Additional Documentation Attachment to Comment 2-F1
Attachment I-3

CAMPO VERDE SOLAR ENERGY PROJECT

MORTALITY REPORTING FORM

/ & -1
DATE: &f12/h 2 TIME: [4 27 OBSERVER: (cn., (Fiswmci

PROXIMAL TO PROJECT COMPONENT: Gew-716 Eowl

CARCASS POSITION

GPS COORDINATES (UTM NAD&3) 118 East: 003 326 ¢ North: _Jt 129 9
BEARING (degrees) to PROJECT COMPONENT: _ J#h + Mgl
DISTANCE (meters) to PROJECT COMPONENT: ' oW

CARCASS DES'I_:RIFTT"]N

SPECIRS: . LiVeatsww Fokiace Lailal L-;;
SEX (circle): M F (U)  AGE(circle): A 1(U)  Tag/Band Number:
CONDITION (circle): {1@ scavenged dismembered feather spot  imjured
ESTIMATED TIME SINCE DEATH/INJURY (no. of days): @'l 2345677
CAUSE OF DEATH: :
_Cleigg Tourl CEuidinme

OBSERVABLE INJURIES:

'8 - \ v
F AR p e 3T w1 Y Foiie b

SUBSTRATE/GROUND COVER. (af carcass location): aS Fie

DISPOSITION OF CARCASS' (circle): left in place ﬁngf collected for trials  collected for
other; o
SHIPPED TO:
[name of institution]
[physical address]
[phone/email ]

WEATHER CONDITIONS

AIR TEMPERATURE (degrees Fahrenheit): | C

PRECIPITATON (last 24 hours, circle): @ light rain rain heavyrain hail snow
CLOUD COVER (circle): @5 mostly ¢lear  partly cloudy mostly cloudy  cloudy

AR056974



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

WIND DIRECTION: [-este@y SPEED (mph, circle): U-lf‘j_ 2 10-20  20-30 30+ pusty

NOTES (describe noteworthy weather conditions since last search, including high wind, fog,
precipitation, and storm events):

Close Up: Photo ] (J5!2 Photo2 () * e
Landscape: Photo 33 pa  Photod4 O Tib
PHOTO NOTES:

(R _(AmepA—

NOTIFICATION":

DATE: Uw !i TIME: /4 27

NAME: {21 (orped  AGENCY/ASSOCIATION: € ¢ re &
NOTES:

| Permit required to handle bird carcasses.

2 At least four photographs should be taken. Two should be close-in shots of the carcass and should
be taken from af least two difTerent angles. Two should be shots taken farther away showing the
landscape (project components, surrounding habitat, etc.) and should be taken from at least two
different angles).

3 Indicate who was notified of the event, date, time. etc.

AR056975



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

0309

AR056976



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

0310

AR056977



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

0312

AR056978



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

0314

ARO056979



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

CAMPO VERDE SOLAR ENERGY PROJECT
MORTALITY REPORTING FORM

DATE 4-06~15  TIME: p10 OBSERVER: Willaw: Verm V?ad’
PROXIMAL TO PROJECT COMPONENT: ) }¢ 5

CARCASS POSITION

GPS COORDINATES (UTM NADS3) 11S East: 042217 North: 3424207
BEARING (degrees) to PROJECT COMPONENT:
DISTANCE (meters) to PROJECT COMPONENT: 2. |

CARCASS DESCRIPTION

SPECIES: .Califoyvia hvf)r\ﬁw e me‘g;‘:‘s’r:{__ JAMES gﬁu b Califorviae |
SEX (circle): M F g \AGE(circIe): A @ u Tag/Band Number: _\ /4.,
CONDITION (circle): @ scavenged  dismembered  feather spot injured
ESTIMATED TIME SINCE DEATH/INJURY (no. of days): <0 1 2 3 4 56 7 7

