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A. Brief overview of the conceptual approach used in M Cnest

In the United States Environmental Protection Ag&n(USEPA) current pesticide risk
assessment process, a pair of laboratory aviandaption tests with mallardé\(as
platyrhyncho¥ and northern bobwhite€6linus virginianu$ is conducted to evaluate how
dietary pesticide exposure affects a standard stiteproduction endpoints (USEPA 1996).

The results of these tests are used in calculaskguotients (RQ) by comparing the reported
no-observed-adverse-effect concentration (NOAEC})He most sensitive measured endpoint(s)
with estimates of the maximum dietary exposure etquefor a given application rate. As a
screening tool, RQs are compared to an establiggedatory level-of-concern to categorize the
potential for unacceptable risk. Because of tigh liegree of uncertainty in these simple tools
for characterizing risk, RQs typically incorporatnservative or worst-case assumptions about
exposure and toxicity to reduce the chances ofladimg a chemical has an acceptable level of
risk when in fact it does not (i.e., false negateaclusion). Consequently, risk quotients can be
used to identify the environmental concentratioovawhich adverse effects to avian
reproduction may occur, but they cannot deterntiegprobability or magnitude of potential
reproductive effects.

An alternative conceptual framework for interprgtthe results of avian reproduction
tests was proposed by Bennett et al. (2005). IBrigfinvolves linking the types of effects that
may occur during each phase of a bird’s reprodaaticle (e.g., pair formation, egg laying,
incubation, nestling rearing) to selected surrogatdpoints from all three standard avian toxicity
tests and relates those effects to the estimatgasexre during each phase under a given
pesticide-use scenario (Bennett et al. 2005). @srthe great majority of avian reproduction
tests do not provide quantitative dose-responsgnmdtion for surrogate endpoints, by necessity
the alternative approach is based on a seriesasegpbpecific deterministic decision points—
essentially RQs for specific surrogate endpointsaah breeding phase—for determining whether
the nest attempt fails or continues (Figure 1)soAkstimated exposure and effects endpoints are
expressed as ingested doses (e.g., mg/kg/dayy thdreas concentrations on food (e.g., ppm in
diet). In the framework proposed by Bennett e{2005), if the estimated exposure during the
critical exposure period is less than the estabtigoxicity threshold (e.g., the no-observed-
adverse-effect level or NOAEL) for surrogate endgpoat each phase, the nest continues without
disruption. However, if exposure exceeds the toxtbreshold for a surrogate endpoint, the
nest attempt is assumed to have failed and theléemmay be able to renest if conditions permit
and sufficient time remains in the breeding seasilso, for those species that can produce
multiple broods in a single breeding season, fesalay renest after successful nesting attempts
if conditions permit. The simulated performancegfopulation of females in relation to the
timing of pesticide applications is modeled over tourse of a full breeding season (Bennett et
al. 2005). Consequently, using this framework,dffects of a pesticide on annual reproductive
success are not only a function of the results/@ratoxicity tests, but also are quite sensitive t
the timing of pesticide applications relative tepeecies’ breeding season and to differences in
life history characteristics among species.
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Phase-specific Exposure  PHASE OF
endpoints measure ~ BREEDING CYCLE Decision points  gime permitting,
restart breeding cycle
+ NOAEL adult + 1-dEDD PAIR FORM/ < if EDD < adult «—
body wt prelaying BREEDING SITE behavioral endpoints
+ 1/10 of LD50 + 1-dEDD SELECTION \
o AnyRQ>1?—» YES —  » gz';yed
+ NOAEL eggs laid/ + 1-dEDD  FOLLICLE NO attempt
hen GROWTH &«
+ NOAEL eggshell +1-dEDD EGG
thickness/hen PRODUCTION \ failed
AnyRQ>1?—> YES ——» nest
& attempt
» NOAEL adult * 1-dEDD NO
body wt prelaying i
+ 1/10 of LD30 * 1-dEDD INCUBATIONTO ailed
+ NOAEL % viable/  + 1-dEDD HATCHING aile
eggs set/hen Ty AnyRQ>1?7__,YES —, nest
» NOAEL % hatch/ * Follicle / attempt
viable eggs/hen TWA NO
+ NOAEL adult + 2-dTWA NESTLING /
body wt prelaying REARING TO
+ 1/10 of LD50 + 2-dTWA FLEDGING \
« Fraction of LC50  + 5-d TWA Any RQ > 17 —» YES , Cchicks
+ NOAEL % 14-d * Follicle O“/ lost
chicks/hatchlings/ TWA N
hen T s -
uccessful breeding attempt

(i.e., fledglings produced)

Figure 1. Four phases of avian breeding cycle plikse-specific toxicity endpoints and
associated exposure estimates (i.e., estimategdizske [EDD] or time-weighted average dose
[TWA]) used in risk quotients (RQs) at each decisiwint.

The framework described above identifies threegmates of effects resulting from direct
exposures that may occur: 1) effects on adult\dehand reproductive performance from
external exposure (e.g., dietary), 2) effects astlimg growth and survival from external
exposure, and 3) effects on nestling growth andigalrfrom in ovoexposure. Some potential
effects have direct corollary measurements fronreépeoduction test (e.g., percent hatchability
related tan ovoexposure), while other effects have more indisectogate measures (e.g., using
change in adult body weight during the pre-layiegqd as an indicator of overall parental well-
being and behavioral effects). Some effects, sisahestling toxicity from external exposures,
have no surrogate directly from the reproductiat because chicks are not exposed to treated
diets. However, data from other toxicity testsased as surrogates. While indirect effects of
chemicals also may reduce reproductive successddry toxicity tests cannot provide
adequate surrogate endpoints for these effectsghaydare not addressed currently in the
framework. However, on a case-by-case basis thelg de included if sufficient information is
available for defining appropriate decision poimntshe framework.
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A flexible mathematical model, known as the Marktnain nest productivity model or
MCnest, has been developed for implementing theeqmal framework of Bennett et al.
(2005). It projects estimates of pesticide effectseproductive success for a broad range of
species and can be modified to incorporate eith&rse or abundant life-history data. MCnest
builds on over 40 years of avian nest-survival nfiaden the ornithological literature. Etterson
and Bennett (2005) showed that a simple Markovrchradel is equivalent to the well-known
Mayfield (1961, 1975) nest-survival model when $amassumptions are imposed and unifies
many current formulations of nest survival estimatmodels (e.g., Johnson 1979, Hensler and
Nichols 1981, Bart and Robson 1982, Dinsmore 2@02, Shaffer 2004). Etterson et al. (2009)
demonstrated how alternative approaches for defitiia length of the breeding season affected
productivity estimates. Bennett and Etterson (2@0&sented a demonstration of an earlier
version of the model applied to a pesticide-usaate. MCnest also can be applied to
contaminant effects questions in other USEPA Pragtdfices, though at present the model is
not designed to adequately estimate the effedisoaiccumulative chemicals where effects on
hatchability and hatchling survival may result frelhremical residues accumulated prior to the
egg formation period.

The decision to develop MCnest as a Markov prosessbased in part on the iterative
nature of avian breeding (propensity to renest &itber failure or success of a nest attempt),
which is naturally captured in the cyclic naturevtdrkov processes and easily represented in the
associated transition matrices. Another importamisideration is the way in which important
nest survival parametersy andny) are estimated equivalent to the Mayfield estimalaus,
the choice to simulate nest survival and produgtias a Markov process is consistent with way
in which important model parameters are generatd.have considered other mathematical
methods (specifically individual-based models aifiéibntial equations) for simulating avian
reproduction (see Etterson et al. 2011) and fobatlthe Markov approach was the most suitable
for development of MCnest.

Most of the data used in MCnest are in the forrmpét parameters provided by the
model user and represent three categories of pgraimeters: toxicity threshold values for
surrogate endpoints, pesticide application scesaaind species life-history parameters (Figure
2). MCnest uses information for parameterizingdibx threshold values and application
scenarios that is currently available in the riskemsment process. The model user may use
default life-history parameters from a library efan species available to MCnest or create new
or modified species parameter profiles.

In the Basic Version of MCnest, the estimated expo$o a species immediately after a
pesticide application (i.e., initial dietary dosepased largely on the approach used in the
Terrestrial Residue EXposure model (a.k.a. T-RE)edboped by the USEPA Office of
Pesticide Programs. In addition to estimatingniean and maximum dose as in T-REX,
MChnest also gives the model user the option ofguaidistribution of initial doses based on the
mean and standard deviation of residues expectedrous food types in the diets of each
species (discussed further in Section C below).

Once all input parameters are set, a model sinomat MCnest follows the breeding
activities of a population of females each day tiglmout a breeding season. The temporal
pattern of breeding activity of each female (itensitions among breeding phases) varies due to

8
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differences in the initiation date of the first hatempt and due to a specific probability each
day that the nest attempt could fail from ecologoeaises such as predation or weather. When a
nest attempt fails, each female can make a newptté there is time remaining in the breeding
season, and for many species, females make a tawpatafter completing a successful brood.

If the simulation incorporates one or more pesé@gplications, the pesticide exposure may
represent an additional cause of nest failuresripg on the types of pesticide effects observed
in tests and the timing of the application relatiweéhe phase of the nesting attempt for each
female (Figure 1). When a nest attempt fails dueetsticide exposure, each female may make a
new attempt if there is time remaining in the bregdeason and pesticide residues decline to
levels that would not affect parental well-beirds MCnest follows each female of the
population through the breeding season, it tabsiltte number of nest attempts and successful
broods (i.e., broods surviving to fledging).

The primary output of each MCnest simulation isatimate of the number of successful
broods per female per year, which can be multighgthe number of fledglings per successful
nest to estimate the number of fledglings per fenpakr year (i.e., annual reproductive success).
A “successful brood” is defined as a nest attemnptipcing one or more fledglings. However, to
put the output from a single MCnest simulation inirtg a pesticide exposure into perspective,
it is compared to the output of a simulation(s)wiit pesticides. Calculating the relative
difference between scenarios with and without peltiexposure provides an estimate of the
potential magnitude of pesticide effects to anmaptoductive success under a specific pesticide-
use scenario. MCnest also can provide informagiomwhich species are at greatest risk under a
specific pesticide-use scenario or which applicatiates have the greatest impact throughout a
breeding season. This quantitative estimate dfques effects on annual reproductive success is
needed for use in population modeling or probatiulissk assessments.

While MCnest provides an approach for quantifying éffects of pesticide exposure on
avian reproductive success, caution is neededengreting the results, especially when
conservative assumptions are made concerning pgraimeters. Because of data gaps and
uncertainty in information on species life-hist@grameters and for quantifying toxicity and
exposure, it is inevitable that assumptions wilkéguired when using available data to
determine input parameters. The ecological risessment process traditionally has used
conservative assumptions when addressing uncertaimeduce the probability of concluding
that there is not an unacceptable risk of advdisete when, in fact, there is an unacceptable
risk. Due to limitations of the toxicity data, theodel structure of MCnest has incorporated a
conservative assumption by assuming that exposhaéexceed a specified toxicity threshold of
a surrogate endpoint will lead to a nest failiWée recognize that not every exposure
exceedance of the toxicity threshold value in tekfwill result in a nest failure, but given the
lack of information from the reproduction test tprantitatively describing the dose-response
relationship, failure is assumed the worst outcéon¢he nest. Consequently, estimates of the
reduction in reproductive success from MCnest sgrea conservative estimate of potential
pesticide effects that may occur in the field. Ufatversions of MCnest could incorporate dose-
response information into the decision points wiiénavailable. Model users also may
incorporate conservative assumptions in MCnestlaitioms through selection of parameter
inputs, such as using the maximum nomogram vahstead of the estimated distribution of
residue values or by selecting the 35-d defauliesédr the residue half-life value instead of
chemical-specific information of the rate of rediegradation. However, when using
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conservative assumptions, model users need to aeedtat not only will the model results be

more conservative (i.e., estimate a greater resludti annual reproductive success than may

occur in the field), but the relative responses agngpecies and across applications dates will
change in ways that may make these comparisongfessiative. This is discussed in greater
detail in Section H (Model Assumptions and Unceitias) below.

While the primary goal of MCnest is translating itadale toxicity data into a currency
useful for population-level assessments by estirgdatie magnitude of change in annual
reproductive success for a species exposed toc#isgeesticide-use scenario, the ultimate
challenge in ecological risk assessment is to eséirthe effects of pesticide use on population
growth rates in complex landscapes where pesteigesure often is patchily distributed.
MCnest can be an important tool in that challege isn’'t the only tool needed. The model
user must recognize that MCnest intentionally sifigsl aspects of the exposure scenario, but
these simplifications can be addressed by the maaglwithin a population-modeling
framework. First, in each MCnest simulation a jpa$t is applied on a single day for the entire
population, when in reality pesticide applicati@me asynchronous across a landscape in
response to pest levels and weather conditiong. M@nest user can run simulations for a series
of possible application dates to estimate the dveffect as a cumulative function of the relative
effect on each date and the probability of an @&pgibn made on that date. This gives the model
user both an overall estimate of the effect ofgésticide for any distribution of possible
application dates and information on which spea@fgplication dates pose the least or greatest
risk. Second, all females in a simulation are eggato the pesticide. MCnest currently does not
include a spatial component that allows the usexpmse only a portion of the population to the
pesticide as would occur across a heterogeneodsdape, but the MCnest results can be used in
spatially-implicit or spatially-explicit populatiomodels to simulate patchy exposures. Third, all
females in a simulation are active breeders evengt in field populations it is possible for a
certain portion of the population to remain in nmeeding status (i.e., floaters). Again, this can
be addressed best in a population model, espesialtg the proportion of active breeders each
year may be a density-dependent function. The teeaddress any of these issues depends
largely on the specific risk management questiangoposed.

10
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Toxicity thresholds Application Species life history parameters
1/10 of LD50 scenario Typical start and end dates of egg laying
NOAEL for pre-laying body wts o Daily nest failure rates during laying/incubation & brood rearing
NOAEL for # eggs laid per pair Application date(s) Mean clutch size and intra-egg laying interval
NOAEL for eggshell thickness Application rate(s) Incubation starts with penultimate or last egg
NOAEL for viable embryos/set Residue half-life on food Duration of rapid follicle growth, incubation, & brood rearing periods
NOAEL for hatchlings/viable embryos Duration of waiting periods after nest success & failure
NOAEL for 14 d old chicks/hatchlings Mean female body weight
Fraction of LC50 Dietary composition of adults and nestlings
MCnest
Phase-specific Exposure  PHASE OF - i
endpoints measure BREEDING CYCLE Decision points Time permitting.
restart breeding cycle
+ NOAEL adult - 1-dEDD  PAIR FORM/ if EDD < adult «—
body wt prelaying BREEDING SITE behavioral endpoints
« 1/10 of LD50 - 1-dEDD  SELECTION
o AnyRQ>1?—»YES —  » gz‘:tye“ -
+ NOAEL eggs laid/  * 1-dEDD  FOLLICLE NO attempt
hen GROWTH/ &«
+ NOAEL eggshell - 1-dEDD EGG
thickness/hen PRODUCTION\ failed
nest
Ot AyRQ> 17— YES —— T8 — MCnest outputs
+ NOAEL adult + 1-dEDD NO
body wt prelaying re .~
+ 1/100f LD50 +1-dEDD  INCUBATION TO Iy | #successful broods/female
+ NOAEL % viable/  + 1-dEDD HATCHING aile
- NOAEL %1 e —— nest # nest attempts/female
- NOAEL % hateh/  + Follicle - * attempt % nest success rate
viable eggs/hen TWA / e Temporal phase diagram
« NOAEL adult < 2dTWA NESTLING Brood histogram
body wt prelaying REARING TO H
« 1/10 of LD50 - 2.dTWA FLEDGING \ ) Temporal exposure profile
* Fraction of LC50 * 5-d TWA AnyRQ>1? —» YES —» chicks
+ NOAEL % 14-d + Follicle 2 lost
chicks/hatchlings/ TWA NO* =
hen Successful breeding attempt
(i.e., fledglings produced)

Figure 2. MCnest model inputs and outputs.

B. Selection of surrogate endpoints

The conceptual approach described in Bennett €@05) recognizes that the current
avian reproduction test is not sufficient on itsnote directly estimate effects on annual
reproductive success, but it provides data for mmegsendpoints that may represent several of
the specific types of effects that occur in thédfieThey define these test endpoints as surrogate
endpoints and briefly describe the rationale feirthise as a surrogate for effects in the field.
However, there are several types of potential &ffecthe field that are not represented in the
reproduction test (Mineau et al. 1994a, Mineau 2@&5nett and Etterson 2006), though there
may be endpoints in the avian reproduction testdha act indirectly as surrogate endpoints in
these cases. For other types of field effectethes no suitable surrogate endpoints available
from the reproduction test. In such cases, s@tabirogate endpoints may be available from
other laboratory tests or pen and field studies: @xample, Bennett et al. (2005) proposed using
data from the 5-day LC50 test as a surrogate fatatity of chicks from direct pesticide
exposure, since chicks are not fed pesticide-tdeditets in the reproduction test.
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Pesticides may cause a variety of proximate eff@cts, effects on parental behavior,
eggshell thickness, or hatchability of eggs) thioatlj the breeding phases that can result
ultimately in a change in annual reproductive sesc&here are several major categories of
effects resulting from different pathways of expas(lable 1). Bennett et al. (2005) described
three of these categories for effects resultingifairect exposures: 1) effects on adult behavior
and reproductive performance, including egg pradacind eggshell quality, from external
exposure (adult extrinsic); 2) effects on juvemgitewth and survival from external exposure
(juvenile extrinsic); and 3) effects on juvenil@gth and survival fronin ovoexposure
(juvenile intrinsic). There are two additional @gbries involving indirect effects, namely
reduced food resources to adult and juveniles, vwvere not previously discussed, but could be
important to the assessment of overall effectswiemareproductive success.

During each of the breeding phases, effects maytreia one or more of these exposure
pathways (Table 1). To fully assess the potens&k of pesticide exposure on overall
reproductive success, all potential effects of stipiele should be identified and, where data
exist, surrogate endpoints should be defined ferim& model of reproductive effects. For many
types of effects, surrogate endpoints would nedsktderived from sources other than the
laboratory avian reproduction test because, as it al. (1994) describe, the test measures “a
very unnatural and truncated reproductive perfogedanWhile the test simulates an extended
period of egg laying, there are many types of ¢ffeelated to changes in adult behaviors that
cannot be observed, including behaviors affectiegt monstruction, clutch completion,
incubation, or rearing of nestlings that are imanttin determining overall reproductive success.
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Table 1. Types of effects possible during eachrakr@eding phase by major categories of exposure.

Breeding phase

Adult direct

Juveniteovo

Juvenile direct

Adult indirect

Juvenile indirect

Pair formation/
Breeding site
selection

Territory loss or nest
abandonment due to
sublethal effects or
death

Follicle growth/
Egg production

Reduced clutch size

Nest abandonment du|
to sublethal effects or
death of adults or
eggshell failures

1]

* Not applicable

* Territory loss or
abandonment due tq
reduced food
availability/ habitat

* Reduced clutch size]

* Nest abandonment
due to reduced food
availability/ habitat

Incubation to
hatching

Nest abandonment du
to sublethal effects or
death of adults

Reduced hatch due to
infertility

» Embryotoxicity due
to in ovoexposure

» Embryotoxicity due
to external eggshell
exposure

* Nest abandonment
due to reduced food
availability/ habitat

« Not applicable

Nestling rearing to
fledging

Brood abandonment
due to sublethal effect
or death

Reduced juvenile
growth and survival
due to reduced parent
care and defense

7

b

* Reduced juvenile
growth and survival
due toin ovo
exposure

» Reduced juvenile
growth and survival
due to direct post-
hatch exposure

» Brood abandonmen
due to reduced food
availability/ habitat

* Reduced juvenile
growth/survival due
to reduced parental
foraging success

* Reduced juvenile
growth and survival
due to reduced food
availability/ habitat

13
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The Basic Version of MCnest focuses on surrogatipeints for direct effects though it
is capable of including decision points for all égpof potential effects, assuming that a
meaningful surrogate endpoint and exposure peaode defined. There are many issues still
to resolve on how best to integrate informationrahrect effects into this model. Also, because
the Basic Version of MCnest focuses on the femalihe subject of the model, rather than
individual eggs or chicks, it does not follow thengval of juveniles after fledging or their
sexual maturation as adults. Post-fledging peréorre is better addressed using a separate
modeling approach.

1. Attributes of surrogate endpoints

Surrogate endpoints must have certain attributée taseful in MCnest or in other
models of reproductive effects such as those pteden Roelofs et al. (2005) and Topping et al.
(2005). Not all measured endpoints of effects pesshe attributes to be useful as surrogate
endpoints in estimating pesticide effects on ovenahn reproductive success.

First, surrogate endpoints must be measurememffeutt that can be linked to an
exposure concentration or dose. While this idtikedly straightforward in controlled-dose
laboratory studies, linking effects to an estimagggdosure can be more difficult in pen and field
studies, not only because exposure may be moieudiffo measure, but also because exposure
can be very dynamic over time. To be most effector pesticide risk assessments, the
estimated exposure concentration or dose shouddbalselatable to an application rate (i.e.,
application rate x» exposure dose y effect z).

Second, surrogate endpoints must be measuremeeffecf that can be related directly
or indirectly to field effects that ultimately m#sad to changes in reproductive success (See
Table 2). For example, an observed reduction iohiag rate fromin ovoexposure in a
laboratory test may relate quite closely to an olestreduction in hatching rate measured in the
field from comparable pesticide concentrationsgge Reduced hatching success can result
directly in changes in reproductive success. H@aruesome measurement endpoints (e.g.,
change in a biochemical concentration or in a biemavmeasurement) may require additional
information to demonstrate their relationship tamtes in reproductive success. Measurement
endpoints that are proposed as indirect surrogditeBects on reproductive success need to be
examined on a chemical-by-chemical basis to ertharelausibility of these relationships. A
measured endpoint should not be used as a surregdpeint when there is no plausible linkage
between the endpoint and effects on overall regrtviisuccess. Establishing plausibility may
require reliance on completely separate—and umcktanodels; e.g., an efficacy model relating a
given application rate to the proportion of inverige kill in the case of indirect effects.

