,1).

Other Life History: This frame contains two text boxes and two rdmlitions. The first text box is for
average clutch size, the average number of eggsna nest. It must be an integer. The two radio
buttons indicate whether the species generallynsagcubation with the penultimate versus the final
egg. Whichever button is selected, all femalesaaseimed to follow the same pattern. The secodtd te
box is for an estimate of the mean number of fledgl per successful brood. It does not need tnbe
integer.

Phase Durations (daysY.his frame contains eight text boxes for entetihmgphase durations. These
durations describe the time required to complet@ua processes in the nesting cycle and are destri
in greater detail in the MCnest Technical Manualith the exception of the rapid follicle growth et
and the egg-laying interval, these parameters tmispecified as integers.

C. The Pesticides window

The Pesticides window is invoked by selecting tBet“Pesticides” option under the “MCnest” menu.
The Pesticides window also will open automaticalhen the Pesticide applications listbox on the main
MCnest window is changed to any value other thaiilfle Pesticides window has a list box for
indicating the number of pesticide applicationsagaable number of control frames (depending on how
many applications are specified) and a push budttoreturning to the main MCnest window (Figure
21).

27



User’s Manual for the Basic Version of MCnest —fieeloy 2013

Figure 21. The default Pesticides window whendielg five pesticide applications.
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ol * L it
E 0 Marth | Pay; Eqs laid per hen;| 9999 |
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Simulation tags:This frame contains two text boxes for enterimghame of the crop and the pesticide
being considered for simulations. These tags sed only as identifiers in MCnest outputs to hiakp t
model user describe the pesticide-use scenaribéosimulations.

Pesticide applicationsThis listbox is largely redundant with the Pesdcapplications listbox on the
main MCnest window. A second copy is placed heostiy for convenience. Choosing “0” will
automatically close the Pesticides window. Chagpsiny other number changes the number of
applications frames that are displayed to matchntimeber of applications selected.

Dose calculationsThe controls in this frame include four radiotbas and two text boxes. The first
text box is for setting the half-life of pesticidesidue degradation of food items (expressed is)day
The default is 35 days, but the value can be sabygpositive value. The radio buttons are muyuall
exclusive (only one can be checked) and indicate festicide application rates are translated into
exposure doses. The first choice “Set Dose Diy¢€atlows the user to manually set the adult and
juvenile initial dietary dose of the pesticide guphcation day. The final three choices transthte
application rate into estimates of adult and juleemitial dietary doses at application using the
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approach in OPP’s Terrestrial Residue EXposure hmmdB-REX (USEPA 2012). The T-REX
approach is based on the estimated mean or maxnegidue concentration on each of the six food type
categories immediately following an applicationlgbound active ingredient (Al) per acre. The user
can choose “Use maximum nomogram values,” “Use meamogram values,” or “Draw from the
nomogram distribution,” using a log-normal disttilon based on the mean and standard deviation.
Residue concentrations on food types are transiatedlose using body weight and dietary informatio
on the Life History window. Additional detail isqvided about these calculations in the MCnest
Technical Manual. Whichever method is used tordatee the initial dietary dose on the day of
application, subsequent exposure will decay acogrth the specified half-life. When two or more
applications are simulated, it should be notedttinainitial dietary dose presented for each appbn
represents only the contribution from that appiaatand does not add the contribution from earlier
applications. The additivity of overlapping decayves from multiple applications can be observed i
the Seasonal Exposure Profile figure, even thobghi¢ not reflected in the adult and juvenileialit
doses shown for each application.

The second text box, labeled “Nomogram valuests lise default maximum and mean nomogram
concentrations on each of the six food type categarsed in T-REX Version 1.5, plus the standard
deviation. It also includes the default percentstuve value from T-REX and the juvenile food
ingestion rate per body weight (i.e., FIR/BW) ugethe calculation of juvenile doses, as described
the MCnest Technical Manual. All of these valueseditable by the user. If changes are madeyto an
values within the “Dose calculation” box, theraibutton to restore all default values.