QA USE OF QEATH?
Sgu 1.2 het ‘(;}.f ATV

OBSERVABLE INJURIES:
e

SUBSTRATE/GROUND COVER (at carcass location):_bev¢ gL

DISPOSITION OF CARCASS' (circle): left in place removed " collected for trials collected for
other:

SHIPPED TO:

[name of institution]
[physical address]
[phone/email]

WEATHER CONDITIONS

AIR TEMPERATURE (degrees Fahrenheit): 94

PRECIPITATON (Iast 24 hours, circle): @ lightrain rain heavy rain hal snow
CLOUD COVER (circle): mostly clear partly cloudy mostly cloudy cloudy

AR056980




Additional Documentation Attachment to Comment 2-F1
Attachment I-3

WIND DIRECTION: Nw SPEED (mph, circle): @E 10-20 20-30 30+ gusty

NOTES (describe noteworthy weather conditions since last search, including high wind, fog,
precipitation, and storm events):

PHOTOGRAPHS?
CloseUp: Photo1_436  Photo2 G4/

Landscape: Photo3 252  Photo4 224
PHOTO NOTES:

NOTIFICATION®
DATE:9=4-1% TIME: 2430
— 4

NAME: Yat  Coldew AGENGY/ASSOCIATION: v /teacic [inarovmncntel orssialfeg

NOTES:

' Permit required to handle bird carcasses.

# At least four photographs should be taken. Two should be close-in shots of the carcass and should
be taken from at least two different angles. Two should be shots taken farther away showing the
landscape (project components, surrounding habitat, etc.) and should be taken from at least two
different angles).

® Indicate who was notified of the event, date, time, elc,

AR056981




Additional Documentation Attachment to Comment 2-F1
Attachment I-3

(Picture 430)

(Picture 946)

(Picture 252)

AR056982



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

(Picture 226)

AR056983



A~ 2
Additional Documentation Attachment to Comment 2-F1
Attachment I-3

CAMPO VERDE SOLAR ENERGY PROJECT
MORTALITY REPORTING FORM
DATE: 9-¢-13 TIME: 0920 OBSERVER: _ S M)
PROXIMAL TO PROJECT COMPONENT: pgicd 4o Sups by branlen
CARCASS POSITION

GPS COORDINATES (UTM NADS3) 118 East:_)(0 20 724 North: 3 o © Y3
BEARING (degrees) to PROJECT COMPONENT:  Z2.770°
DISTANCE (meters) to PROJECT COMPONENT: D

CARCASS DESCRIPTION

SPECIES: _thmm._mm&.jgﬁ;

SEX (circle): M F @ AGE (circle): @ ] U Tag/Band Number:
CONDITION (circle): @ scavenged dismembered featherspot injured
ESTIMATED TIME SINCE DEATH/INJURY (no. of days): @ 12 345 6 7 7+
CAUSE OF DEATH:

_M_AQ_LMW'V\ =

OBSERVABLE INJURIES:

SUBSTRATE/GROUND COVER (at carcass racarmnj;_jl_ﬁ&w T

DISPOSITION OF CARCASS' (circle): left in place collected for trials  collected for

other:
SHIPPED TO:

[name of institution|

[physical address]

[phonefemail]

WEATHER CONDITIONS
AIR TEMPERATURE (degrees Fahrenheit): _ %Y

PRECIPITATON (last 24 hours, circle): light rain rain heavy rain  hail snow
CLOUD COVER (circle): @ mostly clear partly cloudy mostly cloudy cloudy

AR056984



f
WIND DIRECTION: "~/4A  SPEED (mph, circle):( 10-20  20-30  3ttachiient I-3

MOTES (describe noteworthy weather conditions since last search, including high wind, fog,
precipitation, and storm events):

Additional Docume ;on Attachment to Comment 2-F1

PHOTOGRAPHS:

Close Up: Photo 1 & 50l Photo2 By- 300

Landscape: Photo 3 %5364 Photo4 5~ 309

PHOTO NOTES:
B-320% = ﬁm:m.-q wead derwanda F-ern ‘Lrﬁaél-f
B-Z0 i ;MJ“’“’E NE ilswandg m""m dva,lers

NOTIFICATION®:
DATE: 9-157% TIME: [9p0
NAME: fod Goldoa. AGENCY/ASSOCIATION: Hen i Jn:u, o Uy % )

NOTES:

fwMuﬂ Pb? rE,aPa-r'* “.LD l’\.l..fl/‘-"\ a_j' -’%OO

' Permit required to handle bird carcasses.