Third, for use in deterministic phase-specific dams, surrogate endpoints of direct
effects must be expressed as a daily dose (i.eactige ingredient [Al]/g body weight/day)
below which the risk of adverse effects is congdeacceptable. This dose is referred to as the
toxicity threshold value. In Bennett et al. (200%se toxicity threshold values were primarily
represented by the NOAEL for the surrogate endpdinin the avian reproduction test.

Finally, although not strictly an attribute of therrogate endpoint itself, the toxicity
threshold value for each surrogate endpoint neets tompared to an estimate of
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environmental exposure during an appropriate exgogseriod. A key issue is determining what
constitutes an “appropriate” exposure period. é@mple, if effects can occur very rapidly,
such as changes in adult behavior leading to festddbnment, the appropriate exposure period
may be as short as a single day immediately pregdate effect. On the other hand, for effects
such as reduced hatchability or chick survival thue ovoexposure, the appropriate exposure
period for rapidly-metabolized pesticides is durihg time of egg formation, which occurs days
or weeks before the effect can be observed, andomalgfined as a time-weighted average
(TWA) dose based on the length of the rapid faligtowth period for each egg. The selection
of appropriate exposure periods is discussed iatgreletail below.

2. Default surrogate endpoints from existing laboratory studies

The Basic Version of MCnest is programmed withréeseof eight default surrogate
endpoints from standard laboratory toxicity tesieel primarily on northern bobwhite and
mallards (Table 2), each of which can be used bused at the discretion of the model user.
Many of the surrogate endpoints were proposed mBt et al. (2005). A few additional
surrogate endpoints were included in MCnest basdti@reasoning presented in a recent
revision of the European Union (EU) Guidance Docoinos Risk Assessment for Birds and
Mammals (EFSA 2008). This section provides addélguidance for the use of default
surrogate endpoints from existing laboratory testdCnest. Depending on the nature of a
particular chemical, additional surrogate endpaoméy be appropriate for representing the same
or other potential direct effects. The Basic Vensof MCnest has the capability to modify
surrogate endpoints during each breeding phase thiegrcan be justified; however, it is very
important to assure that new surrogate endpoimegroperly linked to an appropriate
exposure period. This is particularly critical wiaé¢here is a lag time between exposure and
expression of the effect (e.g,ovoexposure-related effects).

In MCnest the surrogate endpoints are expresstikigsty threshold doses (i.e.,
mg/kg/day), which represent the dose below whiciicaaptable adverse effects are not
expected. For surrogate endpoints from the awproduction test, the toxicity thresholds may
be based on the NOAEC for that endpoint. Howetest,endpoints from the avian reproduction
test and the LC50 test are usually reported adittary concentration (mg/kg in diet), rather
than as a daily dose. There are multiple possippgoaches for making this conversion, but no
standardized approach, so at this point MCnest doeattempt to standardize the method for
the conversion. In the Basic Version of MCnesis the responsibility of the model user to
convert dietary concentration for test endpoints an estimate of the comparable dose using the
information on body weights and food ingestion sgieovided in the test reports.
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Table 2.Types of effects and corresponding surrogate entipased in the Basic Version of
MCnest for each avian breeding phase.

Breeding phase | Phase-specific effect of Type of Test endpoint used as Comparable
concern effect surrogate exposure period for
phase-specific RQ
Pair formation/ | Adult behavioral effects | Extrinsic 1/10 of LDy 1-day maximum
breeding site leading to territory adult estimated daily dose
selection abandonment or delayed (EDD)
breeding Extrinsic NOAEL for adult body wt | 1-day EDD
adult pre-laying
Follicle Adult behavioral effects | Extrinsic NOAEL for the number of | 1-day EDD
development leading to abandonment | adult eggs laid per hen
and egg laying | of nest attempt
Reduced eggshell quality] Extrinsic NOAEL for mean eggshell| 1-day EDD
leading to abandonment | adult thickness
of nest attempt
Reduced clutch size Extrinsic | NONE NONE
adult
Incubation and | Adult behavioral effects | Extrinsic 1/10 of LDy 1-day EDD
hatching leading to abandonment | adult NOAEL for adult body wt | 1-day EDD
of nesting attempt or pre-laying
reduced nest attentiveness
Reduced fertility Extrinsic NOAEL for proportion of | 1-day EDD during
adult viable eggs per eggs set pefollicle development
hen and egg laying
Embryotoxicity fromin Intrinsic NOAEL for proportion of | Follicle development
ovoexposure leading to | juvenile hatchlings per viable eggs| time-weighted
reduced hatchability per hert average (TWA)
Embryotoxicity from Extrinsic NONE NONE
external eggshell juvenile
exposure leading to
reduced hatchability
Nestling rearing| Adult behavioural effects| Extrinsic 1/10 of LDy 2-day TWA
until fledging leading to brood adult NOAEL for adult body wt | 2-day TWA

abandonment or abnormT

parental care

pre-laying

Reduced nestling survival Extrinsic

from direct exposure

juvenile

1/10 of LDy,

1-day EDD (juvenile
diet)

Fraction of 5-d LG,

5-day TWA (juvenile
diet)

Reduced nestling survival Intrinsic

and growth fromn ovo
exposure

juvenile

NOAEL for proportion of
14-day-old juveniles per
number of hatchlings per

Follicle development
TWA

hen

T Alternatively, if the NOAEL for proportion of hattings per number of viable eggs is not availabss the lower
of the NOAEL for proportion of 3-week live embrypsr number of viable eggs or the NOAEL for propmrtof
hatchlings per number of 3-week live embryos.

16




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Technical Manual for Basic Version of MCnest — ketoy 2013

The surrogate endpoints used in the Basic VerdidnGnest are as follows:
a. Adult pre-laying body weight

Bennett et al. (2005) proposed using a changeutt bddy weight during the pre-laying
period of the avian reproduction test as a sureogatipoint for parental well-being during all
breeding phases from territory establishment tdgfileg, except the egg-laying phase. This
proposal now has been refined to focus on chamglesdy weight observed in the first two
weeks after the onset of treatment because isisragate for physiological or behavioral
responses resulting in nest and territory abandahoreeduced nest attentiveness that may
occur rapidly after an initial pesticide exposufault body weight is the surrogate endpoint
with the most indirect connection between the messaffect and the potential responses of
birds in the field. The avian reproduction testiésigned so that many of the pesticide-related
responses potentially expressed by breeding aidulte field cannot be observed in the
laboratory. While we cannot observe many of treehdt behavioral changes that threaten the
success of a nest, we do measure pesticide-relatetjes in parental food consumption and
body weight. Food consumption measurements camgbdy variable and biased by
unmeasured spillage, whereas changes in body weaghbe more accurately measured.
Consequently, a rapid change in body weight dutledfirst two weeks of the pre-laying period
in the avian reproduction test is considered tarbappropriate surrogate of possible effects on
the overall well-being of the adult females in fieéd that could ultimately lead to nest failure.
Because parental responses may occur rapidly foipan initial pesticide exposure, Bennett et
al. (2005) proposed that the NOAEL of the body \wegurrogate endpoint be compared to the
expected dietary dose on each day during a bregitliage (i.e., 1-day estimated daily dose or
EDD). For some pesticides, this may lead to a eenservative decision point if the NOAEL
for change in body weight is considerably lowemtladose causing behavioral effects leading to
a nest failure, though in most cases informatiothisfield effect would be unknown.

However, other pesticides may cause effects ort agblvior without impacting body weight in
the laboratory test, leading to decisions that testenate risks. The adequacy of using a
change in adult body weight as a surrogate endgbimild be evaluated on a pesticide-by-
pesticide basis.

During the nestling-rearing phase, Bennett et2l06) argued that the change in pre-
laying body weight should be compared to the 2-B&4A for exposures throughout the phase
because nestlings can withstand reduced parem&afaaapproximately one day, but may not be
able to withstand longer periods of reduced attentss.

The comparison of changes in adult body weightrdutihe pre-laying period to single
day (or 2-day TWA) exposure doses has been cetickecause the measured effect (i.e., change
in body weight) takes more than a 1-day exposutetobserved. In determining the
appropriate period of exposure to compare withreogate endpoint, it is important to focus on
how rapidly the field effect of concern is exprabsadter an initial exposure, rather than the time
course of the effect measured in the laboratomythils case, the concern is over sublethal
behavioral and/or physiological effects that camseanest failures soon after initial exposures,
such as the nest or brood abandonments observeaty stiter application by Busby et al. (1990)
and Brewer et al. (1988). Consequently, despgilegua change in adult body weight as the
surrogate endpoint, the concern is not over howkiyibirds lose weight following a pesticide
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application, because weight loss may not be releteetine response of wild birds if they
abandon the area or change feeding sites. Howiétee, laboratory birds show a significant
change in body weight in the first two weeks of @re, then it is likely that sublethal effects,
such as reduced food consumption or reduced maétadbciency, began shortly after the initial
exposure, and that sublethal effects such as thagée indicative of other effects that threaten
the success of the nest attempt.

One issue to consider is that while original avigoroduction study reports present

analyses on treatment-related differences in bogights measured bi-weekly prior to the onset

| of egglaying, the data and analyses on pre-laying bodght® are not currently included as part
of the OPP Data Evaluation Records (DER). Whikelibdy weight data at the end of the test is
included in the DERSs, this endpoint IS NOT an adégsubstitute for pre-laying weight as a
surrogate endpoint. Also, there are at least twthods for analyzing the data on changes in
pre-laying body weights. Many avian reproductitudy reports simply perform an analysis of
variance on the actual body weights at each priedayeasurement period. A more statistically
sensitive analysis for treatment effects on bodigiate would be to use a repeated measures
analysis of variance or to conduct the analysiganiance on the change in weights since test
initiation (i.e., difference in weight between wedkand 2 for each individual) among
treatments.

b. 1/10 of the LEy

One concern raised about the original proposali$arg pre-laying body weight as a
surrogate endpoint for adult well-being is thathinges in body weight are not observed until
several weeks after the onset of treatment, thisgenay be much longer than a realistic
exposure period with most current pesticides. LUgrfpe that reason, the recent revisions to the
EU Guidance Document on Risk Assessment for BindsMammals (EFSA 2008) proposed
that an alternate surrogate endpoint of adult Wwelkg be derived from results of the avian acute
toxicity (LDsg) test. Ideally, the test could provide information the single oral dose below
which mortality and/or overt signs of poisoning act observed. However, many §Jlests
produce mortality and other signs of toxicity atleaose tested and do not adequately document
presence and severity of sublethal signs of pomgpnA review of LR}y studies showed that
severe signs of toxicity likely to interfere wittbad’s normal activities tend to be recorded at
dosing levels greatéhan 1/10 of the LB (Callaghan and Mineau 2000). On the basis of this
work, itis proposed that, as a default, 1/10 of thedti2 used as a surrogate endpoint for effects
on adult behavior leading to disruption on nessngcess and that it be compared to the
expected dietary dose on each day during a bregitliage (i.e., 1-day EDD), except during the
nestling rearing phase where it is compared t@tday TWA exposure dose. However, if a
model user has chemical-specific data on whichetovd a refined estimate of the dose below
which mortality and/or overt signs of poisoning act observed, this value can be used as an
alternative to the 1/10 of the lspsurrogate endpoint. The model user is respon&ible
providing the rationale for alternative values.

c. Eggshell thickness and number of eggs laid
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Mean eggshell thickness per hen and the numbeggs kaid per hen are surrogate
endpoints reflecting effects to adults from dingesticide exposure during the egg-laying phase.
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A reduction in eggshell thickness is a surrogatenést failures related to cracked and broken
eggs with reduced eggshell quality. Although tfieats on eggshell thickness observed in the
avian reproduction test occur after an extendembgef pre-laying exposure of the parents,
other studies have shown that pesticides may agfggshell quality rapidly after the initial
exposure (Bennett et al. 1990, Bennett and Bed®9€@). Adverse effects of reduced eggshell
thickness, such as egg breaking or punctures, maxpressed in the field during either the eggagyr
incubation phases, but it is used in MCnest asragate endpoint during the earlier breeding phase
where effects may occur and affect the outcoméehest.A reduction in the number of eggs laid is
a surrogate for effects on adult well-being that lsad to nest abandonment or reduced nest
attentiveness. The cluster analysis conducted img&i et al. (1994a) showed that these two
endpoints segregated into different categoriegegpponses observed in avian reproduction tests,
and both are needed as surrogate endpoints teegprthe range of parental effects possible
during egg laying. However, reduced egg produdtiaime laboratory test is not an appropriate
indicator of reduced clutch size in the field, hesmit is unclear if reduced production in the
laboratory translates into a proportional reductionlutch size, complete abandonment of the
nest, or a longer period of time to complete a radrsize clutch (Mineau 2005). The
determinants of clutch size in the field involveional and sensory cues that are not present in
a laboratory test where eggs are removed dailgrdicial incubation. For this reason, reduced
egg production should be seen as a broader indichtmult well-being during the egg-laying
phase that could ultimately affect reproductivecess and that may be expressed in several
ways in the field. Because some pesticides catiadigg production and eggshell thickness
rapidly after initial exposures, Bennett et al.q8Pproposed that both endpoints be compared to
the estimated dietary dose (i.e., 1-day EDD) o ekay during the egg-laying phase. If
evidence exists for a pesticide indicating thairayer period of exposure is necessary to produce
effects on these endpoints, an exposure estimatsllmn a longer TWA may be appropriate, but
the Basic Version of MCnest does not include tipisam. The existing avian reproduction test
itself does not provide information on the rapidifyonset of effects for the reproductive
endpoints because of the extended period of piagaxposure.

d. Proportion of viable eggs per eggs set

Bennett et al. (2005) also proposed that the p&gerof viable eggs per number of eggs
set per hen be used in decisions during the egggghase as a surrogate for direct parental
effects leading to reduced egg viability. Whilestandpoint is intended to be a surrogate
measure for pesticide effects on fertility (i.eguction of infertile eggs), egg viability is
determined by candling eggs at approximately 1k adyncubation, and it is very difficult using
this approach to separate infertility due to pakexposure from early embryo mortality due to
in ovoexposure. Consequently, without detailed analyfailed eggs, this endpoint potentially
represents a combination of infertility and eantybeyo death. An additional factor is that
infertility due to parental exposure may be duthtodirect chemosterilant activity of the
chemical to males or to sublethal intoxication tfealuces or stops mounting behavior by the
male. Without additional testing or knowledge lod themical, it is difficult to determine from
current practices in the avian reproduction test edigs are not viable. Also, adverse effects on
egg viability usually would not be detected by paeent until late in incubation, making it more
appropriately a surrogate endpoint for effects oleskat the end of the incubation phase (Table
2), rather than during egg laying, as proposedanrigtt et al. (2005).
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Bennett et al. (2005) proposed that this surrogatioint be compared to the expected
dietary dose on each day (i.e., 1-day EDD) durmggfollicle growth and egg production phase.
Jones and Jackson (1972) and Jones et al. (19f@)ndé&rated that male fertility in Japanese
guail can be decreased within days after single-@aposures to certain chemicals.
Consequently, using single-day exposure dosesglthinegg-laying period (from start of the
rapid follicle growth period through egg laying)the default exposure period is intended to
represent chemicals that can rapidly affect feytiiHowever, some chemicals can depress
fertility rates for many weeks or even permaneibynes and Jackson 1972, Jones et al. 1972,
Schafer et al. 1976), in which case, chemical exfassoccurring well before the start of egg
laying could lead to higher rates of male infetfili The default exposure period in the Basic
Version of MCnest does not address this situatiod, because the effects on the pattern of
fertility vary among chemicals, it would be diffitto establish a single default exposure period
that was suitable for all chemicals. When inforioraexists on the specific effects of a chemical
on the proportion of viable eggs, it is possiblat tilCnest could be modified to incorporate that
information by modifying the exposure period formqmarison with the toxicity threshold value.
The use of the 1-day EDD in the Basic Version ofd&t may represent a conservative estimate
of exposure for comparing with toxicity thresholidtlois surrogate endpoint.

e. Proportion of hatchlings per viable egg

During the incubation phase, the proportion of hiittgs per number of viable eggs per
hen is proposed as a surrogate for effects on &lildly in the field. This endpoint has been
modified from the proposal in Bennett et al. (2006) currently accepted protocols, viability is
assessed by candling at 11 days (bobwhite) or {4 (@aallard) of incubation (USEPA 1996).
Originally, this endpoint was proposed as the pasge of hatchlings per number of eggs set per
hen. However, the proportion is more appropriabalged on the number of viable eggs to
separate the effects of ovoexposure on late embryotoxicity from the combintdats of
reduced fertility and early embryo mortality. Tkisrrogate endpoint should be compared to the
time-weighted average of exposures occurring duhegeriod of rapid follicle growth of each
egg prior to laying.

Many studies do not specifically report the projoriof hatchlings per number of viable
eggs per hen, but rather report the proportionwe8k live embryos per number of viable eggs
and the proportion of hatchlings per number of Zkvéve embryos. In such cases, the more
sensitive of the two endpoints should be used@asuirogate endpoint to represent the effects of
in ovoexposure on hatchability. Regardless of whicthete endpoints is used as the surrogate
endpoint, it should be compared to the TWA of expes occurring during the period of rapid
follicle growth prior to laying. Consequently, tbaration for the TWA will vary among species
based on the length of their rapid follicle groyttriod (See additional background in Appendix
A). Because the Basic Version of MCnest estiméites®xposure only during the period of rapid
follicle growth, it may not be suitable for bioacgulative pesticides where the deposition of the
pesticide into yolk may be a function of a longeripd of dietary exposure occurring prior to
egg formation.

20



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Technical Manual for Basic Version of MCnest — ketoy 2013

f. Proportion of 14-day-old chicks per hatchling

During the juvenile rearing phase, the proportibti4-day-old chicks per number of
hatchlings per hen is an indicator of effects tmklgrowth and survival fronm ovoexposure.
This endpoint also should be compared to the TWéxgsures occurring during the period of
rapid follicle growth of each egg prior to laying.

g. Fraction of juvenile dietary L§g

Since chicks are raised on untreated diets intanaeproduction test, the test does not
provide information on their sensitivity to dirqmsticide exposures after hatching. As a
surrogate endpoint for direct pesticide exposuteatehlings and fledglings, Bennett et al.
(2005) proposed using a dietary exposure doseatkfrom the 5-day dietary toxicity (lsg) test
with juveniles that does not result in adverseaffe-essentially an effects threshold.

There are important issues to be addressed whieg asiendpoint derived from the 5-
day toxicity test in a reproductive success modrist, the 5-day toxicity test is not designed
specifically to determine a toxicity threshold valoelow which adverse effects on juvenile
survival are not expected, because the emphasissslecting treatment concentrations that
would produce some level of mortality between 0 260%. In the Basic Version of MCnest we
are proposing that a fraction of the Jg@e used to represent a toxicity threshold basetien
levels of concern (LOCs) as defined by USEPA's fiof Pesticide Programs for classifying
risk to birds from short-term dietary exposure.eThree LOCs related to the 5-day toxicity test
are 0.5 of the L& for acute risk, 0.2 for acute restricted-use rasid 0.1 for acute endangered
species risk (See additional discussion on LOCs at
http://www.epa.gov/oppefedl/ecorisk_ders/toera.hishk Last accessed 11 January 2013).
The model user is responsible for using the fractibthe LGy that is appropriate to the specific
pesticide-use scenario. Second, many concernshegreraised about the adequacy of the avian
5-day toxicity test as a quantitative measure wictty for use in risk assessment (Hill 1995;
Mineau et al. 1994b). It is considered to be adésulnerability instead of toxicity, where
vulnerability is the product of the willingnessdonsume treated feed, feeding rate, sensitivity to
the pesticide, and temporal pattern of pesticidalability (Hill 1995). Two studies designed to
directly compare the results of the laboratory $-iicity test with same age birds in the field
observed that not only was the mortality rate highehe field than in the laboratory at
comparable exposure levels, but the timing andraattimortality was very different (Matz et
al. 1998, Vyas et al. 2006). Consequently, thejadey and use of a surrogate endpoint derived
from the 5-day toxicity test should be evaluated decided on a pesticide-by-pesticide basis.