Toxicity Thresholds:This control frame contains eight text boxesdotering toxicity thresholds
(values which, if exceeded by exposure, will triggest failure or prevent a bird from initiatingnaw
nest). These values come directly from standaqtity tests and can be set to any positive value.
Toxicity threshold values are expressed as daibedmng Al/kg body wt/day), but the surrogate
endpoints from the avian reproduction test anddtbeary LC50 test are typically reported as dietary
concentrations (mg Al/kg food). Dietary conceritnas need to be converted to daily doses by the
model user for use in MCnest. The conversion foomcentration to dose is accomplished using
information on body weights and daily food ingestrates (FIR) from the toxicity test:

Daily dose = Dietary concentration x FIR (g foca/jl
Body weight (Q).

The conversion of dietary concentrations to dadges is an approximation because body weight and
food ingestion rates are changing during the coofé®th the reproduction test and the LC50 test.
Also, studies vary in the degree to which they giffood spillage during the tests. For convegtin
dietary concentrations to daily doses, the modet aan calculate the average daily food ingestda r
per bird and the average body weight at the begghand end of the test period for each bird. The
model user should consult the MCnest Technical Mbafar more background information about the
selection of toxicity threshold values prior to use

Breeding SeasonThe controls in this frame are redundant withgéme controls on the Life History
window. They are not operational on the Pesticiieslow, but are provided for reference when sgttin
the dates of pesticide applications.

Waiting Periods This frame lists the three waiting periods aftest success or failure before the first
egg is laid in a subsequent nest. The two loweaogs are redundant with waiting periods on the Lif
History profile for each species. The top peri®thie “Waiting period after pesticide-induced feglti
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The default value for this waiting period is setiakto the “Waiting period after ecological failtifer
each species. The waiting period after pestiaiare must be an integer and can be set to afonge
duration than for ecological failure, but it canbetshorter.

Application I All of the pesticide application frames opernalentically to Application 1. These

frames each contain three text boxes and twodised. The top two text boxes are for the adult and
juvenile initial dose (i.e., the dose on applicatday), respectively. These boxes are not editabkn

any of the final three radio buttons in the Dodeuationsframe are selected. In this case, initial doses
are calculated using the application rate and iy information and body weight information tbe
species selected on the main MCnest page, as lbed@bove and in more detail in the MCnest
Technical Manual. The Application rate text box te set to any non-negative value. It will not be
visible if the “Set Dose Directly” radio buttonselected in the Dose calculatidnsme, above. Finally,
the two listboxes allow the user to specify theedat which the pesticide is applied to the envirentn

for each application (i.e., the day on which th&ahdoses will be experienced).

The Application frames operate independently fraoheother, though they all use the same half-tife f
defining the decay curve. Applications can be Bfgekin any order (e.g., Application 2 could be
specified as occurring prior to Application 1), ahdy need not occur within the window defined g t
Breeding Season (i.e., an application may occur poi or after the breeding season of some species)
Regardless of how many pesticide applications aosen on the Pesticides window, the adult and
juvenile initial doses shown for each applicatioa ealculated based only on information for that
application. However, when more than one applceis specified, the decay curves for each
application may overlap. Consequently, the eseahatitial doses at application for birds in the
simulation may reflect the combination of the pade residues produced by each application plus any
carry-over residues from previous applicationse alditivity of overlapping decay curves from
multiple applications can be observed in the Sealdbxposure Profile figure, even though this is not
reflected in the adult and juvenile initial doseswn for each application.

Seasonal Exposure Profilés information on application rate, applicatideite, and residue half-life are
modified in the Pesticides window, a Seasonal ExpoPRrofile will be generated automatically. The
model user can use this to visualize the exposufdgduring the breeding season of a speciesoand/
to examine the degree of residue carry-over fromapplication into the next. After a simulatiame t
Seasonal Exposure Profile also is available byt+atjoking on a highlighted simulation in the Outpu
table and under “Row,” click “Exposure series.”

D. The Batch window

The Batch window is invoked by selecting “Batch Mbdnder the main MCnest window, or by
selecting any of the Batch modkeckboxes on main MCnest window. This windoversithe ability
to set up multiple simulations in advance accordinthree different types of progressions (Figuzg 2
Depending on which check box is selected, diffecemtrol forms may be displayed.

Set & Return This pushbutton closes the Batch window andrnstto the main MCnest window.