% At least four photographs should be taken. Two should be close-in shots of the carcass and should
be taken from at least two different angles. Two should be shots taken farther away showing the
landscape (projéct components, surrounding habitat, etc.) and should be taken from at least two
different angles).

* Indicate who was notified of the event, date, time, etc.

AR056985



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

B-306
SPENCER ™
MORRISON U
oo ot
B-307

AR056986



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

B-308

B-309

AR056987



Additional Documentation Attachment to Comment 2-F1
Attachment [-3

CAMPO VERDE SOLAR ENERGY PROJECT
MORTALITY REPORTING FORM

DATE: "{lloll‘b TIME: (0415 OBSERVER: S

PROXIMAL TO PROJECT COMPONENT: Gen - B2

CARCASS POSITION

GPS COORDINATES (UTM NADS3) 118 East: LZ0% (M) North: BT | 4O
BEARING (degrees) to PROJECT COMPONENT: 4 |a
DISTANCE (meters) to PROJECT COMPONENT: _D

CARCASS DESCRIPTION
SPECIES: ‘{)eew\ \qm..-«
SEX (circle): M F @ AGE (cireley: @& J U Tag/Band Number: » \&

CONDITION (circle): intact scavenged dismembered feather spot

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): >1 1.2 3 4 5.6 .7: 7+@
CAUSE OF DEATH: . . - -

\A\C\ il
Wy
. M £ i f v T ~ o
OBSERVABLE INJURIES:
= i (o Jﬂ i s it \
b,
ey

SUBSTRATE/GROUND COVER (af carcass location):_ga k(B

DISPOSITION OF CARCASS' (circle) left in place~ removed  collected for trials  collected for
(Loeed Qo goud
7

other:

SHIPPED TO:
[name of institution] V\,\\ﬁ\

[physical address]

[phone/email]

WEATHER CONDITIONS

AIR TEMPERATURE (degrees Fahrenheit): \q &g

PRECIPITATON (last 24 hours, circle): @ light rain  rain heavy rain hail snow
CLOUD COVER (circle): mostly clear partly cloudy mostly cloudy cloudy

AR056988



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

WIND DIRECTION: {UW SPEED (mph, circle): 10-20 20-30 30+ gusty
NOTES (describe noteworthy weather conditions since last search, including high wind, fog,
precipitation, and storm events):

PHOTOGRAPHS:
Close Up:  Photo 1 6% gat}- Photo 2 gjod@

Landscape: Photo 3 gad% Photo 4 §X 065D
PHOTO NOTES: &

-

NOTIFICATION?:
bATE:‘jhoh} TIME: 16:1.0
NAME: K1aa Nerzde AGENCY/ASSOCIATION: BLM

NOTES:

MH Ur/\ '(ZN‘ K. nf‘\\'\‘&)(u %

! Permit required to handle bird carcasses. A 1NV WM

2 At least four photographs should be taken. Two should be close-in shots of the carcass and should
be taken from at least two different angles. Two should be shots taken farther away showing the
landscape (project components, surrounding habitat, etc.) and should be taken from at least two
different angles).