Bennett et al. (2005) argued that the surrogate@ntifrom the LG, should be
compared to a 5-day TWA of dietary exposure tofites. Consequently, comparisons between
the toxicity threshold and the 5-day TWA begin onestlings have had 5 days of dietary
exposure (i.e., at beginning df 8ay since hatching) and continue each day uetiding. It
could be argued that some pesticides act very tyjck., most mortalities occur in the first day
or two) so the toxicity threshold does not reqairiell 5 days of exposure before effects are
observed. However, Lfgtest reports may not adequately document the conese of
mortalities, and the analysis of time to deathasanprimary purpose of the test. Given the other
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limitations of the test discussed above, we havédrraal to tailor the duration of the TWA to the
temporal pattern of observed mortalities.

h. 1/10 of the LB (as it pertains to juveniles—not a separate input)

The EU Guidance Document on Risk Assessment fatsBand Mammals (EFSA 2008)
alternatively proposed to use 1/10 of the adulgdtD assess the ability of juveniles to grow and
develop. This is based on the assumption thagirrocial young, at least, there is no systematic
difference between the relative sensitivity of juves and adults (Hudson et al. 1972). There
may be differences on a substance-by-substancg basino systematic correction factor is
available. It should be noted that this may nothi@ecase for altricial young (i.e., species where
the young hatch blind and are tended by their gaysach as passerines). For example, altricial
juveniles have been shown to be more sensitivlabreesterase-inhibiting chemicals than
adults (Wolfe and Kendall, 1998). However, it is known whether this difference applies to
pesticides with other modes of action. In the abset any further information, it is proposed
that 1/10 of the Ly be used as the surrogate endpoint for directitgxic juveniles, and it
should be compared to the expected dietary dogs/éniles on each day during the nestling
rearing phase (i.e., 1-day EDD).

i. Other integrative endpoints

There are other endpoints measured in the aviandaption test that have not been
mentioned as possible surrogate endpoints; howthexe are situations where they may be
adequate substitutes for the default surrogatea@ntp These endpoints are primarily expressed
as counts (i.e., the number of eggs set, viabls,&&yweek live embryos, hatchlings, or 14-day-
old chicks per hen) and integrate information framombination of factors including different
types of possible effects and husbandry issues eXxample, the number of eggs set per hen
represents the number of eggs laid minus the nuofleggs removed for eggshell quality
measurement and the number of eggs cracked fonanper of reasons. The number of 14-
day-old chicks per hen integrates many of the typpegfects on parents via direct exposure and
on embryos/chicks vim ovoexposure into a single metric. Surrogate endp@rg most
effective in models of reproductive success whewy tiepresent a specific type of field effect.
Usually a response observed in integrative endpaimbuld also be observed in the more effect-
specific endpoints that are proposed as surrogatpaents. However, in some avian
reproduction tests the data analysis may indidetedn integrative endpoint is more sensitive
(i.e., lower NOAEL) than each of the proposed sgate endpoints that form the basis for the
integrative endpoint. An example of this woulditdne NOAEL for the number of hatchlings
per hen was lower than the NOAELs determined femthmber of eggs laid per hen, the
proportion of viable embryos per egg set, and tiopgrtion of hatchlings per viable egg. In
some cases, this may result from differences szl power among dissimilar endpoints. In
other cases, it may be the cumulative impact @grating several types of specific effects.
When this occurs, it is critical to determine iéttower NOAEL in the integrative endpoint
simply reflects significant parental effects, sasha treatment-related decrease in the number of
eggs laid, or a true measureimbvo effects independent of parental effects. Unileeee is a
clear indication ofn ovoeffects independent of possible parental effestsntegrative endpoint
could be a very misleading substitute for surrogagpoints already proposed.
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3. Sdecting toxicity threshold values for each surrogate endpoint from toxicity tests

For each of the default surrogate endpoints, aityxdihreshold value is determined that
represents the daily dose below which the riskdekase effects is considered acceptable. In
most avian reproduction tests with experimentaigihssbased on hypothesis testing, the toxicity
threshold value may be defined as the no-obserdedrse-effect level (NOAEL). Where
guantitative dose-response relationships have tefemed, the toxicity threshold level may be
expressed as an EC In the conceptual approach presented in Beenett (2005), the toxicity
threshold values for each surrogate endpoint derfirem the avian reproduction test were
defined as the NOAEL determined in the test. Téikects the common practice of using the
NOAEL of avian reproduction endpoints for charaiion of risks via risk quotients. When
avian reproduction tests were conducted for twaiggge.g., northern bobwhite and mallard),
Shore et al. (2005) used the lower of the two NOAir each surrogate endpoint. However,
the selection of the toxicity threshold value te us decisions is a combination of science (e.qg.,
what is a biologically-meaningful description ofé of effect?) and policy (e.g., what is the
intended level of protection?). A European Unigman paper on pesticide risks to mammals
presents an argument for why a higher value thamMNBAEL may be appropriate for some
surrogate endpoints (EFSA 2006). Specificallyytamue that for sensitive endpoints a
statistically-significant difference may not equadea biologically-significant effect and that the
acceptable toxicity threshold may be at the LOAEigher. In other cases, it may be argued
that due to low statistical power in a test, theMED for a surrogate endpoint may not be
considered suitably protective, so a lower valug bexmore appropriate. Ultimately, risk
assessors need to evaluate the toxicity threstableb\associated with each surrogate endpoint to
insure it is suitable for the intended level ofteation in the assessment.

The EFSA (2006) document states that the use akfatable levels” in place of
NOAELs would require:

1) quantification of the dose-response relationgimg its uncertainty;

2) knowledge of the functional relationship betwées measured parameter and
individual reproductive success and survival,

3) knowledge of the relationship between individuggdroductive success and impacts on
population dynamics;

4) knowledge of how these functional relationship2) and 3) vary between mammal
species with different life-history and developnaritaits, and vary between
captive (often inbred) and wild mammals; and

5) a risk management judgment about what typesvaghitude of effects are
acceptable.

Although these requirements were written regardi@gnmals, they are equally relevant for
birds. Adoption of such an approach for selectageptable levels” is currently hampered by
poor definition of the dose-response relationshipnfiost pesticides and by lack of knowledge in
areas 2), 3) and 4) above.

Although toxicity threshold values are expressedaly dose (g Al/g body wt/day), the
surrogate endpoints from the avian reproductionaed the dietary LC50 test are typically
reported as dietary concentrations (ug Al/g foddjetary concentrations need to be converted
to daily doses by the model user for use in MCn@&sie conversion from concentration to dose
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can be accomplished using information on body weighd daily food ingestion rates (FIR)
from the toxicity test:

Daily dose (mg Al/kg /day) = Dietary concentrationg Al/kg food) x FIR (g food/day)
Body weight (g).

This conversion is an approximation because bodgiweand food ingestion rates are changing
during the course of both the reproduction testtard_C50 test. In the reproduction test, both
body weights and food ingestion rates increaseards move into egg production. The LC50
uses juvenile birds that grow rapidly during thet.teAlso, laboratory studies vary in the degree
to which they quantify food spillage during thetsesOne option for converting dietary
concentrations to daily doses is to calculate tlegae daily food ingestion rate per bird and the
average body weight at the beginning and end ofe$iegperiod for each bird. Because of
differences among tests in exactly how body weight$ food ingestion rates are reported, it
may be difficult to standardize a specific algamtfor making this conversion. Consequently,
the Basic Version of MCnest does not convert dyetancentrations into daily doses. This is
the responsibility of the model user.

Another issue that complicates the selection aottyxthreshold values for some
surrogate endpoints from the avian reproductionisasot having “bounded NOAELSs,” defined
as the next lower tested dietary treatment grolpnbthe lowest-observed-adverse-effect level,
or LOAEL, determined by analysis of variance. Euewell-designed avian reproduction
studies, some endpoints may not be affected bgekgcide within the range of dietary
treatments tested (i.e., the mean responses fa@nithgoints at all treatment levels are not
statistically different from controls). In suchses, the NOAEL is reported as being the highest
tested treatment level (i.e., an “unbounded NOAEND)t it is not known if a statistically-
significant effect would occur at levels just abdkiese tested or not at all because the endpoint
is insensitive to the chemical. This highest treaattievel could be selected as a conservative
estimate of the toxicity threshold value for a sgate endpoint, but this becomes problematic if
a proposed application rate results in an estimax@osure dose that is higher than the highest
treatment level used in the test. When this ocatissMCnest decision point, the nests would be
considered to have failed even though there mayobevidence from the test to indicate that
such failures might occur or be possible. Consetiyiehe model user should evaluate each
surrogate endpoint on a case-by-case basis. Amattve approach when a surrogate endpoint
has an unbounded NOAEL is to not designate a tigdicieshold value (e.g., leave it at the
default value of 9999) that would lead to a nestifa, unless there is additional evidence on
which to base an appropriate toxicity thresholdigal

4. Addressing interspecies variability in saecting toxicity thresholds

There is little guidance for addressing interspegiriability for effects on reproductive
success. Development of species sensitivity Bigions has focused primarily on acute toxicity
data since avian reproduction tests are conductesh dew species—typically northern bobwhite
and mallards. Mineau et al. (2001) considered\hagation among species in reproductive tests
would be at least as great as that observed i &esits and recommended that extrapolation
factors derived from acute toxicity data could peleed to reproductive endpoints. Luttik et al.
(2005) summarize possible approaches for addressiErgpecies variability in effects on avian
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reproductive endpoints and recommend a methodstonating extrapolation factors proposed
by Luttik and Aldenberg (1995, 1997).

The Basic Version of MCnest does not explicitly g modifications of toxicity
thresholds based on differences in toxicologicakg&/ity among species. It is the responsibility
of the model user to determine if interspeciesagdlation factors (or other means of addressing
interspecies variability) are warranted. If theg,ahe model user may modify the input values
for the toxicity thresholds accordingly. Shoreakt(2005) present an example of this approach.

5. Modifying or adding surrogate endpoints

The list of default surrogate endpoints in the Ba&rsion of MCnest was developed to
address most types of direct effects to reprodaoctiblowever, for some pesticides it may be
appropriate to modify existing surrogate endpoantadd new surrogate endpoints based on
knowledge of the chemical. Users should clearig@ate the rationale for changes to the
default list of surrogate endpoints and realize thanges appropriate for a specific pesticide
may not be appropriate for others.

Some modifications to existing surrogate endpduatge already been discussed above,
including:

1. Using a toxicity threshold value different framNOAEL from the avian reproduction
test for surrogate endpoints where there is inféiomao justify using a higher or lower
value.

2. Using related endpoints that make up one oéxtigting surrogate endpoints (e.g.,
using the proportion of 3-week live embryos per bemof viable eggs and/or the
proportion of hatchlings per number of 3-week krabryos in place of the proportion of
hatchlings per number of viable eggs).

3. Using related integrative endpoints (i.e., dsuather than proportions) to replace an
existing surrogate endpoint when an argument candme that the integrative endpoint
is a better reflection of the response to the pielgti

For many pesticides, there may be additional in&dgrom available from non-standard
laboratory studies and field studies for forming basis of a new surrogate endpoint, especially
if it can be argued that an endpoint based ontfesmation is a better, more direct indicator of
effects in the field. For example, if a field spuagtovided data on the rate of nest abandonment
during incubation caused by a pesticide applicadioknown application rate, this information
may provide a more direct surrogate endpoint tlemguchanges in body weight or a fraction of
the LD50. Similarly, pen or field studies may pidermore useful information on juvenile
mortality from direct exposure (i.e., notovoexposure) than can be provided from the LC50 or
LD50 test.

A critical element in creating a new surrogate endljpis making sure the endpoint is
matched up with the appropriate exposure periduls iB relatively straightforward if the
endpoint represents an effect that can occur \agigly after exposure. In these cases the
surrogate endpoint might be matched with single-@aosures occurring during each day of
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that particular breeding phase. However, if acgate endpoint reflects a delayed response after
a period of exposure (i.e., effects on hatchabditgurring fromin ovoexposure during the time

of egg formation), the user must make sure thaéttupoint is matched with the appropriate
time-weighted average during egg formation.

The Basic Version of MCnest is not designed torinsempletely new surrogate
endpoints in addition to the current default lifta user had data sufficient to create a new
surrogate endpoint that is essentially a replacéfoemn existing one and using the same
exposure period, then the user can simply insertdkicity threshold value for the new
surrogate endpoint in place of the existing endpoifor example, if data from a field study
indicated that the pesticide had a greater impadtatchability vian ovoeffects compared to
using the NOAEL for hatchability from the reprodoct test, the toxicity threshold value derived
from the field could be used to parameterize theHadbility endpoint in the model. However, if
a new surrogate endpoint requires a different exqgogeriod than exists for the default surrogate
endpoints, the Basic Version of MCnest does nothhis capability, though future versions of
MChnest could be modified to include additional sgate endpoints as needed.

C. Parameterizing the pesticide-use scenario

In addition to selecting pesticide toxicity infortizan for use in phase-specific decisions
in MCnest, the pesticide-use scenario needs tpéeafsed for each simulation run, including the
timing of application(s), the application rate(gpeessed in pounds active ingredient per acre,
and the half-life of residue degradation on foaglevant to the species of interest. The Basic
Version of MChnest can simulate single or multigbplécations of a pesticide by specifying one
to five dates of applications and the applicatiate for each date. In each model simulation, all
individuals in a population of breeding birds axp@sed to the pesticide application(s) on the
specified date(s).

It is recognized that application dates are notkyonized within a geographical unit,
and that the individual birds within a free-rangpgpulation may experience applications
occurring throughout a range of dates. MCnest doesry to simulate a distribution of
application dates, which can be quite variable ¢ivee and space due to factors such as weather
and pest levels. Also, running simulations bagsed distribution of application dates can
obscure information about the potential effectspecific dates when an avian species may be at
greatest risk to a particular chemical. Insteasl iecommended that simulations be run for a
series of specific dates (using the batch functamvering the range of possible application
dates. By examining the model results for a sexigmssible application dates, the user has
more information from which to determine which Sfiedates can lead to the greatest impacts
on each species. The user also gains sufficiémtnmation to estimate the overall effect to a
population exposed to any assumed distributiorppfieation dates.

To account for the dissipation of pesticide resgdaeer time, the model user also must
specify the half-life of residues on avian foodntefor a particular pesticide. Residue half-life
values on plant foods should be obtained fromitkeature or from registrant submitted studies.
If no foliar residue half-life value is availablerfa pesticide, USEPA Office of Pesticide
Programs uses a default value of 35 days baseueondrk by Willis and McDowell (1987) that
reported foliar residue half-lives for approximat8D pesticides, with a maximum value of 36.9
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days. The average half-life (+ standard deviatemrpss all formulations and extraction methods
for organochlorine, pyrethroid, organophosphoras, @arbamate insecticides was 5.0 + 4.6 d,
53%£3.6d,3.0+2.7d,and 2.4 £ 2.0 d, respebti

In the Basic Version of MCnest, pesticide exposara population of birds is simulated
by estimating the initial daily dose for each spes@n the day of application and assuming that
exposure decreases over time based on the hatfflifesidue degradation on foods relevant to
the species of interest. The model user has fptiores for determining the initial daily dose for
each species. Three of the options are baseceampitroach used in OPP’s Terrestrial Residue
EXposure model or T-REX (USEPA 2012) for transigtam application rate into the dietary
concentrations on various food types and, finatlig an initial daily dietary dose (ng/g body
weight/day) for each species based on its bodyheigod ingestion rate, and diet composition.
The dietary concentrations on plant food types usddREX (Table 3) are based on the reviews
by Hoerger and Kenaga (1972) and Fletcher et @84)lthat estimated the mean and maximum
residue concentrations on various categories oit [iteod types after chemical application. OPP
has developed a nomogram showing the relationghipt@l residue concentrations among
various plant categories as a function of applicatate. In MCnest, the model user can base the
initial exposure doses on: 1) the maximum residalaas for each food type, 2) the mean residue
values, or 3) values drawn from a log-normal disttion of residue values for each bird based
on the mean and standard deviation of each foaalitypletcher et al. (1994). For the third
option, once an initial value is drawn from thetidligition for each female, the individually-
calculated exposure dose decreases based onitheerbalf-life. This assumes that the
distribution of initial daily dose values refledtse variation in the initial pesticide concentraso
possible within and among different fields, rattiean individual food items, and that the
average initial pesticide concentration in somed Beeding territories is higher than in other
bird’s territories. Consequently, instead of hgvweach female in the simulation receive the
same mean or maximum initial dose, the third optesults in each female being randomly
assigned an initial dose from the distributionsHould be noted that the lognormal distribution
results in values at the upper end of the distidiouthat exceed the maximum nomogram value.
The fourth option allows the model user to diresiy a specific initial dose for both adults and
juveniles independent of an application rate.

In the Basic Version of MCnest, birds are assumegkt 100% of the daily food intake
from treated fields. This is consistent with tipp@ach used in T-REX. Future versions of the
model could integrate species-specific informabbthe proportion of the diet derived from
treated fields if a suitable approach is available.

Each species life-history profile includes therastied proportion of each of six food
type categories in the total diet. The six categoare: 1) short grass, 2) tall grass, 3) bro&dlea
forage plants, 4) fruits, 5) seeds and pods, amas@cts and other invertebrates. Where
possible, the dietary composition information isdzhon breeding season diets.
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Table 3. Maximum and mean (plus standard deviatesiflue concentrations used in
T-REX for the initial dietary concentrations expagtion various avian food types immediately
after a pesticide application of 1 Ib active ingeed/acre.

Initial Residue Concentrations
Dietary-based EECs (pg/g food) Maximum Mean Standard deviation
Short Grass 240 85 60.3
Tall Grass 110 36 40.6
Broadleaf Forage Plants 135 45 56.7
Fruits 15 7 12.4
Seeds & pods 15 7 12.4
Insects & Other Invertebrates 94 65 48

' Standard deviations for plant food types derivedfFletcher et al 1994.

2 Initial residue values for insects derived fromp&pdix B of the User’s Guide for T-REX
Version 1.5 (USEPA 2012)

(http://www.epa.gov/oppefedl/models/terrestrialiresex user_guide.htm#app. a

Just as in T-REX, MCnest converts an applicatioa fexpressed as pounds active
ingredient/acre) into an initial daily dose for #diexpressed as pg/g body weight/day) using
the information on average body weight, food ingestate (FIR), and diet composition for each
species of interest. The RHR(g dry weight/day) is estimated from an allomegtiation for
all birds (FIRyy = 0.648 * Body weight (g wet weight) * 0.651) fraagy (1987). To convert
the FIR from dry to wet weight, the diet compositimust be considered because the moisture
content for seeds is assumed to be lower thantf@r dood types. In T-REX, the mass fraction
of water in food types is 0.1 for seeds and 0.&fbother food types (e.qg., insects, fruits,
leaves). To calculate the FIR as wet weight ()R

FIRwet = FIRay / (S*0.9+ (1 -S) *0.2),

where S = proportion of seeds in the diet. Thewrhof food ingested as a proportion of body
weight (FIR/BW) is calculated by dividing Fl& by the average body weight. The initial daily
dose (IDD) for each species is calculated as theatross food types of the initial residue
concentration for each food type;(@wltiplied by FIR/BW and the proportion of thatofd type
in the diet of a species;jP

IDD =3 G * FIR/IBW * P,.

Juvenile body weights and FIRs change rapidly fratching to fledging, and empirical
information on the changes in weights and food aon#ion of nestlings is lacking for most
avian species. Appendix R of the European Unids) (EGuidance Document on Risk
Assessment for Birds and Mammals (EFSA 2009) caledlthe FIR/BW ratios for each day of
the nestling period based on the work of Williamd &rints (1987) on savannah sparrows and
Kendeigh et al. (1977) on house sparrows and feupelak ratio for FIR/BW of 1.08 at about
day 3 after hatch. They proposed that the juvdbil2 be calculated by multiplying the residue
concentrations of various food types in the dieth®/1.08 FIR/BW ratio. This may be
appropriate for species that feed nestlings inbeates and other high moisture-content foods,
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but for species that feed seeds to nestlings @aurning doves, American goldfinches), this
will overestimate juvenile food ingestion rates.the EFSA (2009) analysis, the 1.08 FIR/BW
rate was based on a 4.24 g nestling consuminggid&nsects (wet weight) per day, but not all
species feed nestlings an all invertebrate dieindgthe moisture-content assumptions in T-
REX, the 4.58 g of insects (wet weight) is equinak® 0.916 g (dry weight) per day. Assuming
the moisture content of seeds is 10%, the equivalehweight daily consumption rate would be
1.02 g seeds, resulting in a FIR/BW ratio of 0.@dd seed diet. Until better information is
available, the Basic Version of MCnest uses a ngatibn of the approach recommended for
the EU to calculate the IDD for juveniles where sieed portion of the juvenile diet is multiplied
by a FIR/BW of 0.24 and the non-seed portion istipligd by 1.08.

MCnest also has the capability to use exposural@sajenerated by EFED’s Terrestrial
Investigation Model (TIM) instead of the simple ER exposure profile described above.
Details for implementing the integration with TIMposure profiles are still being developed
and are beyond the scope of the current drafteofeébhnical manual.

1. Consequences of expressing exposur e as dose instead of dietary concentration

Historically, risk quotients for avian reproductigffects have been calculated on the
basis of dietary concentration of the pesticidae Towest NOAEC from acceptable avian
reproduction tests, expressed as the concentratti@st substance in the diet, is compared to the
estimated environmental concentration on variopegsyof avian foods just after an application.
By basing reproduction risk quotients on dietargatrations, T-REX considers the
differences in expected concentrations among fgpéd tategories listed in Table 3, but it does
not address differences in moisture content amoad €ategories or differences in the amount
of food consumed as a function of body weight,(F#R/BW). In MCnest, by incorporating the
approach used in T-REX to calculate acute riskigatd, risks to reproductive success are based
on the daily ingested dose by considering not tmdyresidue concentrations on food types, but
also moisture content and FIR/BW.

Although the allometric equation in Nagy (1987)msttes the daily ingestion rate
(expressed on a dry weight basis) for each spasiesfunction of body weight, non-seed food
types have a much higher moisture content tharsssedspecies that consume non-seed food
types ingest a greater amount of food on a wet wtdigsis than granivores. Based on the
moisture content values used in T-REX, a non-g@eiwould consume 4.5 times more food on
a wet weight basis than a granivore of the samg lbailght. Consequently, even though the
residue concentrations on fruits and seeds arsatime after application based on values in Table
3, the IDD for a frugivore would be 4.5 times higligan the IDD for a same-sized granivore.

Dose also varies as a function of body weight dudke allometric equation in Nagy
(1987), resulting in the FIR/BW ratio increasingoasly weight decreases. Consequently,
regardless of the food type eaten, a 20-g or 1BDegingests a dose 3.9 or 2.2 times higher than
a 1000-g bird, respectively, based on the calaatused in T-REX. Within a food type
category, the specific food items selected by g bird vs a 1000-g bird likely differ, but there
are insufficient data to determine how this midifec the relative difference in dose ingested
between these two birds.
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The consequences of expressing exposure as artsad of as a dietary concentration
are that when the expected environmental exposuredr the toxicity threshold for sensitive
surrogate endpoints, MCnest simulations may indieateduction in seasonal productivity for
some species, even though the traditional riskigobapproach that considers only the dietary
concentration does not indicate a risk of adveffeets to those species. This is primarily
possible for smaller species and non-granivoreswéy¥er, there are several points for model
users to keep in mind when evaluating the outmrmfMCnest in relation to assessments based
on the traditional risk quotient approach for rearctive effects. At the screening level, risk
guotients for reproductive effects (i.e., ofterereéd to as “chronic risk quotients”) are used to
determine if there are values that exceed the ledtald level of concern (LOC) so that the
pesticide can be classified as to whether theoe iis not a presumption of unacceptable risk.
Although T-REX calculates reproductive risk quotgehased on diets containing short or tall
grass, broadleaf plants, fruits, seeds, or inveateb, the risk conclusions are based on the
highest quotients calculated, and the risk quaiémt consumers of short grass are always 16
times higher than for granivores and 2.5 times énighan for insectivores (based on the
maximum values in Table 3). Consequently, risktigumbs are primarily designed to determine
which pesticides do not need further assessmeatlsecven when using worst-case
assumptions their quotients do not exceed LOCstiskifjuotients do not provide information
on the probability or magnitude of risk and telllisde about which species or life-history
strategies may be at risk.