Parameter to batchThis frame contains three radio buttons for dyexg the kind of progression you
wish to set up. If you invoke the Batch windowdhecking one of the boxes under Batch modéhe
main MCnest window, that radio button will alreduy selected. It may be subsequently changed

within the_Parameter to batétame.
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Note that if you select one of the three radiodngtand then hit Set & Retuwithout making any
further inputs as to which species, rates, or datéstch, the MCnest model will not run.

Pesticide initial conditions (set on Pesticidesg)ad his frame is not interactive. It is providedgive
details about the initial application conditionglatose parameter set on #esticideswindow.

Species:When the “Species” radio button in the Paramietératchframe is selected, the batch window
displays the Specideame (Figure 22). This frame contains two rdalidtons, two listboxes, two push
buttons, and an edit box. The “All species” radiiton moves all species from the “Candidate sgécie
listbox to the “Selected species” listbox. Destterthe “All species” button will restore themttoe
“Candidate species” listbox. The “Add” and “Rembbeattons will move selected individual species
back and forth between listboxes. When batchingp@ties, separate simulations will be run on the
species in the “Selected species” listbox and sgdaithe “Candidate species” listbox will be igeabr
Selecting the radio button “Override species defaaiting period after pesticide failure (Wp)” will
allow you to set a unique value for the waitingipeifor pesticide failure in the associated edi.bo
This value will then apply to all species in thesidgaed batch, unless the specified value is shtréar
the species’ value of We (the waiting period aftenlogical failure), in which case the value for We
will be used for that species.

Note that is the “Override species default” raditdn has been selected and the model user wishes t
return to using the default values for Wp for eatthe selected species, the “Override specieqittéfa
radio button needs to be deselected and then h& Beturn

If the “Species” radio button is deselected, al@ps return to the “Candidate species” listbor. view
or edit the current list of “Selected species,esel'Batch Mode” from the “MCnest” drop down menu
on the main MCnest window.
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Figure 22. Théatch window when the “Species” radio button is selected
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Application 1: 1 bsifacre on 15-Apr.

Application Rate:When the “Application Rate” radio button in therBmeter to batcfiame is selected,
the batch window displays the Application Ratame (Figure 23). This frame contains two texxtés.
The “Step” box indicates the incremental increasagplication rate that should be run with each
simulation. The “Stop” box indicates the maximupplcation rate desired for the first application.
The minimum application rate desired is assumdaktthat set on theesticideswindow and reported
in the Pesticide initial conditions (set on Pests pagejrame, directly above. With these parameters
set, MCnest will run repeated simulations with eapplication rate, increasing the application tate
“Step” with each simulation until the maximum agglion rate (less than or equal to “Stop”) for
application 1 is reached. Thus “Stop” does notiteebe an exact maximum; rather it operates as a
ceiling beyond which MCnest will not raise the apgiion rate for the first application. If moreath
one application is simulated, the same step inerapplies to all applications, but the “Stop” does
apply to later applications even if they are higtian the ceiling value for the first applicatiolfor
example, if an initial simulation has two applicais with the first being 1 Ib/acre and the secar@l i
Ibs/acre and the batch is set up with a “Step” ahd a “Stop” of 3, the last simulation in the Ihatall
use a first and second application of 3 and 5 the/aespectively.
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Figure 23. Théatch window when the “Application Rate” radio buttonsislected.
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Application Date: When the “Application Date” radio button in tharBmeter to batcframe is
selected, the batch window displays the Applicab@teframe (Figure 24). This frame contains two
text boxes. The first text box, “Repeat intervdldwas the user to specify the desired number okday
between applications. The second text box “Repeptxifies the total number of repeat applicatitss
simulate. Using these two pieces of informatioigiést simulates the first application date accgrdin
to the date reported for Application 1 in the Redé initial conditions (set on Pesticides pafgaine. It
then repeats the simulation, shifting the applaatiate by “repeat” days each time until the total
number of desired repeats is reached.

Note that, although the repeat applications arg@edgo Application 1, the same time shift is applie
every pesticide application specified on Besticidespage.
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Figure 24. Thdatch window when the “Application Date” radio buttongslected.
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E. The Random window

The Random window is invoked by selecting “Randoum¥ers” under the main MCnest window.

This window offers the ability to choose among eliéint types of random number generators and to set
the seed for random number generation in MCnebts hay be useful for exactly repeating a particula
simulation in MCnest. The Random window containe push button and a control frame (Figure 25).