3 Indicate who was notified of the event, date, time, etc.

AR056989




Additional Documentation Attachment to Comment 2-F1
Attachment I-3

Photo 2 — File Error

AR056990



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

Photo 3

Photo 4

AR056991



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

CAMPO VERDE SOLAR ENERGY PROJECT
MORTALITY REPORTING FORM
!

e Fil - dET
DATE: Y4/l 1= TIME: |32 OBSERVER: [cwpl  [Eranct el

| - 1 v
PROXIMAL TO PROJECT COMPONENT: 2P . Wrete pn Lk

CARCASS POSITION

GPS COORDINATES (UTM NADS3) 118 East:(J(, /1 (16 | North: 332436 &
BEARING (degrees) to PROJECT COMPONENT: __ 70 ©
DISTANCE (meters) to PROJECT COMPONENT: 7)) i

CARCASS DESCRIPTION
SPECIES: /{g; ornd N LRl AWl
SEX (circley: M F Lf__l__;r— AGE (cirele): A ] .L[;] Tag/Band Number:
CONDITION (circle): WGavcnged dismembered  feather spot  injured
ESTIMATED TIME SINCE DEATH/ANIURY (no. of days): . ?_{[_:] 234567 TMH
CAUSE OF DEATH:

BRI TN .

OBSERVABLE INJURIES:
o Feoke E’; i G

SUBSTRATE/GROUND COVER (ar carcass location): L)« P ey £ AETH

DISPOSITION OF CARCASS' (circle):  left in p_lr;\cu..:'rmrmved collected for trials  collected for
other:

SHIPFED TO:

[name of instinotion] _

[physical address]

[phone/email]

WEATHER CONDITIONS
AIR TEMPERATURE (degrees Fahrenheit): /| f
PRECIPITATON (last 24 houss, circle): néac) light rain rain heavy rain hail snow

rd
CLOUD COVER (cirele): clear| mostly clear partly cloudy mostly cloudy  cloudy

AR056992



Additional Documentation Attachment to Comment 2-F1

Attachment I-3

I A
WIND DIRECTION: - SPEED (mph, circle):  0-10C 10-20) 2030 30+  gusty

NOTES (describe noteworthy weather conditions since last search, including high wind, fog,

precipitation, and storm events):

'-Irl r._” “""J Ilr‘I r;

PHOTOGRAPHS":

Close Up:  Photo 1 {nz-cga) Photo 2 [03-009T
Landscape: Photo 3 dpr-nopy Fhotod [07. ~na0
PHOTO NOTES:

P,-er. i"lﬁ.fs i F i
NOTIFICATION";
] I )

DATE: 4 f'gf;? TIME: 132
NAME: fa+r (50106 e AGENCY/ASSOCIATION: [ DF ¢4
NOTES:

[l "3 P ') - i R R
< SAmMmEe 2p0w Ok EFePoPTFEDN INWPEN

i 1"II = !If_; ~|3 Pﬂ”"‘l(} JF L ] <i | I

Lp=l ORSERUAT 1o,

' Permit required to handle bird carcasses.

* At least four photographs should be taken. Two should be close-in shots of the carcass and should
be taken from at least two different angles, Two should be shots taken farther away showing the
landscape (project components, surrounding habitat, ete.) and should be taken from at least two

different angles).

* Indicate who was notified of the event, date, time, ete,

ARO056993



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

103-0089 Pink
Camera

103-0090 Pink
Camera

AR056994



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

103-0091 Pink
Camera

103-0093 Pink
Camera

AR056995



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

CAMPO VERDE SOLAR ENERGY PROJECT
MORTALITY REPORTING FORM
paTE 31402 v 0O onsprver Dornee CraNeHET
PRONIMAL TO PROIGCT coMPONINT 305
€ ARECASS POSITION

GPS COURDINATES {UTM NADE) 118 Fast: QG20 804 North: B2l 6
BEARING (depreesi 1o PROJFCT COMPONENT, N5 0E (oo Ponydw”
DISTANCE (meters) o PROJTCT COMPONENT “Le ti  (om fun uT
CARCASS DESCRIPLION
SPECILS. Com_mon_ Iugmsu_
SEX (circler: M @ L AGE feireter A 1 £ TazBand Number

.f”- - _\‘ " I
CONIHTION (rorcder Untact §oscavenged dismembered leather spol amured
ESTIMA TED TIME SINCE DEATHINIURY (no. ofdaysi, =1 1 2 3§25 6 7 7
CALSE OF DEATI