MChnest is intended to quantify the effects to rejoiive success for a range of avian
species to provide more information on which speoielife-history strategies are at greatest risk
or which exposure scenarios produce the greatiesttef It does that, in part, by refining the
exposure profile for each species by consideriegliat composition during the breeding season
and by refining the estimated daily dietary expeduy integrating information on the moisture
content of foods in the diet and on the food ingestate for the body weight of each species.
MChnest is based on the assumption that daily doaemore ecologically-relevant expression of
exposure than simply using residue concentration®ad types as the only factor. We also
assume that MCnest is best suited to be used hehtger risk assessments for pesticides where
there is already a presumption of unacceptabls bslsed on screening-level assessments that
requires further refinement and analysis. Howenefining the estimates of daily dose for a
series of species focuses attention on the empbasas for the default assumptions used in
those estimates. For example, how much variaidhdre in moisture content within food types
and are the default moisture content values silpitepresentative of the moisture content of
diets among species? Are the maximum and meangramovalues (along with the standard
deviations) for each food type presented in TablepBesentative of the distribution of residue
values occurring on the foods consumed by eachegieclhese default values may be the best
information we have currently, but given their innf@amce in the estimation of daily doses for
avian species, additional research may be needetptove the quality of dose estimates.

While the basic version of MCnest uses defaultesluvom T-REX for moisture content and
nomogram values, all of these input parametergditable by the model user.

D. Using default specieslife-history profiles

To run simulations in MCnest for specific avian@ps, a suite of life-history parameters
is required to describe the typical series of evelniring a breeding season. In developing
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MCnest, we focused on a generalized model requailmgited number of life-history

parameters that can be applied to a broad rangjgeaies with limited life-history data. Also,

the model treats avian nesting in a manner comgistieh the way in which nesting parameters
are typically estimated in the field, thus reducihg potential for currency mismatch between
the model and available ecological data for theigseof interest. Because MCnest runs on
daily time steps, all life-history parameters exged as durations (i.e., number of days) must be
set as integer values.

The Basic Version of MCnest accesses a seriesfafiitiéife-history profiles for avian
species associated with agroecosystems. Thesespecfiles are draft versions for a range of
life-history strategies and at this point are afa# for demonstration purposes. Once the Basic
Version of MChest is finalized for distribution atite exact structure for life-history profiles has
been approved, the current series of life-histoofiles will be finalized for peer review and
work will begin on expanding the library of speciggluding variations in species profiles
where important differences exist among geographécpons within a species range. The
current species profiles include one example o fitwi the tree swallow, where two profiles
represent northern and southern parts of theirerang

Typical values for each of the following life-hisygoparameters were harvested from the
published literature. Each of the parametersligesti to variation among locations, within and
among breeding seasons, and among techniquestatydd&tsigns used to collect data. For most
species, there is insufficient information to ursdend the extent to which these factors truly
affect parameter estimates. For species with aépeblished studies with consistent results, a
mean value may be selected, while for other spe¢b&selected values may come from a single
high quality study. Some life-history parametaes@latively easy to quantify and have a long
history of being reported in the published literat(e.g., clutch size), while other parameters
may be difficult to quantify or their quantificatiozaries depending on the field methods
employed (e.g., waiting periods from success durfaiuntil first egg is laid in new nest).
Consequently, when using the word “typical” in séleg values for each life-history parameter,
the goal is to create a species profile that pewia reasonable representation of a species’
breeding season across its entire range. It cgrezed that the life-history parameters for many
species with extensive ranges may vary among regidhis is especially true of the timing and
duration of the egg-laying period. Future versiohthe default species profiles may include
region-specific species profiles for species widb@uate data. Currently, model users can use
the default life-history parameters or modify value reflect regional variability.

Model users also may want to modify a species lertdi represent a “reasonable worst-
case” profile for a species in order to assurertiadel projections are adequately protective of
all regional populations and subpopulations. Wittils may seem simple in concept, it must be
approached with great caution in MCnest where tealpssues are extremely important. For
example, because the start and end of egg layidghenlength of the egg-laying period may
vary from site to site, a model user may want tovknvhat start and end egg-laying dates
produce the greatest relative impact on reprodeciwccess. However, the reality is that
changing these dates may increase the apparenttinnpder some pesticide-use scenarios and
decrease it under others. The bottom line isrtbanodifications to species life-history
parameters will result in a relative impact thatimsversally a worst-case scenario. This is an
issue that we will continue to explore as the sggetbrary expands and regional variations in
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species profiles are considered. However, atabiist model users are advised to use caution
and explore changes in species profiles on a casade basis.

1. Specieslife-history parameters

Each species life-history profile is defined by tbkowing suite of parameters:

a. Initiation probability

Although species vary in the degree to which nasttion is synchronized, there is
variation in nest initiation dates among femalea population. For most species there is
insufficient information to empirically define astiiibution of first nest initiations, so the Basic
Version of MCnest uses a geometric distributionraf by the value of the initiation probability
to create a distribution of nest initiation datesd¢ach simulation. Starting on the date of the
first egg laid in the first nest of a seasdn)(the initiation probability defines the probatyilthat
a female that has not yet started laying will at#ithe first nesting attempt. The default value
for the initiation probability in each species itiestory profile is 0.25 (i.e., each day 25% of the
remaining females in the population initiate tHest nest attempt). The initiation probability
must be > 0 and 1. If the initiation probability is set equal 1p all females initiate nests on the
same date (i.e., the first day of egg layifg, The lower the initiation probability, the braad
the distribution of nest initiation dates.

Research will continue into methods for improvihg tlefinition for the start and end of
the egg-laying period for females of each spediesthose methods are not currently available
for the Basic Version of MCnest. In the meantinie, inodel user has data for a specific
distribution of first nest start dates for a partar species, there is a way (albeit more
cumbersome) to use that distribution instead ofti#fault initiation probability. The model user
will need to run a series of simulations by resgtthe initiation probability to 1 and using a
series of dates faF; that represent the range of first nest start datesxt calculate the sum of
number of successful broods per female on eachnaialtglied by the probability of nests
starting on that date. This will provide an oveestimate of the number of successful nests per
female based on the user-provided distributiortant slates.

b. Daily background nest failure rate during lagiand incubation (@)

Nests fail due to a variety of non-pesticide causesh as predation and adverse weather
events. Many nesting studies report data on nesgival during laying and incubation as a daily
nest survival rate using methods, such as thoszided by Mayfield (1961, 1975), to account
for biases existing when the fate of each nesviknown throughout the entire period. The
daily nest mortality ratenfy) is 1 minus the daily nest survival rate. Othtedses may report
only the apparent nest survival or failure ratamfyithe egg-laying and incubation periods (i.e., #
successful or failed nests/total # nests). Theuag rates can be converted to the daily rate
over the number of days for the egg-laying and lation periods, as follows:

s=vs,

where,
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s, is daily nest survival rate,
S is overall survival rate for egg-laying and inctiba periods, and

a, is the age, in days since the first egg was Higvhich nests typically hatch. Then:

m =1-5.
However, this approach introduces bias by assukniogvledge of the fate of nests over the
entire period when this is not the case. Appanest success rates overestimate the daily nest
survival rates because some nests may fail betertion; however the degree of
overestimation varies considerably due to the $ipauiethods used in studies.

Some studies will report only an overall appareggtrsurvival rate for the entire nesting
period (i.e., egg and nestling phases). As inratlieations, overall nest survival rates can be
converted to the daily rate over the number of dayshe entire nest period (i.e., egg-laying,
incubation, and nestling-rearing periods), with shene daily rate assignedrte andmy.

c. Daily background nest failure rate during nesilrearing (m)

Many nesting studies report data on daily nestigarvates during the nestling rearing
phase. When only an apparent nest survival ratdébrood rearing phase is reported, it can be
converted to a daily nest survival rate over thenber of days in the brood rearing phase.

d. Date of first egq laid in first nest of seagdp)

The length of the clutch initiation period is defthby the difference between the first
egg in the first and last nests of the season Ti&.— T1). In the Basic Version of MCnest, new
nests can only be initiated within this period. wéwer, even though some literature sources
report extreme egg-laying dates, hgparameter is intended to represent when egg laying
typically begins for the species of concern. Usmreme laying dates far andT.st may
overestimate the length of the clutch initiatiomipeé for a species, resulting in more nest
attempts than are commonly observed. The valu&;foould represent the mean of several
“first dates” reported from multiple studies orrna high quality study over multiple years.

e. Date of first eqgq laid in last nest of seasbg{

Similar to T, this represents the typical date for the firg ggthe last nest of the season.
Again, this is not intended to represent extrengelaging dates as that would serve to extend
the simulated length of the breeding season argitbeamodel output.

f. Length of rapid follicle growth period in daf@r each eqq (rfg)

Unlike fish, amphibians, and reptiles, birds do lagttheir eggs in masses. Instead, most
birds lay an egg each day until they complete &hbluvhile some birds may lay an egg every
other day or some other period longer than one d#e follicles that develop into egg yolks
also start growing on a staggered schedule ovevexal day period, known as the rapid follicle
growth (fg) period. During thefg period yolk material is deposited to the growintii¢le until
it reaches the size of a fully formed yolk justoprio ovulation.
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Although estimates for the duration of ttig period are available only for a subset of
species, there is sufficient empirical informatfonestimating thefg period for most species.
Many song birds (i.e., passerines) havefgiperiod of 3 to 4 days while in doves and pigeons
the period is approximately 6 days. See Append{Estimating the length of the rapid follicle
growth period) for additional detail. The valudested for the duration of thég period must be
an integer.

g. Length of eggshell formation period in daysdach eqgqg (ef)

After the yolky follicle is ovulated, it enters tlo@iduct for deposition of the albumin
followed by formation of the egg membrane and sh€lis process usually takes approximately
24 hours for most species. Consequently, the efjgelhmation period is fixed at 1 day in the
model, and thus does not show up in MCnest as biiee anput parameters.

h. Mean clutch size (clutch)

Clutch size is one of the most commonly reportadralife-history parameters in the
literature. Here again, the intent is to selechlae representing the typical clutch size of a
species rather than extreme values. The valuetedlérmeanclutch sizenust be an integer.

i. Mean inter-egq laying interval in days (eli)

As mentioned above, most birds lay one egg eachvdale other species may have a
longer mean inter-egg laying interval. The valoedli can be any value 1 day and can be
expressed as a decimal value.

|. Egg on which female typically begins incubatipanultimate vs ultimate (penult)

Those species beginning incubation after the lggt®laid are assigned a value for
penultof 0, while those beginning with the penultimagg @re assigned a value of 1. For those
species where both options are possible, a judgreenéde as to which option is more typical
for the species.

k. Duration in days from start of incubation tottia (1)

The duration of the incubation peridd &lso is a commonly reported life-history
parameter in the literature. A typical value floe duration of the incubation period should be
selected and it must be expressed as an integempekticides that affect egg hatchability
because of embryotoxicity dueitoovoexposure or infertility, there is a related partane
known as “doomed incubation” tot. When pesticide exposure is high enough to cause
embryotoxicity or reduced fertility, it is assumie female does not become aware that these
effects have occurred until the time at which eggsexpected to hatch. Consequently, the
female continues to incubate the clutch of eggshha failed a decision point and is considered
to be “doomed,” but the nest attempt does not dgttal until the end of incubation period
when the eggs fail to hatch on schedule. In tr@®dersion of MCnest the duration of tltk
period is set to the same valud as
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|. Duration in days from hatch to fledging of degts (N)

The duration of the brood rearing period also é@@monly reported life-history
parameter in the literature. A typical value floe duration of brood rearing should be selected
and it must be expressed as an integer. Nestihgsme species can leave the nest early when
stressed by predators or weather events suchadsfld/NVhile many studies report a wide range
of fledging durations that reflect that some nélstige early under stress, the intent is to select
typical value for the brood rearing period refleetof non-stressed conditions (i.e., how long do
nestlings typically remain in the nest if not st@d?).

m. Duration in days since nest failure due to pasticide reasons until female initiates

new nest (\4

After a nest failure due to environmental causes s1$ predation or weather, females
may attempt to renest after a period of recovedyramitiation of the egg formation process.
The value foM, represents the duration from nest failure unglfibst egg is laid in a new nest
and must be expressed as an integer. Many highygsiadies have data on the duration of this
period.

n. Duration in days since nest failure due to jades until female initiates new nest

(Wo)

After a nest failure due to pesticide exposure diesalso may attempt to renest after a
period of recovery and reinitiation of the egg fatran processW, represents the duration from
nest failure until the first egg is laid in a neeshand must be expressed as an integer. Ofall th
life-history parameters)\, may have the poorest amount of information foestahg a value.
Pesticide field studies typically do not providéirmation on the probability or timing of
renesting after a pesticide-related nest failecasionally, laboratory reproduction studies are
designed to include a period of untreated footh@teind of the treatment period. These studies
can provide information on the potential for eggdurction to increase or restart after treatment
ends, though it is not clear if this is indicatiMethe potential for free-ranging birds to renest.
Depending on the nature of the pesticide, the mosel might assume thét, equalsWeif birds
recover quickly from an exposure. However, formiwls with prolonged or delayed effects
after exposure, a longer duration may be apprapfat/,. A conservative assumption would
be that females do not renest after pesticiderfailue., seiV, to a value larger than the length
of the breeding season). However, suitable figlwhgples of renesting periods after a pesticide-
induced failure have not been found that provitesis for additional guidance. Tk cannot
be shorter thakiVe.

As a default in the Basic Version of MCnegi, is set equal tdVe. If a model user
decides to change the value Wy, it is unlikely that there would be sufficient armation to set
species-specific values, so the valueVigris not located on the “Life History” window of dac
species. If the model user is running simulations single species, the value Y can be
changed on the “Set Pesticide” window; howevemultiple species are being simulated using
the "Batch mode,” there is a toggle switch for aidgng theW, value used for all selected
species. If a model user inserts a value thatrolesy the defaul\,, values, this value will be
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used as th\, for all species, except for species where\Waeralue is larger, in which case the
value ofW is substituted foY\,.

0. Duration in days since successful fledgingldatnale initiates new nest iV

After successfully fledging an initial brood, sosyecies will attempt one or more
additional broodsW; represents the duration from successful fledgmig the first egg is laid
in a new nest and must be expressed as an inttgsome species, fledglings become the
responsibility of the male while the female immeeainitiates a new clutch of eggs. In other
species, both males and females continue to fegdane for fledglings until they become
independent—a period of up to several weeks—afterhithe female may become available to
start a new nest if time remains in the breediragse. When there is a period of female
involvement in post-fledging care, the estimatethefperiod of time until the female renests
found in the literature can be quite variableis lhot always clear if the shorter estimates réflec
that some females renest relatively rapidly evehat still are assisting with fledgling care or
that some females have lost their entire broods poi becoming independent.

p. Mean female body weight and diet compositiamdiwbreeding season

MCnest simulations involving a pesticide exposguire information on the mean
female body weight (in grams) and diet compositidaally representing weights and diet
during the breeding season, as well as diet cortiposif juveniles prior to fledging. The body
weight and diet information is used in convertipglécation rates into the estimated daily
dietary dose (in mg/kg body weight/day) for eacbcsgs based on the algorithm used in OPP’s
T-REX model bttp://www.epa.gov/oppefedl/models/terrestrialirevex_user_guide.htin The
diet composition in MCnest species’ profiles is egsed as the proportion of the diet in the six
food categories presented in Table 3. It is inéehtthat the proportions are based on the mass
(wet weight) of each type, but in some speciesditee information on diet composition may
only be expressed as volume or counts of food items

g. Mean number of fledglings per successful nest

Each species profile contains an estimate of trenmm@mber of fledglings per successful
nest, which is multiplied by the number of succelsésts per female per season (i.e., the
primary output from MCnest simulations) to estimidie number of fledglings per female per
season.

2. Representativeness of species profiles

In pesticide risk assessments, the number of sefidebroods produced under a scenario
without pesticides is compared with results undgpecific pesticide-use scenario to calculate
the percent reduction in annual reproductive sicdas to pesticide exposure. The estimate of
the number of successful broods also is used beck®f how well the default life-history
profile of a species represents its breeding seastput compared to available information in
the literature. A comparison of MCnest output vitbrature-derived estimates of annual
reproductive success is limited by the small nunadfetudies designed specifically to monitor
the cumulative production of juveniles throughdwe breeding season in most species. Even
though there are some studies that report estinodtmsual reproductive success at a specific
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place and time, it is often difficult to determinew representative those estimates are of the
species in general.

To estimate annual reproductive success, the M@stishate of the number of
successful broods per female was multiplied byssimate of the number of fledglings per
successful brood from the literature. The basedstenates of the number of successful broods
per female were based on MCnest simulations withqésticide exposure using a population
size of 100,000. Information on the mean numbdlealiglings per successful brood and sample
sizes was gathered from literature sources. Aljhaome sources report the number of
fledglings produced per nesting attempt, we onBdugata based on the number of fledglings
from successful nest attempts (i.e., one or medgfings). Where there are multiple studies
reporting mean numbers of fledglings, we baseckstienate used in the species profile on the
weighted mean number of fledglings per successst where sample sizes are reported or a
simple arithmetic mean among studies where sangadargormation is lacking or incomplete.

Similarly, estimates of annual reproductive sucees® gleaned from the literature for
16 of the draft default species currently in them6t Species Library. This is limited by the
small number of studies designed specifically tanitow the cumulative production of juveniles
throughout the breeding season in most species.méthods for estimating reproductive
success varied greatly among species—from modelspirical field estimates from marked
populations. For eastern meadowlarks (Kershnal. @004) and dickcissels (Walk et al. 2004),
field studies with radio-marked females documemteaual reproductive success for marked
populations. For many other species informatioouaithe number of fledglings per nest attempt
or successful nest was integrated with informatiorihe estimated number of broods per female
to estimate annual reproductive success, thougtifepapproaches varied by study. Also,
Ricklefs and Bloom (1977) developed a simple madéig length of breeding season, clutch
size, nest success rate, and waiting periods follpwuccess or failure to estimate annual
reproductive success for six species in the MC8psties Library: horned lark, black-capped
chickadee, eastern bluebird, American robin, nortilmeockingbird, and red-winged blackbird.
Their model estimate was used for the chickadeehanuked larks, but empirically-based
estimates were used for the other species.

Based on the discussion in Etterson et al. (2069he use of a fixed breeding season
length, we expected that MCnest-derived estimdtesmual reproductive success may exceed
estimates derived from field data. The comparisofable 4 indicates that this is true in
general. In two species where the literature-@eri@stimate was higher (i.e., horned lark and
black-capped chickadee), these estimates cametfr@Ricklefs and Bloom (1977) model
which also was based on a fixed-length breedingseaFor many species, using a fixed-length
breeding season will overestimate the number dingeattempts because each female in the
simulation continues nesting as long as therdligiste in the breeding season, whereas in the
field some individuals may quit earlier after asegsful or failed nest attempt. This seems to
explain the disparity observed for northern mockinds where the reported egg-laying dates
span approximately 4 months, but in MCnest thigltesn a mean of over 5 nest attempts per
female per year, which is much higher than then2st attempts per female reported in
Derrickson and Breitwisch (1992). The probabibfyquitting after a successful nest attempt
may be relatively high in mockingbirds. In genevalhile there is anecdotal evidence that some
females quit breeding early, there is little engaltievidence for quantifying quitting
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probabilities. Additional research is needed othmas for improving the definition of breeding
season for modeling annual reproductive success.

[NOTE: The comparisons of MCnest and literatursdabestimates of annual
reproductive success presented in Table 4 arenpralry because they are based on draft species
profiles. Once the basic version of MCnest islizgl and the species profile database has been
peer-reviewed and finalized, a more complete corsparof MCnest and literature estimates
will be conducted. However, the preliminary comgans are provided to help model users
assess the representativeness of the MCnest speofiss.]

E. Modifying and creating species life-history profiles

Users may wish to create new species life-histoofiles or modify existing default
species profiles to fit a specific risk assessnapplication. For species with large geographic
ranges, users may want to modify species profiasftect regional variability in key
parameters, especially the starting and endingdatesgg laying.

To create a new species profile, species-spedfimates of each of the life-history
parameters (described above) are needed. Whie thay be several studies published for a
species that provide data on breeding season ptaayie challenge is in synthesis of
available data because studies differ in their erpEntal designs, size and duration, techniques
to collect data, methods for analyzing data, amoch&ts for reporting data. Because of these
differences, it is often difficult to determine lisic mean estimates of parameters across
studies. As emphasized in the description of ifieehistory parameters, the goal is to select
parameter estimates that are typical for the spehgg collectively provide a reasonable
representation of the breeding season of the specie
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Table 4. Calculated annual reproductive succesS|A& each species compared to estimates

derived from the literature.