Figure 25. The Random window in MCnest, withosead specified.
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Return to Main Screemmhis pushbutton returns the user to the main MCsereen

Random NumbersThis control frame contains a listbox and a text. The “Random Numbers”
listbox allows the user to specify which algoritisrused to generate random numbers in MCnest
simulations. There are six choices (Table 3). \&d&&mo reason to believe that any of the algorithms
below would offer significantly better performantan any other, and we recommend using the
MATLAB and MCnest default option called the Mersenwister (listed as “mt19937ar”) based on its
computational efficiency (speed). The “Seed” texthllows the user to specify a numeric seed fer th
random number generator. This should be a positimeber. To exactly duplicate a previous
simulation, find the seed value at the bottom eflthg file and enter it on “Random Numbers” listbox
If no seed is specified, MCnest will use the corspatsystem clock to generate a seed. In this thse
seed is still recorded, so the simulation may leesiged even when no seed was specified.

Table 3. Random number generators available in M® and MCnest

Option MATLAB description Referencte
mt19937ar Mersenne twister (default) Matsumoto disthimura 1998
mcgl6807 Multiplicative congruential generator Panki Miller. 1998

mifg6331_64 Multiplicative lagged Fibonacci generator Mascagmil Srinivasan 2004
mrg32k3a Combined multiple recursive generator uiec et al. 2002

shr3cong Shift-register generator summed with  Marsaglia 1999
linear congruential generator
swb2712 Modified subtract with borrow generator Béaglia and Zaman 1991
'Adapted from MATLAB online documentation (MathworR812).
2 References:

L'Ecuyer P, Simard R, Chen EJ, Kelton WD. 2002.G%jected-Oriented Random-Number Package with Many
Long Streams and Substreams. Operations Resear®7381075. 2002.

Marsaglia G. 1999. Random numbers for C: The ENB&nldt posting to sci.stat.math. Available online at
http://groups.google.com/group/sci.crypt/browseedltithread/ca8682a4658a124d/

Marsaglia G, Zaman A. 1991. A new class of randammimer generators. Annals of Applied Probability6P4480.

Mascagni, M, Srinivasan A. 2004. ParameterizingharMultiplicative Lagged-Fibonacci Generatorar&llel
Computing. 30:899-916.

Matsumoto M, Nishimura T. 1998. Mersenne TwisfeB23-dimensionally equidistributed uniform pseumiudtom
number generator. ACM Transactions on Modeling @athputer Simulation 8:3-30.

Park SK, Miller KM. 1998. Random Number Generat@snd Ones Are Hard to Find. Communications of the
ACM 31:1192-1201.
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Appendix A. Additional Guidance for Interpreting Phase Diagrams

In this appendix, we provide additional guidancetfe interpretation of information in the phase
diagrams. As mentioned above, the phase diagramsstine proportion of females in each of the 11
phases (defined in Table 1 above) on each dayedbitbeding season. The phase diagram is a visual
tool for understanding how the simulated pesti@glposure is projected to affect the breeding seaton
the species of interest. It is especially usefuh @omparative tool to compare one pesticide-use
scenario with a no-pesticide scenario or alteregp@sticide-use scenario. Rather than followirg th
progression of each female through various breeglvages during a season, the phase diagram shows
the proportion of the females of the populatioea&ech phase with the phases stacked on each dther.
outcomes may not be immediately obvious, so thpeagix will describe further some of the patterns
commonly observed in MCnest simulations.

All phase diagrams below are generated using thesexe scenario outlined in the Quick Start Guide
(Section Il above) with 1 Ib Al/acre applied on April with a half-life of 35 days (Figure A1,
equivalent to Figure 11 above). In addition, Tehlevhich provides a key to the phases of the ngdéc
modeled in MCnest, may prove useful as a referéarahe following material.

Figure A1l. Example Seasonal Exposure Profile farefican robins with pesticide parameters set as
described in the pesticide example of Section Ui¢® Start Guide).