LM anedel . _

OBRSERVABLE INJURIES »
'\31;: L
SUBSTRATLAGROUND COVER (wr corvans docanons (e 8RED ( poan D

| —

DHSPOSITION OF CARCASS torelen

oiner:

collected for nals  coliceted for

SHIPPED Ty

[name ol instutution]

Iptovsical address |

[phone/emanl] N

WEATHER CONIDITIONS

AR TEMPERATURE (degrees Pahrenhen: wE

i)

o
PRECIPTTATON {iast 24 hours, vircle) C‘_"ll}‘- lght rasn i heavy rain haill  soow

;e 5 EI wd s t'_h -
CLOUD COVER (el gmmﬁ}: clear  paniveloudy  mostly clomdy  cloudy

AR056996



Additional Documentation Attachment to Comment 2-F1

Attachment I-3

WIND DIRECTION: 51,_" %F’l-‘l?l')imph.rrrc;'(@l 10-20 20-30 30+ pusty

NOTES (describe noteworthy weather conditions since last search, meluding high wind, log,

precipitaton, and storm cvenis):

PHOTOGRAPHS:
Close Up:  Photo 1 [33-24%5 Photo 2 [92- 2074
Landscape: Photo 3 (92 .009¢ Photod  [23- ©@0y
PHOTO NOTES:

B Pioe Chmipa

NOTIFICATION":
DATE: 4/19/13mME: 1152

NAME: Sc()_tt Yanco - AGERCY/ASSOCIATION:

NOTES:

Heritage

' Permut required 1o handle bird carcusses.

Ar least four photographs should be taken. Two should be close-in shots of the carcass and should
he taken from st least two differcat angles. Two should be shots taken Farther away showng the
landscape {project components, surrounding habriat, etc.) and should be taken from at least two

different angles)

" Indicate who was notified of the event. date, time, eic.,

ARO056997



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

103-
0094

Pink
Camer

103-
0095
Pink
Camer

AR056998



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

103-
0096

Pink
Camer

103-
0097

Pink
Camer

ARO056999



Additional Documentation Attachment to Comment 2-F1
Attachment [-3

CAMPO VERDE SOLAR ENERGY PROJECT

MORTALITY REPORTING FORM

DATE: ‘//2521’3 TIME: | 245 OBSERVER: Zt. (uldey,

PROXIMAL TO PROJECT COMPONENT: P&d [0 ( Y&m chuye 03

CARCASS POSITION

GPS COORDINATES (UTM NADS3) 118 East: (223226 Nopth: 5 2593
BEARING (degrees) to PROJECT COMPONENT: _ O
DISTANCE (meters) to PROJECT COMPONENT: _ Olx

CARCASS DESCRIPTION
SPECIES: _Dewert iquanc

SEX (circle: M F (0  AGE(circl): (A)J U  Tag/Band Number: [V i
CONDITION (circle): intact scavenged feather spot  injured
ESTIMATED TIME SINCE DEATH/INJURY (no. of days): (5D 1 2 3 4 5 6 7 7+
CAUSE OF DEATH:

o o f‘ ‘
R\A” daze- (q\,kz Sukdere )

OBSERVABLE INJURIES:

Jeouco\ BA&\}

SUBSTRATE/GROUND COVER (at carcass location):_> %9 / {laded

DISPOSITION OF CARCASS' (circle): leftin place removed collected for trials collected for
other: R wyi€d o '1;}*‘2 d
SHIPPED TO:

[name of institution] ~

[physical address] -
[phone/email] g

WEATHER CONDITIONS

AIR TEMPERATURE (degrees Fahrenheit): 1&

PRECIPITATON (last 24 hours, circle): @ light rain rain heavy rain hail snow
CLOUD COVER (circle): mostly clear partly cloudy mostly cloudy cloudy