Successful| Fledglings/ Literature
broods/ successful | Calculated| reported

Species female brood ARS! ARS
Mallard 0.36 5.0 1.8 1.2
Mourning dove 2.79 1.85 52 3.6
Eastern phoebe 1.58 4.0 6.3 5.8
Horned lark 2.70 2.46 6.6 6.8
Barn swallow 1.45 3.67 5.3 5.5
Black-capped chickadee 0.94 5.3 5.0 6.2
Blue-gray gnatcatcher 0.7 3.0 2.1 1.8
Eastern bluebird 1.91 3.63 6.9 5.0
American robin 2.02 2.8 5.7 5.0
Northern mockingbird 2.07 2.8 5.8 2.5
Vesper sparrow 0.73 3.0 2.2 4.2
Dickcissel 0.62 2.9 1.8 1.2
Red-winged blackbird 0.72 1.86 1.3 1.3
Eastern meadowlark 1.08 3.46 3.7 2.6
American goldfinch 1.66 2.9 4.8 3.7
House sparrow 2.95 2.68 7.9 7.2
' Calculated ARS was derived by multiplying the M©&nestimate of the
number of successful broods per female by the maarber of fledglings
per successful nest from the literature.
2 ARS based on model estimate in Ricklefs and Bl467.

To modify an existing species profile, users camen® the data and studies used in
generating the default species profile and detegnfiimodifying the selected parameter
estimates is relevant and appropriate for theicifpeisk assessment application. For example,
if a risk assessment is focused on a specific stategion, and there is a high quality breeding
season study conducted in that area, the user raaltw use that study to modify default
parameters to be more reflective of that area. tibhiag of the breeding season, reflected in the
starting and ending dates for egg laying, may beg#rameters that are most variable among
regions.

F. Running MCnest: Understanding the phase-specific decision points

When running a simulation on MCnest, each femalehave one or more nesting
attempts during a breeding season. During eacdbrg phase of the nesting attempt (see Table
2) there is a series of decision points relatgobissible responses to chemical exposures. This
section discusses the decisions to be made duwstiga the breeding phases and the response

39



Technical Manual for Basic Version of MCnest — ketoy 2013

of the female if the estimated exposure is highantthe toxicity threshold values for the
surrogate endpoints. This decision framework agdimmed in Figure 1.

During the pair formation phase, there are twoagate endpoints (i.e., the NOAEL of the
pre-laying adult body weight and 1/10 of the LD%&)) effects on adult well-being.

» Both surrogate endpoints are compared each ddaeqdair formation phase to the
estimated daily dose for that day. On any dayttaestimated exposure dose is greater
than either of the toxicity thresholds for the tgtorogate endpoints, the initiation of egg
laying is delayed until the estimated exposure dleseeases below the toxicity threshold
for both surrogate endpoints, at which point thedte would move into rapid follicle
growth for the first egg.

During the follicle growth and egg production phabere are two surrogate endpoints (i.e.,
the NOAELSs for the number of eggs laid per hen medn eggshell thickness per hen) for
effects on adult well-being.

* The toxicity threshold for the number of eggs lsidompared to the estimated daily
doses during each day of the follicle growth ang piwpduction phase. On any day
during the phase that the estimated exposure dageater than the toxicity threshold for
the number of eggs laid, the nest attempt is censdifailed and the female enters the
waiting period after pesticide failure.

* The toxicity threshold for eggshell thickness isnpared to the estimated daily doses
during each day of shell formation. On the daglwll formation for each egg laid if the
estimated exposure dose is greater than the tpxiciéshold for mean eggshell
thickness, the nest attempt is considered faileftlae female enters the waiting period
after pesticide failure.

During the incubation phase, there are three sateogndpoints (i.e., the NOAEL of the pre-
laying adult body weight, 1/10 of the LD50, and M®@AEL for proportion of eggs set that
contain viable embryos) for effects on adult wedlflyg and one surrogate endpoint (i.e. the
NOAEL for the percentage of viable embryos prodgdiatchlings) for effects on egg
hatchability fromin ovoexposure.

» Two of the surrogate endpoints for adult well-befng., the NOAEL of the pre-laying
adult body weight and 1/10 of the LD50) are com@arach day to the estimated daily
dose for that day. On any day that the estimatpdsure dose is greater than either of
the toxicity thresholds for these surrogate endgdime nest attempt is considered failed,
and the female enters the waiting period afterigdstfailure.

* The third surrogate endpoint for adult well-beinhg.( the NOAEL for proportion of eggs
set that contain viable embryos) is compared te#tenated daily dose on each day of
the follicle growth and egg production phase.h# estimated daily dose during any day
of the egg-laying period exceeds the toxicity thadd, the clutch is completed and enters
a doomed incubation state, which means the femaléates the clutch, but the nest
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attempt is considered failed on the date the elggsld have hatched, and the female
enters the waiting period after pesticide failure.

* The toxicity threshold for egg hatchability endgasicompared with a time-weighted
average (TWA) for exposure during the rapid foligrowth and shell formation period
of each egg in a clutch. When the TWA exposurefa or more eggs exceeds the
toxicity threshold for hatchability, the clutchaempleted and enters a doomed
incubation state, the nest attempt is consideréstifan the date the eggs should have
hatched, and the female enters the waiting peffted pesticide failure.

During the nestling rearing phase, there are twmgate endpoints (i.e., the NOAEL of the
pre-laying adult body weight and 1/10 of the LD5d))effects on adult well-being and three
surrogate endpoints for nestling survival-one finravoexposure (i.e., the NOAEL for the
percentage of hatchlings surviving to 14 days @)and two from dietary exposure (i.e.,
fraction of the LC50 and 1/10 of the LD50).

* Both surrogate endpoints for adult well-being ampared each day to the 2-day TWA
exposure (i.e., on each day of the phase the avergmpsure dose on that day and the
preceding day is calculated). On any day thaRtday TWA exposure is greater than
either toxicity threshold the nest attempt is cdesed failed, and the female enters the
waiting period after pesticide failure.

* The nestling survival endpoint from ovoexposure is compared with time-weighted
average (TWA) for exposure during the rapid foligrowth and shell formation period
of each egg in a clutch. When the TWA exposurefa or more eggs exceeds the
toxicity threshold for nestling survival, the clbtes completed and enters a “doomed”
incubation state even though it is assumed thiatat some of the nestlings will hatch.
Although study reports give the proportion of hétads that survive to 14 days of age,
they may not report the distribution of nestlingtte during the 14-day period.
However, since than ovoexposure may cause mortality in hatchlings soter #iey
hatch, the nest attempt then is considered faifethe date the nestlings hatched, and the
female enters the waiting period after pesticidkeife.

» The two surrogate endpoints for nestling survivahf dietary exposure are compared to
different measures of exposure. The fraction eflt&50 endpoint is compared with the
5-day TWA for dietary exposure to nestlings (iaaerage of nestling exposure doses on
each day and the preceding 4 days). Consequenttyparisons between the toxicity
threshold and the 5-day TWA begin once nestling®lmad 5 days of dietary exposure
(i.e., at beginning of Bday since hatching) and continue each day uetifing. With
this surrogate endpoint, nest failure does not iogatil nestlings are older than 5 days.
The 1/10 of the LD50 endpoint is compared eachaddlye nestling rearing phase to the
estimated daily dose for that day based on thdingstiet. If either one of the measures
of nestling exposure exceeds the correspondingitgxhreshold on one or more days,
the nest attempt is considered failed immediatatyg the female enters the waiting
period after pesticide failure.
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There is also a probability of nest failure duetological causes (e.g., nest predation,
adverse weather, etc.) during each day of the &ggd, incubation and nestling-rearing phases.
If a nest fails due to ecological causes, the fereaters the waiting period after ecological
failures. If a nest attempt proceeds through émebding stage without a failure due either to an
ecological cause or a pesticide exposure that eéscaeoxicity threshold, the nest attempt is
considered to have been successful, and the feantdes the waiting period after fledging
success. This waiting period may be very briefsfpecies where the female is not involved with
post-fledging juvenile care or may be an extendsibd for species where the female cares for
juveniles until they become more independent.

At the end of the waiting periods after succesiture from either pesticides or ecological
causes, the female would return to egg productiannew nest attempttifiere is time
remaining in the breeding season #mel estimated daily exposure dose is below thieitgx
thresholds for both the NOAEL of the pre-laying lhdody weight and 1/10 of the LD50. If the
estimated daily exposure dose is higher than eghtrese toxicity thresholds, the female
remains in that waiting period until the exposuoselfalls below both toxicity thresholds, at
which time a new nest attempt begins if time remainthe breeding season. If, on the other
hand, the end of a waiting period comes after tite det for the first egg in the last nest of the
seasorfi.e., Tjasy), the female quits breeding for the season.

G. Modd assumptions and uncertainties

Many of the assumptions and uncertainties assakwith using the MCnest model have
been mentioned in the previous sections. Thismse intended to present a more thorough
discussion of model assumptions and uncertaintiddtzeir possible consequences on the model
outcomes. Also, where appropriate, suggestionseiprovided for reducing uncertainties and
lessening the reliance on assumptions.

1. Assumptionsreflecting limitations of toxicity testing

By necessity, laboratory toxicity tests simplifgtivay test organisms are exposed to test
substances and limit the range of possible resgdosthem. Several types of potential field
effects either cannot be observed in the laboratsty(e.g., parental behavioral effects during
incubation or nestling rearing) or, if observalthe response may be restricted by the limitations
of laboratory test systems (e.g., may see a dexirdke rate of egg production with no
information about how this could relate to chanigedutch size in the field). Also, most
reproductive toxicity tests, including those fords, were not originally designed to quantify the
magnitude of effects on reproductive success, ex@tis limited information for quantitatively
describing dose-response relationships. To adthess limitations, a key assumption in
MChnest is that the surrogate endpoints selectad &wailable toxicity tests are suitable
indicators for the possible field effects due tstpmede exposure. As mentioned above, surrogate
endpoints vary in the degree to which they direjyresent the field effect of concern. Even
for relatively indirect surrogate endpoints suctaahange in body weight during the pre-laying
period, it is assumed that a pesticide-relatedatéaiu in body weight in the laboratory is
indicative of other adverse effects on adult weliAg in the field that could lead to nest failure.

42



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Technical Manual for Basic Version of MCnest — ketoy 2013

A related assumption is that the NOAEL for surregatdpoints from the avian reproduction

test, as well as the fractions of the LD50 and LGB® adequate approximations of the exposure
dose below which unreasonable adverse effectsarexpected. Conversely, when exposure
exceeds these toxicity thresholds it is assumedathaerse effects are possible, though because
of the lack of quantitative dose-response infororgtit often is not possible to estimate the
probability or magnitude of adverse effects. Coneatly, when estimated exposure doses
exceed the toxicity thresholds for surrogate enalgoit is assumed that the most severe effect is
that the nest attempt would fail, with the femadeing the opportunity to renes$tthe exposure
dose drops below the toxicity threshold for effemmtsadult behavioandthere is time remaining

in the breeding season. In reality, it is unlikéfigt all exceedances of the toxicity threshold in
the field would lead to a nest failure, but withadtitional information it is not possible to
determine the probability of nest failure. By as#ug that all exceedances of toxicity thresholds
lead to nest failure, MCnest outputs may repreaemanservative estimate of potential pesticide
effects on reproductive success (i.e., may ovenasél the effects of the pesticide on overall
reproductive success).

The estimation of pesticide effects on overall ogloictive success in MCnest could be
improved if avian reproduction tests were desigioeguantitatively describe dose-response
relationships for sensitive endpoints using regoesanalysis. This has been discussed in
several research papers (Bennett et al. 1990, Boxm1986a, b) and review papers (Bennett
and Etterson 2006, Bennett and Ganio 1991, OECIB)199owever, this alone does not address
the fact that many of the measured test endposdd as surrogates are indirect measures of the
field effect of concern. We also would need toensthnd the functional relationship between
the surrogate endpoint and the response of thebdiébct. For example, if the avian
reproduction test were designed to quantify theedesponse relationship for changes in pre-
laying body weight, we would need to understand kimat relates to changes in adult well-being
that could lead to nest failure in order to imprdive estimation of the percent change in
reproductive success from pesticide exposure.ridterely, development of an avian
reproduction test using natural incubation has lekstussed (Bennett and Ganio 1991, Mineau
2005), which, if available, would reduce the neadifidirect surrogate endpoints by more
directly measuring the types of effects possiblgundng in the field. While these issues have
been in discussion for many years, the currentnangproduction test protocol will be the
standard used for the foreseeable future. Consdguthe Basic Version of MCnest focuses on
how to make the greatest use of the existing @stata in improving the quality of risk
assessments, while helping to illuminate testirfgcimcies that could be improved upon in the
future.

2. Assumptionsreated to parameterizing the exposur e profile

When data are lacking or highly variable, assunmstiare made about exposure
parameter values such as the half-life of pestigdedues on various food types, initial residue
concentrations on food types, dietary compositioeach species, and the proportion of the diet
derived from treated fields. In screening-levekrassessments, conservative default
assumptions are usually used for residue halfelfitmates or initial residue concentrations to
examine a worst-case exposure scenario. Howeggono screening-level assessments, if the
goal is to more realistically estimate the magretodl effect on reproductive success in a
population, the use of conservative exposure assongomay not accomplish this goal because

43



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Technical Manual for Basic Version of MCnest — ketoy 2013

not only can they overestimate a pesticide’s efbecavian reproductive success under a specific
use scenario, but they also can distort what iméghfrom comparisons of the relative effects
among species or application dates. To morestezllly estimate the magnitude of effects,
values for exposure parameters should be as repatise as possible of empirical observations
from the field. Admittedly, this is difficult becae often there are limited empirical data on
which to base a parameter estimate. For exanes may be data on the degradation half-life
of a pesticide only on plant leaves, so can onenagshe same half-life is appropriate for seeds
and insects? Even when empirical data exist,aften not possible to determine how
representative the data are of field scenarios.ekample, while Fletcher et al (1994)
summarized pesticide residue concentrations onwsiplant food types from a large number of
existing studies, these studies were not conduobed the perspective of describing the
distribution of residues on foods of wildlife spesij so it is unclear how well the reported mean
and standard deviation of pesticide residues oh fad type represent the distribution of
residues in the diets of a population a particspscies. These uncertainties due to data
limitations need to be considered in light of themagement questions being addressed when the
model user is setting exposure parameters.

Dietary composition also varies among individuaihwwopulations and among seasons.
The goal in establishing the default values fot de@mposition in each species’ profile was to
estimate the typical proportion consumed in eadh@fsix diet categories from Table 3 by
females during the breeding season based on aleadadt information. For species that are
purely granivorous or insectivorous, this is stindigrward even though there may be
tremendous variability among individuals or regiomghe species of seeds or invertebrates
consumed. For omnivores consuming foods from iplelicategories it is more difficult to
estimate proportions consumed from each not ordpiree of the variability among individuals
and regions, but also because of the paucity afitfative analysis available for some species.
The values selected for each diet category affectalculation of daily ingested dose because of
differences in the nomogram values and estimategmient moisture for each diet category.
The Basic Version of MCnest uses nhomogram valudgarncent moisture estimates from OPP’s
T-REX model. However, because a model user may teanodify these values with scenario-
specific information, all nomogram values, dietagymposition estimates and percent moisture
estimates are editable by the model user. Itagélponsibility of the model user to justify
changes to these default values.

Finally, while the food ingestion rate per body gtei(FIR/BW) ratio used in calculating
the daily dietary dose is based on species-speatatia for adults, this calculation is much more
difficult in nestlings for a couple of reasons.rgEi nestling body weights and their daily
ingestion rates are changing rapidly from hatchofiedging. Second, while daily growth of
nestlings has been documented in some specieg edéiinates of the food ingestion rate in
nestlings are uncommon. The Basic Version of MCuasss an estimate of nestling FIR/BW
ratio from an analysis discussed in Section C abdwere the FIR/BW was calculated each day
of the nestling period for an insect diet (EFSA 200By choosing the day with the highest
FIR/BW ratio, this approach is intended to représeconservative estimate of the FIR/BW ratio
throughout the nestling rearing period. This i&posure parameter endpoint that could be
improved by additional research, but until bettgéoimation is available the default values for
the FIR/BW ratio in the Basic Version of MCnest &r@8 for the non-seed portion of the
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nestling diet and 0.24 for the seed portion. Tlelehuser can use these default values or
modify the values if suitable data are available.

3. Assumptionsrelated to modeling avian breeding seasons

In developing the MCnest model we tried to minimize number of life-history
parameters required and to rely on parametersatbatpically estimated in field studies and
reported in the literature. Our goal is a modat ik applicable to a broad range of species with
limited life-history data. In general, we assumattthe species profiles developed are adequate
representations of breeding seasons for thoseespeltiis difficult to verify MCnest estimates of
reproductive success against field estimates beocaary few field studies are designed
specifically to measure the annual reproductivesss of a population or the number of
successful broods per female per year. Even wbiere $ield studies do estimate these
parameters, they may reflect the results at a Bpg@tace and time, but it is unclear how
representative those results are for the specigsnaral. We develop the most realistic
representation we can of the breeding season bfsggsecies, but in risk assessment applications
we are not relying on the absolute estimate ofearabal’s effect on reproductive success
because the MCnest model results will be used pilyrta estimate the relative difference
between chemical and no-chemical scenarios. Hawthere still are assumptions made in
modeling a species’ breeding season that couldtheaselative effects. Most notable among
these assumptions is that a fixed length breeddaga is an appropriate description for the start
and end of breeding activity in a population ofdsir Under this assumption, all females renest
after both nest successes and failures as lortfgees is still time remaining in the breeding
season, but all re-nesting ends after a fixed eel. din reality, for many species there is
evidence that the probability that a female wilitduweeding for the season increases over time
until finally all females have quit, but there itlé data to quantitatively describe these time-
dependent quitting probabilities (Etterson et @D9). In the Basic Version of MCnest when a
fixed end to the breeding season is assumed, thayde more females in the simulation nesting
late in the breeding season than occurs in the.fi€onsequently, if a pesticide is applied late in
a species’ breeding season, more nesting attengytdeat risk in the model simulation than
might occur in the field at that time. Researchtowes on methods for improving the definition
of the length of the breeding season. Similarlgeolife-history parameters are assumed to be
constant throughout the breeding season in thecB&assion of MCnest, such as the daily rate of
nest mortality and clutch size. However, for mapgcies these parameters also may vary over
time though there is often not sufficient data alde to quantify these temporal relationships.

In MCnest simulations involving a pesticide appiica(s), every female in the
population is assumed to be exposed to the pesti¢tbwever, given the spatially
heterogeneous use of a pesticide in the field, uhiikely that all females of a population would
be exposed to a specific pesticide except for pbskically-defined populations. The results of
MCnest can be used in conjunction with spatiallpteit or spatially-implicit modeling
approaches to simulate the proportion of a popratixpected to be exposed given the use
patterns of a pesticide, but the Basic Version @fndst does not incorporate this capability.
Similarly, MCnest simulations assume that each fenmathe population is an active breeder,
whereas populations of many species may includepoption of males and females that are not
reproductively active (i.e., non-breeding floater$p the extent that information exists for
guantifying the proportion of non-breeders in aydapon, it would be best to use results of
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MCnest in a population modeling framework that address the issue of floaters, especially
since the proportion of non-breeders each yearlmay density-dependent function.

H. Interpreting MCnest outputs

The interpretation of MCnest outputs occurs at lswels. First, the model user needs to
understand the information presented in the sefiesitputs from each model simulation.
Second, the model user needs to understand hosutpats from a series of MCnest simulations
can be used in ecological risk assessments, imguchderstanding how uncertainties in the
model affect the interpretation of results.

1. Interpreting outputsfrom individual M Cnest simulations

At the completion of each model simulation, severdputs are available. The most
basic output is displayed on the MCnest main window includes the mean number of
successful broods per female in the population98% confidence interval (CI), and the number
of pesticide applications. The full table of résudlso can be displayed and includes the mean
number of nest attempts (plus 95% CI), the overagiing success (plus 95% CI), the date(s) and
application rate(s) for each application, and thigal exposure dose for adults and nestlings
after each application.

The confidence intervals for each of the main oupawameters reflect the variability
among the replicate populations used in the sinanatFor example, if a simulation is setup to
run 10 replicate populations of 100 females, fartal population size of 1000, the confidence
intervals represent the variability observed amibregl 0 replicates. The variability among
populations is due to the fact that the temportkpa of nesting activity for each female varies
due to different dates for the start of the firssthattempt (determined by the initiation
probability) and differences in the timing of néatures from ecological causes (determined by
my andnmy). Variability among populations also results whsimg the lognormal distribution
option for creating the exposure profile. Consedjyefor simulations that hold pesticide
exposure constant for all females (i.e., using maxn or mean nomogram values), if the
initiation probability for a species is set to Idamy, andm, are set to 0O, the responses of all
females and all replicates are identical. Sineedlare other important sources of uncertainty in
the model that are not quantified (e.g., inabtidyadequately quantify dose-response
relationships, field effects that are not obsenveldboratory test, simple assumptions about the
length of the breeding season), the confidenceviake should not be interpreted as reflection of
the variability around the estimate of the trugooese of the population, but rather as a measure
of how well the model has converged upon the ptegeaverage number of successful broods
per female, given the number of females simulated.
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The model user also can display the "Phase diagfan®ach simulation (see example in
Figure 3) which shows the proportion of femalesach of 11 states (see Section D for
definitions) throughout the entire breeding seaswiyding:

Pair formation phasd’f)

Rapid follicle growth periodr{g)

Overlap of rapid follicle growth & eggshell formati periodsfg/ef)
Eggshell formation periocef)

Incubation phasd)

Nestling rearing phasé\f

Doomed incubation phaskl)

Waiting period after pesticide failur&vy)
Waiting period after ecological failur§\)
10 Waiting period after succes#)

11.Quit breeding Q)

©CoNok~wNE

| - I o I iy e I [N | wp [ we [ ¢ I |

Proportion of Females

0
Apr-04 Apr-17 Apr-30 May-13 May-26 Jun-08 Jun-21 Jul-04 Jul-17 Jul-30
Date

Figure 3. Example of phase diagram for eastern nweladk.