<} Figure 1: Seasonal Exposure Profiles g@g
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In Section 111.B above, the simulation of a pesteewith primary effects on egg hatchability (Figé2)
illustrated that during the period when exposuveleexceed the toxicity threshold for effects on
hatchability, clutches of eggs are completed andbated but are doomed to fail (i.e., doomed
incubation), but the nest failure occurs at theapainen the eggs should have hatched. In thisdigu

the pesticide application occurs several days #iefirst clutches are initiated so the earliesdtn
attempts are not affected by the exposure andtnesthle pulse of successful nests observed at
approximately May 10. During May and early Juneréhare small pulses of new nest attempts such as
the pulse near May 14 following the first succekststs and the pulse in early June after a pdlse o
failed nests. The pulse of new nests around Magyctdirs when exposure levels remain higher than the
toxicity threshold, so as soon as those clutchesampleted, they enter the doomed incubation phase
It is not until late May that exposure levels havepped below the toxicity threshold so that nest
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attempts proceed. It is important to remembertatsimulation was run using the maximum
nomogram value, so the exposure dose on each dathegame for every female in the population.

Figure A2. Phase diagram for a simulation witlharsperiod of effects on egg hatchability (Same as
Figure 9 above).

<) |Figure 1: State vs. Time
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If the pesticide-use scenario is changed so tlea¢tiect of the pesticide is on egg productiongadtof
hatchability (with the same toxicity threshold & éhg/kg/d), the overall model outcome is similar to
that observed for the simulation in Figure A2. Hwer, the phase diagram changes significantly
(Figure A3). Immediately after the applicationApril 14, nest attempts that are still in egg prctitan
immediately fail and transition to the orange wagtperiod after pesticide failure. At the pointhe
waiting period after pesticide failure where theéde would return to the rapid follicle growth pbag
the exposure level still exceeds the toxicity thodd for egg production, the female returns immisdya
to the waiting period after pesticide failure. Thansition into the rapid follicle growth phasedan
immediate transition back into the waiting periodeg pesticides that primarily produce effects gg e
production this characteristic jagged profile. iA$-igure A1, many females completed their firsttch
prior to the April 15 application and were not atfed, with a pulse of successful nests about May 10
However, as females finish the waiting period aftsuccessful nest, the exposure level is stitidrig
than the toxicity threshold, so all new nest attenfigil until about the end of May when exposurepdr
to a level that no longer causes failures.
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Figure A3. Phase diagram for a simulation witheaqu of effects on adult behavior.
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If the pesticide-use scenario is changed so tlea¢tiect of the pesticide is on adult behavior. (ee
change in prelaying adult body weight) insteadaithability, the overall model outcome is similar t
that observed for the simulation in Figure A2; hgere the phase diagram changes significantly (ligur
A4). Immediately after the application on April, 1l active nest attempts fail in or after entgrthe
incubation phase and transition to the orange m@pieriod after pesticide failure. They remairr¢he
until exposure levels drop below the toxicity threlsl values for adult behavior surrogate endpoints.
Females from the few nests that had already failexito other ecological causes remain in the waitin
period after ecological failure, and approximatedo of the females that had not initiated thestfir
nest attempt remain in the pair formation phasacedhe exposure level drops below the toxicity
threshold for adult behaviors, nearly all femalaate a new nest attempt. This level of synchaion

in the timing of renesting is undoubtedly very slisic, but there are no data on which to base eemo
realistic pattern for the onset of renesting adt@esticide-related failure.

Since the waiting periods after success and fadueedefined as the number of days until the &ggj is
laid in the next nest attempt, this overlaps witd tapid follicle growth phase. In the phase diatg,
when females are in this overlap period they aosvshin the phase diagram as being in the rapid
follicle growth phase (rfg), which has the effettmaking the waiting periods seem shorter than is
indicated in the life history profile. For examptee waiting period after success for the American
robin is 7 d and the rapid follicle growth peri@i d, so the pulse of successful nests at aboet Zk
shows females in the waiting period for only 3dheaitthan 7 before transitioning to rapid follicle
growth.
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Figure A4. Phase diagram for a simulation witheaqu of effects on adult behavior.
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If the pesticide-use scenario is changed so tlea¢ttects of the pesticide are on juvenile survival
direct dietary exposure (i.e., fraction of the L{;50e exposure level for juveniles is high enotgh
result in nest failure for all nest attempts uaétly June (Figure A5). Because the exposure ghéoio
this surrogate endpoint is based on a 5-d timeftetjaverage, nest attempts fail after nestlings ha
five full days of exposure.

Figure A5. Phase diagram for a simulation witheaqal of effects on juvenile survival from direct
dietary exposure.
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