ARO057000



Additional Documentation Attachment to Comment 2-F1
Attachment [-3

WIND DIRECTION: (4} SPEED (mph, circle): (0-10y 1020 2030 30+ gusty

NOTES (describe noteworthy weather conditions since last search, including high wind, fog,
precipitation, and storm events):

PHOTOGRAPHS?:

Close Up: Photol [2.  Photo2
Landscape: Photo 3 Photo 4
PHOTO NOTES:

NOTIFICATION?:
DATE: 4 /2?//3 TIME:

NAME: Kim Maryde AGENCY/ASSOCIATION: 1oL /1
me,:‘:.‘\‘,u\ k?",\‘;«\l? ¢ U /:(_L_)
NOTES:

! Permit required to handle bird carcasses.

? At least four photographs should be taken. Two should be close-in shots of the carcass and should
be taken from at least two different angles. Two should be shots taken farther away showing the
landscape (project components, surrounding habitat, etc.) and should be taken from at least two
different angles).

? Indicate who was notified of the event, date, time, etc.

Br AR057001



AR057002




Additional Documentation Attachment to Comment 2-F1
Attachment [-3

CAMPO VERDE SOLAR ENERGY PROJECT
MORTALITY REPORTING FORM
DATE: 7/26/ 3 TIME: [O25~ OBSERVER: 4 Goldey,

PROXIMAL TO PROJECT COMPONENT: ,"éd 7 ( J b‘ e /'(,u < c;)

CARCASS POSITION

GPS COORDINATES (UTM NADS3) 118 East: 622079 North: J82)¢5C
BEARING (degrees) to PROJECT COMPONENT: __ &'
DISTANCE (meters) to PROJECT COMPONENT: _ & -

CARCASS DESCRIPTION

SPECIES: _feye<df [feitna

SEX (circle): M F (§)) AGE (circle): @& J U Tag/Band Number: ™
CONDITION (circle): intact scavenged @ feather spot  injured
ESTIMATED TIME SINCE DEATH/INJURY (no. ofdays): 1) 1 2 3 4 5§ 6 7 7+

CAUSE OF DEATH:
()] oty /&A b Serfs u\

OBSERVABLE INJURIES:

Aadad Jevurre d

SUBSTRATE/GROUND COVER (at carcass location): J €m0l ( 1/ DLOJ )

DISPOSITION OF CARCASS!' (circle): Agft’ inplacé removed collected for trials ~collected for
other: 72 ) ads f/( -

SHIPPED TO:
[name of institution] v
[physical address] Dl

[phone/email]

>

WEATHER CONDITIONS

AIR TEMPERATURE (degrees Fahrenheit): 7.

PRECIPITATON (last 24 hours, circle): (_ﬁbi?‘ light rain rain heavyrain hail snow
CLOUD COVER (circle): clear m@@ partly cloudy mostly cloudy cloudy




Additional Documentation Attachment to Comment 2-F1
Attachment [-3

WIND DIRECTION: _4)  SPEED (mph, circle): 0-10-10-20 2030 30+ gusty

NOTES (describe noteworthy weather conditions since last search, including high wind, fog,
precipitation, and storm events):

=
/
/
PHOTOGRAPHS?:
Close Up: Photo 1 ‘/ Photo 2
Landscape: Photo 3 Photo 4
PHOTO NOTES:
NOTIFICATION’:
DATE: /72 215 TimE:
NAME: _[</h 11 6w idy, AGENCY/ASSOCIATION: _ JL 14y
Inegdalece @adrigues cOFW
NOTES:

! Permit required to handle bird carcasses.

? At least four photographs should be taken. Two should be close-in shots of the carcass and should
be taken from at least two different angles. Two should be shots taken farther away showing the
landscape (project components, surrounding habitat, etc.) and should be taken from at least two
different angles).

? Indicate who was notified of the event, date, time, etc.