The “Phase diagram” is used to visualize the respafhthe population to a pesticide
exposure scenario over time, and Section F ab®aaeisses several of the transitions between
breeding phases resulting from pesticide-relatesti fiadures. The next few paragraphs discuss
some additional aspects about phase transitiokECinest that help in the interpretation of the
"Phase diagrams.”

At the beginning of the breeding season, the "Pl&sgram” shows all females starting
in the pair formation phase before transitioning iegg laying based on a geometric distribution
where 25% of the remaining females each day ieitiair first clutch (i.e., initiation probability
of p = 0.25). Three of the diagram states (i.e3,2nd 4) represent the egg-laying period. Each
egg goes through a several day period of rapictfelgrowth until the egg yolk is ready for
ovulation and a period of approximately one daynfrmvulation to laying where the egg albumin
is deposited and the eggshell is formed (See Figatsove.). Because birds lay eggs one at a

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

a7




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Technical Manual for Basic Version of MCnest — ketoy 2013

time, during the formation of a clutch of eggs thex an initial period where only rapid follicle
growth (RFG) is occurring for the first egg (i.state 2), followed by a period where both RFG
for subsequent eggs and eggshell formation (E&¢asirring (i.e., state 3). Finally, there is a
one-day period of EF for the final egg laid (istate 4).

All of the waiting periods are defined as the dimrafrom a nest failure or success until
laying the first egg in a new nest. Because tieeadso a period of rapid follicle growth for the
first egg of the new nest, the waiting periodsyiasalized in the "Phase diagram,” may seem
shorter than they are defined for each speciesuseaan the days where the waiting period and
rapid follicle growth period overlap, the birds ateown as being in the rapid follicle growth
period (i.e., state 2) in the "Phase diagram.” &ample, if the waiting period after success is 7
d and the rapid follicle growth period is 4 d, enfde will only be in state 10 (i.e., Waiting period
after success) for 3 d before transitioning toesgat This is especially noticeable in species
where the duration of the waiting periods and rdpillicle growth period are similar (e.qg.,
mourning dove). The exception is when pesticidédee concentrations on food remain higher
than the toxicity threshold values for adult bebaai surrogate endpoints, because when this
occurs the birds will remain in the waiting periactil residue concentrations fall below these
thresholds.

The MCnest model also produces a "Brood histogrdmat plots a histogram based on
the frequency distribution of the number of sucitddwoods per female and an "Exposure
series” that plots the daily exposure dose ovee fion both adults and juveniles. When the
model user chooses to draw calculated doses frdistrébution, the "Exposure series” also plots
the 28" and 7%' percentile from that distribution for both adudtsd juveniles. Finally, the
model produces a "Log file” that documents the lssaf a simulation run as well as all of the
input parameters. This provides the model usdr alitthe information required to exactly
recreate a model simulation if need be.

After each model simulation, the model user care gaspecific simulation or, if multiple
simulations have been run, the entire table of Etians can be saved. When a single
simulation is saved, MCnest automatically namedit@evith the following format: species
name, date of the run (yyyy.mmm.dd), and time efrim (hh.mm.ss AM/PM). An example file
name is “dickcissel.2011.Jun.20.12.30.45 PM.” Bing the exact date and time in the file
name, there is no possibility of overwriting pravsty saved files. By saving a model
simulation, the model user has access to all ofrtbdel output discussed above. When an entire
table is saved, MCnest prompts the user to supfily rame.

2. Interpreting M Cnest outputsin ecological risk assessment

As stated in the introductory overview, to put tugput from a single MCnest simulation
involving a pesticide exposure into perspectives tompared to the output of a simulation(s)
without pesticides. Calculating the relative difiece between scenarios with and without
pesticide exposure gives the model user an estiofidte proportional reduction in annual
reproductive success due to the specific pestiggdescenario simulated. In ecological risk
assessments, this estimate should stimulate attVeasdditional questions. First, how
reflective is the estimate of the response expdatétk field? Second, what does the estimated
reduction in annual reproductive success mearetgubtainability of the population?
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While there is no way of knowing exactly how wélétmodel estimate of reduced annual
reproductive success reflects the potential fiekponse, the model user can examine how
assumptions made in valuation of parameter indégstahe model outcomes. As is stated in
earlier sections of the Technical Manual, usingseovative assumptions about the value of input
parameters, instead of more empirically-based galeftecting observed field data, can lead to
model outcomes that overestimate the proporticduction in reproductive success. Oftenitis
necessary to use conservative assumptions inggdsament when the needed data are absent or
of poor quality. However, when there are dataafgpecific parameter, even if not considered
adequate for use in risk assessment, the modetaseun simulations to examine to what
extent a conservative assumption for a specifiarmpeater estimate affects the overall results
compared to the empirically-based data. This glesisome insight into the degree to which
conservative assumptions overestimate the prop@iti@duction in reproductive success.

There are a couple of conservative assumptionsyskéed in previous sections) that are
built into the Basic Version of the MCnest modeldanodel users cannot examine alternatives.
First, when the estimated exposure exceeds theitpitireshold for each decision point, the
nest attempt is considered to have failed. Ifraveproduction tests were designed to quantify
dose-response relationships for surrogate endpANB if we knew the quantitative
relationship between the laboratory-measured sateogndpoints and the field effects they
represent, decision points could be based on ptiopal responses rather than the current
success/failure dichotomy, and model users wouwk lize ability to explore alternative
assumptions about these quantitative relationshijpere is much about these relationships that
is poorly understood, but the architecture of MGadér®ady can incorporate dose-response
relationships. The options available in MCnest egpand as our knowledge of these
relationships grows and can be formalized. Seciadlength of the egg-laying period for each
species is defined by a start and end date Tisg.+ T1) and all females are assumed to continue
making nest attempts until reaching the end da&esearch continues on alternative methods for
defining the length of the egg-laying period focledemale. These methods incorporate
knowledge that after each nest success or faidupeytion of the population will quit breeding
for the year, but those alternatives currentlyrareavailable in the Basic Version of MCnest.

The second question relevant to risk assessmedtesads our understanding of how
changes in one demographic parameter—in this based¢undity rate—affect the population
level. This question is often simplified to askshmuch is too much? The answer to this
guestion is outside the scope of MCnest and igbattdressed through population modeling.
However, MCnest plays a role by providing populatinodelers with better quantitative
estimates of the change in annual reproductiveesscitom a specific pesticide-use scenario.

|. Quality Assurance: Verifyingthat the model performsasintended

Beyond the model outputs discussed in the preseason, each simulation produces
several additional outputs that are not availabkeently in the compiled version of MCnest for
use on computers without Matlab software. Howethezse output files are used when running
the model in Matlab primarily for diagnostic purpsdo verify that the model is performing as
intended. All of the transitions from one statatmther (discussed in Sections F and G) can be
verified for each female in the simulation by usingeries of output files. The "StateMatrix” is
the primary diagnostic tool for determining if ttransitions among states are occurring as
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intended in the model, especially at each of theestten points. For each female in a simulation,
it reports which of the 11 states a female is ireaoh day of the breeding season. To verify
model performance a series of simulations aresusdiate specific decision points or specific
types of effects, and the "StateMatrix” is reviewedevaluate if transitions are occurring as
expected. For example, a series of simulationdeaset up where only a single surrogate
endpoint is triggered by a brief period of exposexeeedance to isolate specific decision points.
The "StateMatrix” also can be compared with a ¢édled "Endpoints” that calculates the
exposure dose used for each of the MCnest modalideoints on each day of the breeding
season. This is the exposure dose that is compatiedhe toxicity threshold for surrogate
endpoints to determine whether or not there isxaeedance that would lead to a nest failure or
the female can return to egg laying from a waitpegod. A related file called "Exceedances”
compares the daily exposure value from the "Endgbiiiie with the toxicity threshold values

for each decision point and displays a “1” if exp@sexceeds the toxicity threshold or "0” if not.
These three files can be used to verify that allsien points in the simulation are functioning as
intended. Whenever changes are made to the cadeaskion of MCnest, assessments are
conducted to verify that all transitions continadunction as intended.

We also need to verify that the model is correcéliculating the mean response for
endpoints from all the individual bird responsesyell as the algorithms for calculating the
95% confidence intervals. During each simulatimoMiCnest, a file called "Broods” is created
that tabulates the number of successful broodsjuh&ber of nest attempts, and the proportion
of nest attempts that are successful for each femahe population. For example, if the
simulation used a population size of 1000, the &8s file is a matrix of three columns and
1000 rows. To verify that MCnest has correctlycadted the mean number of successful nests
and nest attempts, this matrix can be copied asttganto Excel and the mean function can be
used for columns 1 (number of successful broodd)2afmumber of nest attempts). To verify the
proportion of nest attempts that are successfuhi@population, we divide the mean number of
successful nests by the mean number of nest ager§atnply taking the mean of column 3 (i.e.,
ratio of successful nest/total nests for each feaill not correctly estimate the proportion of
nest attempts that are successful for the populé&igzause individual birds differ in the number
of nests attempted. The 95% confidence intenaaisbe verified using another file created with
each MCnest simulation called "BroodReps.” Wheltirsgg up a simulation in MCnest, the user
chooses the number of population replications Aechimber of individual females in each
population replicate. For example, the default ivWe&nest opens is set to 10 replicates of 100
females for a total population size of 1000 femalekCnest captures the mean number of
successful broods, the mean number of nest atteanpdsthe mean proportion of nest attempts
that are successful for each replicate in the "BReps” file as a matrix with three columns and
one row for each replicate. MCnest calculate98# confidence interval for these three output
parameters as the mean + (1.96 * std dev). Theileions are verified by copying the
"BroodReps” matrix into Excel to calculate the mestandard deviation, and upper and lower
95% confidence limit using Excel functions.

There also is a need to verify that the calculaionMCnest of the exposure doses at application
are functioning as intended. Currently, MCnestubke same approach as OPP EFED’s T-REX
model for converting an application rate, expressegdounds per acre, into an initial daily
dietary dose, expressed as mg/kg body weight/dagdch species. MCnest uses the same
formulas for integrating information on diet comitims and body weight to perform this
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conversion, although MCnest is estimating the enpofor specific species rather than
generalized species used in T-REX. For qualitu@sge purposes, an Excel spreadsheet has
been developed that calculates the initial dietirse for the specific body weights and diet
compositions of the species currently used in geeiges life-history database at a specified
application rate using the T-REX formulas. Thealewations are compared to the initial dose
calculations used in MCnest simulations to veliifgttMCnest is calculating initial daily
exposure doses exactly the same as the approagtinuBeREX. This spreadsheet currently
exists only as an internal quality assurance t@nice the species library is expanded and
finalized, the spreadsheet may be available asopéine species library documentation.

J. Analysis of model sensitivity to variation in input parameters

Sensitivity analysis is the study of how variatinrthe model input parameters affects
model outputs. In MCnest, sensitivity analysissed to determine how changes in input
parameters affect the estimated number of sucddssiods per female in the simulated
populations—the primary output parameter from M@nd#$e first step is to determine which of
the input parameters to consider in the sensitaiglysis. As mentioned in Section A
(Overview of the conceptual approach used in MQndstre are three categories of input
parameters: 1) species life-history parameterpe)icide application scenarios, and 3) toxicity
threshold values for surrogate endpoints.

1. Approach for a sensitivity analysis of life-history parameters

Species life-history profiles used in MCnest arsdubon a series of parameters gleaned
from a variety of literature sources including joalk articles, books, and reports. Many of the
life-history parameters reported in the literatoray vary considerably within and among
studies. The variability evident within studiesyntee from year-to-year differences or
differences among sites with different habitat gualr weather-related parameters. Variability
among studies may be evident because studies wedeicted at different times and/or different
locations or because of differences in experimantthods. Selection of typical values for life-
history parameters is made more complicated whiemmation from the literature is variable,
but the factors responsible for that variabilitg aoorly understood or described. A sensitivity
analysis of the effects of variation in life-hisggrgarameters on MCnest outputs would identify
which parameters have the greatest effect on chgidCnest outputs and would be useful in
the development of species life-history profiles.

To determine which parameters have the greatestatrgm MCnest output, input
parameters can be varied by the same relative anfewgn, each input parameter varied by plus
or minus a specific percentage of the estimatexaonine the relative change in model output
relative to a baseline simulation). First a bameBimulation was run for a specific suite of life-
history parameters. Next, a series of simulatisas run modifying one parameter at a time by
either increasing or decreasing the baseline u@yu&0%. The difference in response due to
variation of each life-history parameter was cated as the proportional change in the number
of successful broods per female relative to thelbasvalue, i.e., (modified — baseline)/baseline.

The life-history parameters considered were: 1) mégation probability, 2) daily nest
mortality rates during egg laying/incubation,f and during nestling rearing¥), 3) duration of
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the breeding seasom)( 4) length of the rapid follicle growth periodrfeach eggrfg), 5) mean
clutch size €lutch), 6) duration of incubation periotl)(7) duration of the nestling rearing period
(N), 8) duration of the waiting period after ecolagitailure (), and 9) duration of the waiting
period after succes8\). Because daily nest mortality rates for the pgoods (i.e., egg-
laying/incubation and nestling-rearing) are oftenikar, simulations examined variation in these
rates individually and combined (i.e., varied bothandm, by same amount). The length of the
breeding season was defined here as the diffelmtegeen the dates of the first egg in the first
nest 1) and the first egg in the last ne$tg). All durations were expressed in days.

Some of the life history parameters are similar agngpecies, whereas others are quite
different—reflecting the diversity of breeding seastrategies among species. Consequently,
there is no single baseline simulation that candss for exploring variation in input parameters
that would be representative of all species. Aesesf baseline simulations was used that
reflected the variation observed in three of thesinadynamic parameters, while holding the other
parameters constant. The first is the duratioheforeeding seasom)(to represent short,
medium, and long breeding seasons. Durations d3®&0and 120 days were used Tan
baseline simulations. The second in the combiraglgt dest mortality ratesrf; & my) to
represent low (0.015%, medium (0.03 d), and high (0.045Y) daily nest mortality rates. The
third is the waiting period after fledging\) to represent short (10 d), medium (20 d), and lon
(40 d) periods of post-fledging juvenile care bg temale prior to initiating a new clutch of
eggs. The three levels of three parameters rigsBlt combinations of input parameters to
define the suite of baseline simulations. All etimput parameters were held constant for the 27
baseline simulations, including: 1) length of thpid follicle growth period (5 d), 2) mean
clutch size (5 eggs), 3) duration of incubationiqgee10 d), 4) duration of the nestling rearing
period (10 d), and 5) duration of the waiting pdradter ecological failure (10 d). Also, all
simulations set the nest initiation probability0a25, used an egg-laying interval of 1 day, and set
incubation to start with the laying of the last egg

For each of the 27 baseline simulations, 20 aduitisimulations were run by either
increasing or decreasing the baseline value fdn gfechistory parameter by 20%. Fog and
My, simulations were run on each parameter separaelycombined (i.e., a 20% increase or
decrease during botiy andmy,). Each simulation was run using 10 replicate$0tfO females
for a total population size of 10,000 females.

2. Results of sensitivity analysis of life history parameters

An immediate pattern that emerged is that variatiahme initiation probability and the
duration of the rapid follicle growth period had efbect on MCnest outputs. Changing the
initiation probability by 20% resulted in only srhehanges to the distribution of first nest
attempts and had no observable impact on overah@8Coutputs. The lack of effect of changes
in the rapid follicle growth period is because tingt egg overlaps entirely with the waiting
period after either success or failure of the mesinest attempt. Waiting periods are defined as
the duration between a nest’s success or failvoen(einy cause) until the first egg is laid in the
subsequent nest and are almost always longer hiearapid follicle growth period.

Consequently, varying the rapid follicle growthiperhas virtually no influence on the number
of nest attempts possible within the breeding sea3de results for simulations varying the
length of the follicle growth period or initiatigerobability are not discussed further.
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Among the 27 baseline simulations the number ofesgful broods per female ranged
from 0.71 (short season, high nest mortality rdtesy W) to 2.96 (long season, low nest
mortality rates, shoM\t) (Table 5). Not surprisingly, as the length ¢ treeding seasdn
increases, the number of successful broods alseases. Also, the number of successful broods
increases as the daily nest mortality rate decseaisé the duration of the waiting period after
succesdV; decreases. For each simulation, the number ofsstul broods per female is
reported in Table 5 and the proportional changa® fihe baseline value are reported in Table 6.
Bar graphs for visualizing the relative sensitivafyvariation in life history parameters for each
of the 27 baseline simulation are presented in AgpeA.

Across all baseline scenarios, the largest propmatichanges in the number of
successful broods per female were due to variatidn A 20% decrease ifiresulted in a 3% to
19% decrease in the number of successful broodie wl20% increase i resulted in an 11%
to 45% increase (Table 6). For most of the baseaenarios, the proportional increase and
decrease for each baseline scenario are relasweiiar, but one set of conditions stand out as
different. For baseline scenarios where the domadf a complete successful nesting attempt
(including the duration of the waiting period aftercces®V) is slightly longer tharf, a 20%
increase i provides sufficient time for many of the femalesattempt an additional nest. The
most extreme example of this is for the baselim®ado defined a§ = 60 d,,, =m, = 0.015 d
! andW:= 40 d (Table 6), where a 20% increas@ irsulted in a 45% increase in the number of
successful nests, while a 20% decrease resultenlyra 3% decrease in the number of
successful broods. A similar result was obsereedhe baseline scenario definedlas 60 d,
my =mp = 0.03 &', andWi = 40 d. There are additional baseline scenariarevh 20% increase
in T resulted in a noticeable increase in the numbsuotessful broods per female because the
additional time allowed for one more nesting attethpn was observed in the baseline
simulation (e.g.T = 60 d,my; = m, = 0.045 &, andW; = 40 d andl = 120 d,m = m, = 0.015 d,
andW = 40 d).

Variation in combined daily nest mortality rate® (imy andm) also resulted in large
proportional changes in the number of successhdds per females when the baseline level of
daily nest mortality was high (i.e., 0.043)d The largest impact is for the baseline scenario
defined asT = 60 d,m;, = m, = 0.045 &, andW; = 10 d (Table 6), where a 20% increasenin
andmy, resulted in an 18% decrease in the number of saefidenests, while a 20% decrease
resulted in 22% increase in the number of succebsfods. The significance of variationnm
andm, combined decreased as the baseline levehfé& m, decreased. When considering
variation inmy andm, separately, the vast majority of simulations re=iiln a less than 10%
change in the number of successful broods per famal

Variation in the waiting period after succé8isresulted in a pattern of responses across
all 27 baseline scenarios that was similar to #itéepn observed foF. In general variation ik
resulted in less than a 10% change in the numbsunadessful broods (Table 6). However, for
baseline scenarios where the duration of a compieteessful nesting attempt (including the
duration ofW) is slightly longer thaiT, a 20% decrease W: provides sufficient time for many
of the females to attempt an additional nest. €quently, the largest increases (up to 32%) in
the number of successful broods due to decread¥saocurred for the same baseline scenarios
as responded to increasedi(iTable 6). This can be visualized in Appendix Aerdnthe
MCnest output is skewed to the right foandW for those simulations where sufficient time
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exists for an additional nesting attempt relatwéhie baseline simulation (e.d@.7= 60,m =, =
0.015,W = 40).

Variation in other life-history parameters, suctchdgch size ¢lutch), duration of the
incubation [) and nestling rearind\ periods, and the waiting period after environraéfdilure
(We), resulted in smaller impacts on the number otessful broods per female, and impacts
were more consistent across the 27 baseline soenavarying clutch size by 20% resulted in
changes in the number of successful broods frontdd986 (Table 6), while variation inor N
resulted in 0% to 13% change in number of broodariation inW.had a small (1% to 7%)
impact on the number of successful broods per femal

Unfortunately, the life-history parameters that ltiael greatest impact on the MCnest
outputs (i.e.T, my, mp, andW) are also among the most variable parametersihtérature.
The length of the breeding season, as well as/flieal starting and ending dates for egg laying,
vary considerably among geographical regions anlddarway they are reported in the literature.
As a life-history profile is developed for a speieonsiderable thought needs to be given during
evaluation of available literature for selectingesato represent the start and end of egg laying
that produce an overall species profile that ikeotiive of that species. Also, for risk
assessments focused on a particular region, itbeappropriate to select dates for the start and
end of egg laying that are representative of thgiton. Variation inmy andny, in the literature
reflects that nest success varies due to factats @s habitat quality, weather patterns, and the
abundance of nest predators and parasites. Taligsaindicates that it is important to
document the rationale for selecting typical valokisy, andm, in the development of a species
profile because of the impact these values can baWwCnest output. Although the duration of
the waiting period after fledginy\¢) differs greatly among species because of difieeenn the
role of females in post-fledging juvenile care rthalso is considerable variation within some
species probably reflecting differences among idial females in how rapidly they can
liberate themselves from fledgling care for remeasti This parameter also suffers because few
studies follow females throughout the breeding @e&s actually documemy; . Consequently,
much of the information in the literature relevemi\t is anecdotal or based on small sample
sizes. Also, some estimates may reflect femakgsrémest after losing fledged juveniles that
had not completely reached independence. Thengaeriod after ecological failur®\) is
similar toW in that few studies follow females throughout thedaling season to actually
documentV,. However, the degree of independence of juverslest a factor in\,, but the
length of time for rapid follicle growth and/or build a new nest does affeédt. The manner in
which a female loses a nest attempt may also infled/, but few studies provide insight into
these factors.

The avian literature contains much more informatarclutch size and the duration of
incubation and nestling rearing phases, so eshajjgypical values for these parameters is
relatively easy for most species. Given the resnilthis analysis, variation in selecting typical
values for these parameters will have minor impantMCnest outputs.
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Table 5. Changes in the number of successful brpedfemale due to variation in life history paraens from 27 baseline species

profiles.
Mean number of successful broods per female dohifitory parameters increasekl)(or decreased¥) by 20%
Baseline ml m2 ml&2 T clutch I N We Wi

T ml&m2| Wf |# broods v A v A v A v A v A \ A \ A v A v A
60 0.015 10 159 | 1.62] 157 168 156 1.9 152 142 1194 162 155 [.682|11.66| 1.52] 1.64 156 1.6 1.4
20 147 | 151 144 150 143 1835 189 1p6 163 151 144 [.580(11.53| 1.41] 149 144 151 1.4
40 0.97 | 0.97[ 094 097 09 098 095 0p4 1{41 (497 0.96 pP.985(00.97( 0.95 09§ 096 1.28 0.9
0.03 10 121 | 1.27] 114 129 114 137 107 103 1}43 127 1.16 [.302|11.32| 1.12] 124 1.18 123 1.]
20 1.11 | 1.18 1.04 116 106 124 099 094 1127 115 1.07 [.103[11.19| 1.02] 1.1 1.0y 1.14 1.
40 0.86 | 0.89) 0.84 089 088 091 080 O0L0 1{10 (.88 ©0.84 p.883|00.88| 0.82] 0.8§ 0.84 1.0 0.
0.045 10 0.89 [ 098 081 098 0.82 1.9 0.y3 0Jf5 1{07 (93 0.85 pP.980[00.99| 0.80] 0.94 0.8 0.91 0.8
20 0.83 | 092 0.7 090 0.76 098 0.f0 O0Jf1 0{97 (87 ©0.80 pP.936(00.92 0.76/ 0.89 0.80 0.86 0.
40 0.71 | 0.75( 0.64 0.7¢ 066 0841 062 063 0{85 (.73 0.69 Pp.766|00.76f 0.67] 0.74 0.68 0.78 0.1
90 0.015 10 230 | 236 2.2 238 224 243 248 108 2{78 2438 225 P.420(2244| 2.18 235 226 237 2.1
20 1.97 | 2.02] 194 2,02 193 2.06 1.88 164 2|32 2.09 180 Pp.188|12.16| 1.78 1.99 198 2.14 1.4
40 1.63 | 1.65 160 168 159 140 1.5 141 1|82 167 159 [.767|11.71] 157 1.674 160 1.74 1.4
0.03 10 175 | 1.84 164 184 167 195 155 147 2|07 182 1.67 [.960|11.90| 1.600 1.81 1.6y 1.79 1.7
20 154 | 163 145 163 146 140 188 1p8 1|81 163 145 [1.681(11.70| 1.400 159 151 1.61 1.4
40 131 | 1.36) 124 138 124 143 1319 140 150 135 1.27 [.393|11.39| 1.22] 1.3 1.2y 1.40 1.3
0.045 10 1.28 | 1.41) 119 140 119 1834 107 1)07 151 135 1.21 [.445|11.45| 1.15 1.3 1.22 1.3 1.7
20 1.18 | 1.29] 1.04 129 1.09 140 1.01 0/97 1|38 124 112 [.3R6(11.31| 1.06] 1.23 1.14 1.2 1.]
40 1.03 | 1.11) 095 111 096 1.18 0.88 0/87 1]19 1.08 (.99 [1.124]01.13| 0.94 1.0§ 0.98 1.08 0.9
120 0.015 10 296 | 3.050 284 3.06 289 315 281 241 3[54 3J.07 287 B.180(23.17| 2.78 3.04 290 3.0/ 2.8
20 252 | 246 2.5 24% 258 240 263 215 2[99 2458 245 P.638(22.64| 2.40] 2.5 246 261 2.3
40 1.88 | 190, 1.84 191 186 192 184 1j71 2|31 190 1.86 [1.984(11.92| 1.84 191 186 2.20 1.9
0.03 10 226 | 238 2131 238 21p 243 198 185 2[66 24.35 2.16 P.408 (2245 2.06| 2.33 2.1y 231 2.1
20 198 | 1.88) 2.04 1.89p 210 1.49 2.18 165 2|32 2.04 190 pP.182[12.13| 1.84 2.04 191 2.08 1.9
40 161 | 1.67] 15 166 154 143 148 1B38 188 165 157 [.683|11.69| 1.51] 1.6 157 1.76 1.4
0.045 10 1.67 | 1.82] 151 183 153 199 188 1B5 1195 176 157 [1.8847|11.87| 1.48 1.7 159 1.7 1.4
20 151 | 1.65 137 164 139 147 129 1p5 1|79 159 144 [.635(11.67| 1.36] 1.54 1.46 156 1.4
40 130 | 1.39] 1.19 139 120 148 1.2 1)09 1|52 136 1.25 [.400(11.40| 1.200 1.3 1.25 1.38 1.3
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Table 6. Proportional change from baseline valietdwariation in life history parameters for 2&élne species profiles, with
proportions> 0.15 highlighted.

h Proportional change from baseline for life histpayameters increased § or decreased¥) by 20%
z Baseline ml m2 ml&2 T clutch I N We Wi
m T ml&m2| Wf [# broods v A v A v A v A v A v A v A v | a A
60 0.015 10 1.59 0.02 -0.00 0.03 -0.p3 0J06 -004 -0.11 0.22 pP.02 10.05 -0.04 0.04 -0.04 0.¢2 -0.p2 0j02 -0
Z 20 1.47 0.08 -0.08 0.02 -0.p3 0f5 -005 -0.14 .11 .03 lo.0m4 -0.05 0.04 -0.d4 0.01 -0.p2 0[03 -
40 0.97 0.0 -0.00 0.00 -0.p1 0J01 -002 -0.03 0.45 pP.00 10.001 -0.02 0.0p -0.02 0.¢1 -0.p01 0J32 -0
: 0.03 10 1.21 0.05 -0.06 0.07 -0.06 0J13 -012 -0.15 0.18 pP.05 10.0€7 -0.07 0.0p -0.97 0.¢5 -0.p2 0j02 -0
20 1.11 0.06 -0.06 0.05 -0.p5 0J12 -0/11 -0.15 0.14 pP.04 10.04€7 -0.07 0.0f -0.9J8 0.¢5 -0.p4 0J03 -0
U 40 0.86 0.08 -0.083 0.03 -0.p3 0J06 -007 -0.07 0.28 p.02 10.00D2 -0.03 0.0p -0.05 0.¢2 -0.02 019 (@
o 0.045 10 0.89 0.10 -0.09 0.0 -0.p8 0f2 -0l18 -0.16 0.20 .04 lo.o4ad -0.1¢ 0.1h -0.10 0.06 -0.p4 0[02 -
20 0.83 0.11 -0.08 0.08 -0.p8 0J18 -0116 -0.14 0.17 pP.05 10.04.27 -0.08 0.1 -0.08 0.¢7 -0.04 0j04 -0
n 40 0.71 0.06 -0.06 0.07 -0.p7 0J14 -0/13 -0.11 0.20 P.03 10.007 -0.07 0.0f -0.d6 0.¢4 -0.p4 0/10 (@
90 0.015 10 2.30 0.08 -0.02 0.03 -0.p3 0J06 -005 -0.14 0.21 pP.03 10.00D5 -0.04 0.0p -0.05 0.¢2 -0.p2 0J03 -0
m 20 1.97 0.08 -0.08 0.03 -0.p2 0f5 -0l05 -0.17 .18 .06 Jo.0ad -0.1¢ 0.1p -0.10 0.01 -0.p2 0[09 -
40 1.63 0.01 -0.02 0.03 -0.p2 0J04 -004 -0.13 0.12 pP.02 10.0D4 -0.04 0.0p -0.04 0.¢2 -0.p2 0Jj07 -0
> 0.03 10 1.75 0.05 -0.06 0.05 -0.05 0J11 -011 -0.16 0.18 pP.04 10.09 -0.09 0.0p -0.9 0.¢3 -0.p5 0j02 -0
=i 20 1.54 0.06 -0.06 0.06 -0.p5 0J10 -010 -0Q.17 0.18 pP.06 10.0809 -0.08 0.1p -0.99 0.¢3 -0.p2 0J05 -0
40 1.31 0.04 -0.06 0.05 -0.p5 0J09 -009 -0.16 0.15 pP.03 0.0 -0.06 0.0 -0.07 0.¢3 -0.p3 0j07 -0
: 0.045 10 1.28 0.10 -0.09 0.09 -0.p7 0f0 -0l16 -0.16 .18 .05 l0.08d -0.1¢ 0.1B -0.10 0.05 -0.p5 0[03 -
u 20 1.18 0.09 -0.08 0.09 -0.p8 0J19 -014 -0.18 0.17 pP.05 10.05.27 -0.1¢ 0.1p -0.10 0.¢4 -0.p3 0J03 -0
40 1.03 0.08 -0.08 0.08 -0.07 0J15 -0/15 -0.16 0.16 P.05 10.04€9 -0.09 0.1p -0.9 0.¢3 -0.p5 0J05 -0
u 120 0.015 10 2.96 0.08 -0.083 0.03 -0.p2 0J06 -005 -0.19 0.20 P.04 10.007 -0.0% 0.0f -0.d6 0.¢3 -0.p2 004 -0
20 2.52 0.0p -0.02 0.02 -0.p3 0f4 -005 -0.15 0.19 .02 l0.004 -0.06 0.06 -0.5 0.02 -0.p2 0[04 -
q 40 1.88 0.01 -0.00 0.02 -0.p1 0J02 -002 -0.09 0.23 pP.01 10.00Z -0.02 0.0p -0.02 0.¢2 -0.p1 0J17 -0
0.03 10 2.26 0.05 -0.07 0.05 -0.06 0J12 -012 -0.18 0.18 pP.04 10.0€9 -0.08 0.0B -0.9 0.¢3 -0.p4 0j02 -0
¢ 20 1.98 0.05 -0.06 0.06 -0.p5 0J10 -0[10 -0Q.17 .17 pP.03 10.0909 -0.08 0.0B -0.907 0.¢3 -0.p4 0J05 -0
n 40 1.61 0.04 -0.04 0.03 -0.p4 0J07 -008 -0.14 0.17 pP.02 10.0D5 -0.0% 0.0p -0.d6 0.¢2 -0.p2 0j09 -0
0.045 10 1.67 0.09 -0.100 040 -0.p8 019 -0l17 -0.19 .17 p.o5 lo.o61 -0.12 0.1p -0.101 0.05 -0.p5 0[03 -
m 20 1.51 0.0 -0.09 0.09 -0.p8 0J17 -015 -0Q.17 .19 .05 ;0.0811 -0.11 0.1p -0.10 0.¢5 -0.p3 0J03 -0
40 1.30 0.0y -0.08 0.97 -0.p7 014 -014 -Q.16 0.17 pP.05 0.009 -0.08 0.0B -0.d8 0.¢5 -0.p4 0j06 -0
7))
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3. Approach for examining modéel sensitivity to changesin pesticide-related
parameters

The other two categories of input parameters ageiip to the pesticide and pesticide-
use scenario being evaluated. Toxicity threshaldes are determined from avian toxicity tests.
The pesticide-use scenario parameters such appiieation rate are specified on the pesticide
label, while the residue half-life parameter oftedetermined from registrant-submitted fate
studies. The range of application dates may napleeified on the label because applications
are tied to the conditions (i.e., weather, pestlEvin each region, but information about typical
application dates may be available from registranextension agents.

A specific pesticide-use scenario for a particpkesticide is defined by this suite of
parameters including toxicity threshold values,lapgtions dates(s) and rate(s), and residue half-
life estimates. Variation in any of the toxicityéshold values or pesticide-use scenario
parameters may or may not affect the MCnest outfggending on the specific scenario being
considered. For example, the timing of a pestiejgiglication relative to the timing of the
breeding season of a species is critically impar@athe magnitude of effect observed. In fact,
because there is virtually an infinite number aih@inations of toxicity threshold values and
pesticide application scenarios that could be dmmsd, it is very difficult to generalize how
variation in any particular parameter will affeketMCnest output. For example, increasing or
decreasing a toxicity threshold value by a speaifitount will significantly change the MCnest
output results under some pesticide applicationates (especially when the toxicity threshold
value is close to the estimated dietary exposuapplication), but have virtually no effect under
other scenarios (e.g., if a pesticide applicatimmses nest attempts to fail near the end of the
egg-laying window).

Because the response of the MCnest output parameterdependent on the unique
toxicity characteristics of each pesticide andlmgpecific pesticide application scenario for the
simulation (especially timing of the applicatioa)complete sensitivity analysis based on all
combinations of toxicity threshold values and prdé-use scenario parameters is not possible.
However, once a specific pesticide is identified #me toxicity thresholds and application
scenario parameters are determined, the modemesgrvant to examine variation in certain
parameters, especially the application date. Astioeed above, MCnest runs simulations with
each pesticide application occurring on a singte,daut within a geographic area the pesticide
may be used over a range of dates. To examindiffieeences in model response to pesticide
applications on different dates, it is suggested the model user run a series of simulations for
various possible application dates. This is sintpléo using the batch options and provides
considerable insight into the effect of applicationing on avian reproductive success.
Similarly, although a specific pesticide use mayeha proposed application rate, the model user
may want to examine how risk to reproductive susadmnges when changing the proposed
application rate. There may be additional reasdmga model user may want to examine
variation in the toxicity threshold values, apptioa dates, or the estimated residue half-life
values on a pesticide-by-pesticide basis, butvais not done as part of a formal sensitivity
analysis because of the difficulty of generalizivoyv variation in any particular pesticide
parameter will affect the MCnest output. Howeke, sensitivity of changes in two parameters
—residue half-life and application date—will be eekded in the remainder of this section to
illustrate how variable the response may be depegnain the values chosen for other parameters.
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The quality of information on the half-life of pestle residues on avian food types varies
among pesticides; i.e., some pesticides may haaafgpmeasured degradation rate data for
food types such as seeds or fruits while others ma&g no degradation data specifically on
avian foods. The Office of Pesticide Programs asesfault degradation half-life on food types
of 35 days based on the work by Willis and McDow887) that reported available foliar
residue half-lives for approximately 80 pesticidegh a maximum value of 36.9 days. They
reported an average half-life (+ standard deviatammnoss all formulations and extraction
methods for organochlorine, pyrethroid, organophosps, and carbamate insecticides was 5.0 +
46d,53+3.6d,3.0£2.7d, and 2.4 £ 2.0edpectively. Since the MCnest outputs can be
very sensitive to changes in the residue degradatidf-life, the default value may significantly
overestimate the magnitude of effects on reproduadfithe actual pesticide half-life on foods is
much shorter. When information on the half-lifere$idues on foods is uncertain, the model
user can examine the effects of changes in theadagon half-life on MCnest outputs to
understand the implication of input parameter d&las.

To evaluate the role of changes to the residuelif@ialue, a series of simulations was
conducted using a portion of the baseline profilesd above for evaluating life history
parameters. Twelve profiles were developed basddwr durations for the egg-laying period
(i.e., 30, 60, 90, and 120 days) and three comhilaglgl nest mortality ratesrg & ny) to
represent low (0.015%), medium (0.03 d), and high (0.0459 daily nest mortality rates. In
this series of simulations the waiting period aftedging (M) was held constant at 20 d. All
other life history input parameters were held canstor the 12 baseline simulations, including:
1) length of the rapid follicle growth period (5, &) mean clutch size (5 eggs), 3) duration of
incubation period (10 d), 4) duration of the negflrearing period (10 d), and 5) duration of the
waiting period after ecological failure (10 d). sAl all simulations used an egg-laying interval of
1 day and set incubation to start with the layihthe last egg.

Compared to the simulations above evaluating theitety of life-history parameters,
additional input parameters must be defined. Bsedlnese simulations focus on the effect of a
pesticide on estimated annual reproductive suctiessiming of the pesticide application
relative to the timing of the breeding seasoniiscat and the body weight and diet composition
information are needed to calculate the initialyddose. Consequently, in addition to defining
the duration of the egg-laying periob)(the dates fof; andT,st must be defined. All 12
baseline profiles used a midpoint dateTasf June 15, resulting in dates fbrandT,s;0f May
31-June 30, May 16-July 15, May 1-July 30, and Ap8+August 14 for the 30, 60, 90, and 120
d durations, respectively. The application daedusr all simulations was June 15—-midway
through the window for egg laying.

Also, all simulations were based on a 20 g insecti\i.e., 100% of diet for adults and
juveniles was invertebrates). Using an applicataig of 1 Ib/acre results in an initial daily dose
for adults of 107 mg/kg/d. The simulated pestici@es defined to primarily affect egg
hatchability viain ovoexposure, and the toxicity threshold used iniadugations was 10.7
mg/kg/d (i.e., equivalent to a risk quotient of .10)o examine the effect of changes in residue
half-life on the model results, each of the 12 baserofiles was run using the default 35-d
half-live as well as half-lives of 10 d and 3.5Alll simulations were run using 10 replicates of
1000 females for a total population size of 10,¥0ales.
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Simulation results indicate that the residue hé&dféstimate had little impact on seasonal
productivity for birds with short egg-laying duratis (i.e., 30 d), but at longer durations the
percent reduction in productivity is greater useng5s d half-life than one of 3.5 d (Figure 4).

For birds with the longest egg-laying duration.(iX20 d), the percent reduction is greater using
a 35 d half-life than for both 3.5 d and 10 da Hhodel user wanted to compare the effects of the
pesticide across a series of species defined bghttueacteristics of these 12 profiles, using a 35-
d residue half-life the conclusion would be that@ps with short egg-laying durations (i.e., 30

d) are at less risk than species with longer egompdpdurations (Figure 4). However, if the

actual residue half-life of the pesticide was 3.5heé conclusion would be that species with short
egg-laying durations are at greatest risk.

60%

W 35d
N 10d

13.5d
50%

40%

30%

20% -

) |I |I |I |I ] ]
0% -

0.015 0.03 0.045 0.015 0.03 0.045 0.015 0.03 0.045 0.015 0.03 0.045

Percentreductionin productivity

30d ‘ 30d ‘ 30d ‘ 60d 60d 60d 90d 90d 90d 120d 120d 120d

Figure 4. The effect of a single pesticide appiarabn June 15, using three estimates of its
residue half-life (i.e., 3.5, 10, and 35 d), on pleecent reduction in seasonal productivity for 12
species profiles based on three daily nest mortadies (i.e., 0.015, 0.03, and 0.04% dnd four
egg-laying durations (i.e., 30, 60, 90, and 12ith a midpoint date of June 15.

If the series of simulations in Figure 4 is repdatéth only a single change in the input
parameters—the application date is changed to Magstead of June 15—-the results change
significantly, primarily for profiles with shortexgg-laying durations. Species profiles with the
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shortest egg-laying periods (i.e., 30 d) experiendaally no impact if the residue half-life istse
at 3.5 d, but a 100% reduction in productivity whiea half-life is set at 35 d. With a May 15
application date, the pesticide residues would hieaoeeased below the toxicity threshold by
May 31 (i.e., the first day of egg laying for thefiles with 30-d egg-laying durations) if the
residue half-life was 3.5 d, but would have remdiabout the toxicity threshold throughout the
egg-laying period if the half-life was set at 35 d.

100% -

sox aon
20% | 03.5d
70% -

60% -

50% -

40% -

30% -

20% -

10% -

0% -

0.03

0.015 0.045 | 0.015 ‘ 0.03 ‘ 0.045 ‘ 0.015 ‘ 0.03 ‘ 0.045 ‘ 0.015 ‘ 0.03 ‘ 0.045

Percentreduction in productivity

30d ‘ 30d ‘ 30d ‘ 60d ‘ 60d ‘ 60d ‘ 90d ‘ 90d ‘ 90d ‘ 120d ‘ 120d ‘ 120d

Figure 5. The effect of a single pesticide appiaabn May 15, using three estimates of its
residue half-life (i.e., 3.5, 10, and 35 d), on pleecent reduction in seasonal productivity for 12
species profiles based on three daily nest mortadies (i.e., 0.015, 0.03, and 0.04% dnd four
egg-laying durations (i.e., 30, 60, 90, and 12ith a midpoint date of June 15.

When information on a pesticide’s residue half-bfeavian foods is lacking or
inadequate, the model user may need to use a satigerassumption about the half-life value,
such as OPP’s default of 35 d. However, thesesevies of simulations illustrate that for some
species and pesticide-use scenarios the seledtammestimate for the residue half-life has little
or no influence on the results for that species firuother species or scenarios the selection of a
half-life can significantly affect not only the aidgte magnitude of the estimated effect, but the
relative response among species. Model userségheuhware of this potential outcome when
interpreting model results.

The above series of simulations also illustratesimportance of the timing of the
pesticide application relative to the time of ageg’ breeding season. As mentioned above,
although each pesticide application in MCnest satioihs occurs on a single date, pesticide
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applications in a certain geographical region meguo over a range of possible dates depending
on factors such as the status of the crop andtipegulation levels. Since the model response
can vary among application dates, the model usamgsuraged to examine pesticide effects on
seasonal productivity over a range of possibleiegibn dates. If the model user has
information on the distribution of application datéhe cumulative response could be estimated
as the weighted average of responses from a sdragplication dates.

To examine the reproductive response to changagghcation dates, a series of model
simulations was conducted using four profiles basetbur durations for the egg-laying period
(i.e., 30, 60, 90, and 120 d). In this seriesimigations, the waiting period after fledging#j
was held constant at 20 d and the daily nest nityrtate was held constant at 0.0% dAll other
life-history input parameters were held constantlie 4 baseline simulations, including: 1)
length of the rapid follicle growth period (5 d), iRean clutch size (5 eggs), 3) duration of
incubation period (10 d), 4) duration of the negtlrearing period (10 d), and 5) duration of the
waiting period after ecological failure (10 d). sal all simulations used an egg-laying interval of
1 day and set incubation to start with the layihthe last egg.

The dates foll; andT,s: remain the same as in the previous simulatioas, May 31-
June 30, May 16-July 15, May 1-July 30, and Ap@iAugust 14 for the 30, 60, 60, and 120d
durations, respectively. The application datesuoed on March 1 or on dates at 15-d intervals
thereafter through the growing season.

Like above, all simulations were based on a 20sgdtivore. Using an application rate of
1 Ib/acre results in an initial daily dose for adwf 107 mg/kg/d. The simulated pesticide was
defined to primarily affect egg hatchability vimovoexposure, and the toxicity threshold used
in all simulations was 10.7 mg/kg/d. In this serté simulation the pesticide residue half-life
was set at 10 d. All simulations were run usingéjtlicates of 1000 females for a total
population size of 10,000 females.

Simulation results indicate that depending onapglication date, the effect on seasonal
productivity can range from no impact (i.e., 0%uettbn) to complete failure (i.e., 100%
reduction). The greatest impacts are observeddecies with short breeding seasons (i.e., 30 d)
where the pesticide is applied just prior to theatrof egg laying, but applications before and
after egg laying had little impact. For long briegdseasons the magnitude of effect was lower
(i.e.,< 33%), but effects in the range of 20 to 30% wdrgeoved following applications ranging
over a four-month period. Consequently, deternginire species at greatest risk is dependent on
the application date or range of dates used isithalations.
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Figure 6. The effect of a single pesticide appiaabn each of a series of application dates on
the percent reduction in seasonal productivityf@apecies profiles based on 4 egg-laying
durations (i.e., 30, 60, 90, and 120 d) with a roidpdate of June 15.

K. Example of how MCnest could beused in atiered risk assessment process

Throughout the Technical Manual we have identifiedertainties that exist in the
toxicity data and knowledge of species life histangl have discussed how uncertainties in
ecological risk assessments are often addressethkiyg conservative assumptions about
parameter values. This is consistent with a tieiddassessment process that starts with a
simple screening level based on conservative, woas¢ assumptions about exposure and
toxicity values. If the screening level assessnmatitates that unacceptable adverse effects are
possible, higher tier assessments are performedefiae these assumptions with more realistic
values when acceptable data are available whigéniaty conservative values where
uncertainties remain that cannot be resolved dlectoof information. The use of conservative
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assumptions at any tier in the risk assessmenepsas intended to avoid wrongly concluding
that there is no unacceptable risk when, in fhetrd is.

MCnest can be used in a tiered risk assessmemptore the change in model outcomes
as input parameters are refined from conservagautt values to values more reflective of field
conditions. While it is possible to use MCnesaatreening tool, it is more informative when
used in higher tier assessments with the bestadaiitable for the input parameters, especially
when the risk management questions involve comgdhie magnitude of effects among species
or among application dates. This section presamexample of how MCnest might be used in a
tiered process using a hypothetical pesticideghatarily affects the hatchability of eggs and its
effects on American robins.

Based on the default species profile, robins begimg eggs on April 12 and the first
egg in the last nest of the season is laid on J2lyRobins weigh approximately 77 g and during
the breeding season consume approximately 72%tebrates and 28% fruit. Without
pesticides, MCnest estimates that robins make arage of 4.1 nest attempts per female and
produce 2.02 successful broods per female perfgean overall nest success rate of 49%. The
mean number of fledglings per successful nest8issd. the annual reproductive success for
robins is 5.7 fledglings per female per year withpesticide exposure.

In this example, we assume the pesticide is appliddpound active ingredient per acre
and that the typical date of application is May Based on the avian reproduction test, we
assume that the most sensitive endpoint is theoptiop of hatchlings per viable eggs and that
the NOAEL, when transformed from a dietary concatidn to a daily dose, is 10 mg/kg body
wt/day. Initially, the model uses the default 36alf-life for residue degradation and uses the
maximum nomogram values for calculating initialldalose. Under this scenario, an
application on May 15 would not affect the firsshattempt of robins, but would cause all
subsequent nest attempts during the breeding séasaih(Figure 7), resulting in 0.71
successful broods per female (i.e., a 65% reduatigmoductivity).
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Figure 7. Phase diagrams for American robins Ahaut pesticide exposure and B) with
exposure to a pesticide application on May 15 agsgimaximum nomogram residue values for
diet and a 35-d half-life for residue degradation.

It is unlikely that all of the females in a poplita would be exposed to diets with the
maximum nomogram residue concentrations. If werréine simulation using a lognormal
distribution of initial residue concentrations baslee mean and standard deviation for residues
on each food type in the diet, the robin populaporduces a mean of 1.29 successful broods per
female per year (i.e., 36% reduction in producgicibmpared to control). Again, the pesticide
application does not affect the first nest atte(Rimjure 8), but in subsequent nest attempts only
those females randomly assigned to the higher coratens from the lognormal distribution
experience lost nest attempts.
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Figure 8. Phase diagram for American robins withasxire to a pesticide application on May 15
assuming a lognormal distribution of initial resedwalues for diet and a 35-d half-life for residue
degradation.

If additional information was available that demirated that this pesticide’s residue
half-life was 7 d, instead of the default 35 d, thrun simulation indicates that the robin
population produces 1.77 successful broods perléeps year (i.e., 12% reduction in
productivity from control). With the shorter reg& half-life, the period of time where exposure
doses exceed the toxicity thresholds is greatlyeed, resulting in fewer nest failures near the
end of the breeding season (Figure 9).
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Figure 9. Phase diagram for American robins withosxre to a pesticide application on May 15
assuming a lognormal distribution of initial resedwalues for diet and a 7-d half-life for residue
degradation.
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Although May 15 was identified as the typical dteapplication of this pesticide, we
may have information that it could be applied ametin May. For simplicity if we assume that
there is an equal probability that the pesticidapplied on each day in May, we can use the
batch function in MCnest to rerun the simulationtfte 31 days in May and average the results
to get an estimate of the overall effect for thpleation of this pesticide during a typical season
If empirical data exist, any other distributionagplication days could be assumed in deriving an
overall estimate. Taking the mean of simulatiomsrahe month of May indicates the robin
population produces 1.81 successful broods perléeps year (i.e., a 10% reduction in
productivity compared to control), which is onlygéitly different than the response on May 15
because there was relatively little change in respaver this one-month period (Figure 10).
However, the timing of pesticide applications, ésample May 1 vs May 31, produced failures
of nest attempts at different portions of the binregdeason (Figure 11).
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Figure 10. The percent reduction in number of ss&fte broods per female per year for a single
application if it occurred on a specific day in May
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Figure 11. Phase diagrams for American robins exjhosure to a pesticide application on May
1 or May 31 assuming a lognormal distribution dfi@h residue values for diet and a 7-d half-
life for residue degradation.

We can run this same series of pesticide-use sosnaith dickcissels that typically
produce only one brood per year. Based on thaulleflpecies profile, dickcissels begin laying
eggs on May 24 and the first egg in the last nesteoseason is laid on July 21. Dickcissels
weigh approximately 25 g and during the breediragsa consume approximately 70%
invertebrates and 30% seeds. Without pesticid€nédt estimates that dickcissels make an
average of 2.8 nest attempts per female and prdal6@esuccessful broods per female per year
for an overall nest success rate of 22%. The mearber of fledglings per successful nest is
2.9, so the annual reproductive success for disktsss 1.8 fledglings per female per year
without pesticide exposure.

Again, we assume the pesticide is applied at 1 gp@ative ingredient per acre and that
the typical date of application is May 15. Basedlwe avian reproduction test, we assume that
the most sensitive endpoint is the proportion a€hiengs per viable eggs and that the NOAEL,
when transformed from a dietary concentration ¢iaidy dose, is 10 mg/kg body wt/day.

Initially, the model uses the default 35-d halelibr residue degradation and uses the maximum
nomogram values for calculating initial daily dodénder this scenario, an application on May
15 would result in the failure of all nest attempidil the very end of the breeding season
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(Figure 12), resulting in 0.02 successful broodsfemale (i.e., a 97% reduction in productivity
compared to control).
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Figure 12. Phase diagrams for dickcissels A) withpmsticide exposure and B) with exposure to
a pesticide application on May 15 assuming maximmemogram residue values for diet and a
35-d half-life for residue degradation.

If we rerun the simulation using a lognormal disition of initial residue concentrations
based the mean and standard deviation for resmuesach food type in the diet, the dickcissel
population produces a mean of 0.32 successful Brpedfemale per year (i.e., a 48% reduction
in productivity compared to control). Under theerario, the pesticide application does affect a
portion of the nest attempts throughout the bregdeason (Figure 13), but a portion of the nest
attempts by females randomly assigned to the l@aecentrations from the lognormal
distribution are successful.
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Figure 13. Phase diagram for dickcissels with eMpo$o a pesticide application on May 15
assuming a lognormal distribution of initial resedvalues for diet and a 35-d half-life for residue
degradation.

Again, if additional information is used to decredise pesticide’s residue half-life to 7 d,
the rerun simulation indicates that the dickcigggdulation produces 0.54 successful broods per
female per year (i.e., 13% reduction in producggifiiom control). With the shorter residue half-
life, the period of time where exposure doses eXtke toxicity thresholds is greatly reduced,
resulting in fewer nest failures near the end eflireeding season (Figure 14).
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Figure 14. Phase diagram for dickcissels with expo$o a pesticide application on May 15
assuming a lognormal distribution of initial resedwalues for diet and a 7-d half-life for residue
degradation.

Again, if we assume that the pesticide could h@ieg anytime in May and that there is
an equal probability that the pesticide is appbaceach day in May, the batch function can be
used to run a series of simulations resulting mmean of 0.54 successful broods per female per
year (i.e., a 13% reduction in productivity comghte control). While this is the same overall
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result as was observed on May 15, there was cenadite change in the response over time
during the month (Figure 15), ranging from a 5%uribn or less at the beginning of the month
to 24% reduction on May 24, before dropping agaithe end of the month.
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Figure 15. The percent reduction in number of ssfte broods per female per year for a single
application if it occurred on a specific day in May

These examples illustrate some ways that MCnedtl tiuused in a tiered risk
assessment process to refine the description afsk@osed by a specific pesticide-use scenario.
They also illustrate the degree to which refinenwnhput parameters can change the outcome
of the model and help identify where additionaladaiay provide the greatest improvement in
model performance. The model user is free to ddé@ianal data from specific locations or from
other sources of information of pesticide toxi@tyuse characteristics to refine to refine the
model inputs further. Also, as mentioned abovesaech continues on alternative methods for
defining avian breeding seasons or improving thosure profile that will offer users more
options for refining the risk description in futurersions of MCnest.
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Appendix A. Estimating thelength of therapid follicle growth (RFG) period

Estimating the length of the RFG period for eackcsgs is important because it is used
in defining the exposure period for comparing with surrogate endpoints for hatchability and
nestling survival based an ovoexposure. The time-weighted average for expoduriag the
RFG period for each egg is used as the exposursureem these decision points. Because the
Basic Version of MCnest focuses on exposures tbairaduring rapid follicle growth, it is best
suited for rapidly metabolized chemicals where d&pmm to egg yolks is primarily from
recently consumed foods. It may not be well suitedioaccumulative chemicals where the
chemical deposition to the egg comes primarily fitssue residue stores accumulated over a
longer period of time.

As mentioned above, since birds lay one egg ahe, tihe ovarian follicles that develop
into egg yolks start growing on a staggered scleednbut 1 d apart or longer. Each follicle
grows over a several day period, known as the R&@q. During the RFG period yolk
material in deposited to the growing follicle untiteaches the size of a fully formed yolk just
prior to ovulation. The rate of follicle growth approximately sigmoidal, and the energy
requirement for each developing follicle over tiapproximates a bell-shaped curve (King
1973). After ovulation, the yolky follicle entettse oviduct for about 1 d where albumin is
deposited and the eggshell is formed. In manyispébere is an overlap in the RFG and
eggshell formation (EF) periods where eggs aregokaiidl at the same time that follicles of
subsequent eggs are growing (Figure Al).

Species vary in the reported length of their RFGoge(Table Al). Alisauskas and
Ankney (1992) show that the duration of the RFAqukrs related to the egg mass. The general
relationship for all birds between RFG (days) agg mass (E), measured in grams, is:

RFG = 2.852*F3!(’=0.62).

Follicle growth rates for waterfowl are faster tela to egg mass, so the waterfowl-specific
relationship is:

RFG = 1.273*F*3(r’=0.71).
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Figure A1l. Example of the rapid follicle growthR&) and eggshell formation (EF) periods for
‘ a clutch of five eggs (adapted from an illustratiotiaywood 1993)
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Table Al. Estimated duration of rapid follicle gith (RFG) period for avian species.

RFG
period
Order Species (days) | References
Anseriformes | Mute swan Cygnus oloy 12 Alisauskas & Ankney 1992
Giant Canada goos8ianta canadensis maxima 13 Alisauskas & Ankney 1992
Cackling gooseRranta canadensis minima 12 Alisauskas & Ankney 1992
Domestic duck 6-7 King 1973
Mallard (Anas platyrhychQgs 6 Alisauskas & Ankney 1992
Northern pintail Anas acutq 4.2 Esler 1994
American wigeonAnas americanpa 5.1 Esler 1994
Northern shovelerAnas clypeath 5 Alisauskas & Ankney 1992
Wood duck Aix sponsi 7 Drobney 1980
CanvasbackAythya valisinerig 7 Barzen & Serie 1990
RedheadAythya americang 7 Alisauskas & Ankney 1992
Lesser scaupAythya affini$ 6 Alisauskas & Ankney 1992
Lesser scaupAythya affini$ 5 Esler 1994
Greater scaupAythya marilg 5.2 Gorman et al. 2007
Ring-necked duckAythya collari 6 Alisauskas & Ankney 1992
Common goldeneyeBlicephala clangula 8 Alisauskas & Ankney 1992
Common eider§omateria mollissima dressgri 6 Alisauskas & Ankney 1992
White-winged scote{elanitta fusca 6 Alisauskas & Ankney 1992
Ruddy duck Oxyura jamaicens)s 5-6 Alisauskas & Ankney 1994
Common merganseMgergus mergansgr 9 Alisauskas & Ankney 1992
Falconiformes | Eurasian kestrel§@lco tinnunculup 7 Meijer et al. 1989
Galliformes Domestic chicken 7-8 King 1973
Chukar Alectoris graeci ~6 King 1973
California quail Lophortyx californicup 6-7 King 1973
Japanese quaiCpturnix coturniy 5 Sonoda et al. 1996
Gruiformes American cootsKulica american 7 Alisauskas & Ankney 1985
Charadriiformes| Bar-tailed godwit imosa lapponici 8-12 | Roudybush et al. 1979
Ruddy turnstoneArenaria interpre$ 5-6 Roudybush et al. 1979
Western sandpipeC@lidris maur) 5-8 Roudybush et al. 1979
Red phalaropeRhalaropus fulicariuy 4-5 Roudybush et al. 1979
Northern phalaropePhalaropus lobatus 6-7 Roudybush et al. 1979
Herring gull Carus argentatus 9-10 King 1973
Herring gull Carus argentatus 11-13 | Roudybush et al. 1979
Glaucous gulll(arus hyperboreys 12 Roudybush et al. 1979
Great black-backed gulLéarus marinu} 13 Roudybush et al. 1979
Glaucous-winged gulll@rus glaucescens 12 Roudybush et al. 1979
Western gull llarus occidentalis 10-11 | Roudybush et al. 1979
Ring-billed gull {arus delawarens)s 12 Roudybush et al. 1979
Mew gull (Larus canu} 5-8 Roudybush et al. 1979
Black-legged kittiwakeRissa tridactyla 9 Roudybush et al. 1979
Sabine's gullXema sabini 7-8 Roudybush et al. 1979
Arctic tern Sterna paradisada 6 Roudybush et al. 1979
Common murreria aalge) 12-18 | Roudybush et al. 1979
Black guillemot Cepphus grylle 8 Roudybush et al. 1979
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Pigeon guillemotCepphus columba 10 Roudybush et al. 1979

Cassin's aukleRtychoramphus aleuticys 8 Roudybush et al. 1979

Tufted puffin Cunda cirrhatg 12-13 | Roudybush et al. 1979
Columbiformes | Domestic pigeon 5-8 King 1973

Ring dove Streptopelia sp 5-7 King 1973
Passeriformes | Jackdaw Corvus monedula ~5 King 1973

Starling Sturnus vulgaris 3 Ricklefs 1976

Great tit Parus majoy 3-4 King 1973

Hermit warbler Dendroica occidental)s 3 Pearson & Rohwer 1998

Townsend's warbleDendroica townsenjli 3 Pearson & Rohwer 1998

House sparrowHasser domesticlis 4 Krementz & Ankney 1986

Eastern meadowlariSturnella magnp 4 Pearson & Rohwer 1998

Western meadowlarlSfurnella neglecta 4 Pearson & Rohwer 1998

Tricolored blackbird Agelaius tricolo) 3-4 King 1973

Brown-headed cowbirdMolothrus ate) ~3 Scott 1978

White-crowned sparrowZpnotrichia leucophrys ~4 King 1973

Song sparrowNlelospiza melodia ~4 King 1973

Zebra finch Taeniopygia guttata 4 Haywood 1993

Alisauskas, R. T., and C. D. Ankney. 1992. The obsigg laying and its relationship to nutrientae®s in
waterfowl. Pp. 30-61 irEcology and Management of Breeding Waterf¢®ID. J. Batt, A. D. Afton, M.
G. Anderson, C. D. Ankney, D. H. Johnson, J. A. lKkadand G. L. Krapu, eds.),. University of Mino&s
Press, Minneapolis. MN.

Alisauskas, R. T., and C. D. Ankney. 1994. Costsrates of egg formation in ruddy duck®ndor96: 11-18.

Alisauskas, R. T., and C. D. Ankney. 1985. Nutriezserves and the energetics of reproduction inrfoae
coots. The Auk102:133-44.

Barzen, J. A., and J. R. Serie. 1990. Nutriergmasdynamics of breeding canvasbadikse Aukl07: 75-85.

Drobney, R. D. 1980. Reproduction bioenergetica@bd ducksThe Auk 97: 480-490.

Esler, D. 1994. Dynamics of ovarian follicles irebding duckswilson Bulletin106: 679-88.

Haywood, S. 1993. Sensory control of clutch sizthnzebra finchTaeniopygia guttate The Auk110: 778-86.

Gorman, K. B., P. L. Flint, D. Esler, and T. D. Wiims. 2007. Ovarian follicle dynamics of femgheater
scaup during egg productiodournal of Field Ornithology8:64-73.

King, J. R. 1973. Energetics of reproduction irdbirBreeding Biology of Bird€?p. 78-107. Washington, DC:
National Academy of Sciences.
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184-87.
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Appendix B. Bar graphsrepresenting sensitivity analysis of life history parameters

For each of the 27 baseline scenarios, a bar gsgmiesented to help visualize how
increasing or decreasing each life history paranimst&0% affects the MCnest output (as
summarized in Table 6). The MCnest output is regored on the x-axis of each graph and is
expressed as the proportional change in the nuoflserccessful broods per female relative to
the baseline scenario (i.e., (modified—baselinsghae). The blue bar represents the
proportional change in broods due to a 20% increatee specific parameter value, while the
red bar represents a 20% reduction in parametaeval

At the top of each figure is the identifier for dzaseline scenario, suchas 60,m; =

m, = 0.015W = 10, which indicates that for this particular Hasesimulation the length of the
breeding seaso) was set at 60 d, the daily nest mortality ratesngd) egg laying, incubation,
and nestling rearingrq andmy,) was 0.015 d, and the waiting period after nest succ&¥s (as
10 d. All other input parameters were held cordianthe 27 baseline simulations, including:
1) length of the rapid follicle growth periodd; 5 d), 2) mean clutch sizel(tch 5 eggs), 3)
duration of incubation period;(10 d), 4) duration of the nestling rearing perfidi 10 d), and 5)
duration of the waiting period after ecologicaldae (\; 10 d). Also, all simulations used an
egg-laying interval€li) of 1 d and set incubation to start with the lgyof the last egg.
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T=90,m, =m, = 0.015W = 10

ml

baseline

-0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25

T =90,m, = mp = 0.015\W = 20

Wi
We

|

clutch

T

mlé& m2
m2

ml

baseline

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

T=90,m =m,=0.015W;= 40

Wi [

We

N

I

clutch

T ]

mlé& m2
m2

ml
baseline

-0.15 -0.1 -0.05 0 0.05 0.1 0.15
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T=90,m =m, =0.03,W=10

ml

baseline

-0.2 -0.15 -0.1

T =90,m; = m, = 0.03,W; = 20

-0.05

o

0.05

0.1

0.15

0.2

ml

baseline

-0.2 -0.15 -0.1

T = 90,m, =m, = 0.03,W= 40

-0.05

0.05

0.1

0.15

0.2

clutch
T

ml& m2 L

m2
m1l
baseline

-0.2 -0.15 -0.1

-0.05

0.05

0.1

0.15

0.2
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T=90,m =m, =0.045W;= 10

clutch
T
ml & m2

m2

ml

baseline

-0.25 -0.2 -0.15 -0.1 -0.05 0.05 0.1 0.15 0.2

o

T=90,m; =m, = 0.045 W = 20

0.25

Wi

ml

baseline

-0.2 -0.15 -0.1 -0.05 0.05 0.1 0.15

o

T=90,m =mp, =0.045W;= 40

0.2

clutch

T

mlé& m2
m2

m1l

baseline

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15

0.2
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T=120,m =mp = 0.015W= 10

clutch

T ]

ml & m2
m2

ml
baseline

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

T=120,m =mp = 0.015W = 20

clutch

T ]

mlé& m2
m2

ml
baseline

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

T=120,m =m, = 0.015W= 40

clutch

T ]

ml& m2
m2

ml

baseline

b=
<
L
=
=
O
o
(@]
98
=
—
-
O
(1 4
<
<
Q.
w
2
=

-0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25
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T=120,m =m, = 0.03W= 10

clutch
T
ml & m2

m2

ml

baseline

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

T=120,m =m, =0.03,W= 20

baseline

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

T=120,m =mp, = 0.03,W= 40

Wi

We

N =

I

clutch

T ]

mlé& m2 [
m2

ml
baseline

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2
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T=120,m = mp = 0.045W = 10

ml

baseline

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15

T=120,m; =y, = 0.045W; = 20

0.2

clutch

T

mlé& m2
m2

ml

baseline

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15

T =120,m =m, = 0.045W = 40

0.2

m1l

baseline

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15

0.2
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