Additinal Documentaion Attachment to Comment 2-F1

' e

AR057005




Additional Documentation Attachment to Comment 2-F1
Attachment [-3

CAMPO VERDE SOLAR ENERGY PROJECT

MORTALITY REPORTING FORM

DATE: Y/ z?"Z{S TIME: O8°% OBSERVER: [/ Goldoc

PROXIMAL TO PROJECT COMPONENT: [t £ (Fractuye © )

CARCASS POSITION

GPS COORDINATES (UTM NADS3) 118 East: 619934 North: 362/ 6 36
BEARING (degrees) to PROJECT COMPONENT: ___ On
DISTANCE (meters) to PROJECT COMPONENT: __ ¢/,

CARCASS DESCRIPTION

SPECIES: _J hwoel=hned Sho ke

SEX (circle): M F (U>  AGE (circle): (A>J U Tag/Band Number; __
CONDITION (circle): intact scavenged @@ feather spot  injured
ESTIMATED TIME SINCE DEATH/INJURY (no. ofdays): (5D 1 2 3 4 5 6 7 7+

CAUSE OF DEATH: | ) N
"}u [l C{M(-»Qv "/:‘ vh S H-F‘M ‘:‘>

OBSERVABLE INJURIES:
Hecd Sevee=d

SUBSTRATE/GROUND COVER (at carcass location):_ % / AR,

{
DISPOSITION OF CARCASS' (circle): (Teftin ptace removed collected for trials collected for
other: /%u\ e

SHIPPED TO:
[name of institution]
[physical address]
[phone/email]

WEATHER CONDITIONS

AIR TEMPERATURE (degrees Fahrenheit): F<

PRECIPITATON (last 24 hours, circle): @, light rain rain heavyrain hail snow
CLOUD COVER (circlez;i’c’/ﬁar“ mostly clear partly cloudy mostly cloudy cloudy




Additional Documentation Attachment to Comment 2-F1

WIND DIRECTION: __ —

Attachment [-3

SPEED (mph, circle): (0-10) 10-20 2030 30+ gusty

NOTES (describe noteworthy weather conditions since last search, including high wind, fog,

precipitation, and storm events):

PHOTOGRAPHS”:

Close Up: Photo1 1% Photo 2
Landscape: Photo 3 Photo 4
PHOTO NOTES:

NOTIFICATION’:

DATE: 4/7¥/17 TIME:

NAME: K ¥Maecdoin
Wicegda e 259 rifuey
NOTES:

AGENCY/ASSOCIATION:

VSL pty

cr e

! Permit required to handle bird carcasses.

? At least four photographs should be taken. Two should be close-in shots of the carcass and should
be taken from at least two different angles. Two should be shots taken farther away showing the
landscape (project components, surrounding habitat, etc.) and should be taken from at least two

different angles).

3 Indicate who was notified of the event, date, time, etc.

ARO057007



Additional Documentation Attachment to Comment 2-F1

i\

WL o T EL i) .
\ AUy TN
y’i..‘wﬁ... = "'.

AR057008



Additional Documentation Attachment to Comment 2-F1
Attachment [-3

CAMPO VERDE SOLAR ENERGY PROJECT

MORTALITY REPORTING FORM

DATE: "ZZ 29//3 TIME: 0957 OBSERVER: P. Gt

PROXIMAL TO PROJECT COMPONENT: @ Geveys yayd oo Fad )0

CARCASS POSITION

GPS COORDINATES (UTM NADS3) 118 East: _(x292%d North:
BEARING (degrees) to PROJECT COMPONENT: __(ad 1o
DISTANCE (meters) to PROJECT COMPONENT: __ [’/ /o

CARCASS DESCRIPTION ‘

sPECIES: 1 ld- Feiltd badyuee) Lrtngel

SEX (circley: M (B U AGE (circle): (&) J U Tag/Band Number:
CONDITION (circle): @ scavenged dismembered feather spot injured
ESTIMATED TIME SINCE DEATH/INJURY (no. of days): @1 28 456 T Tt

CAUSE OF DEATH:
thile ya, sy’

OBSERVABLE INJURIES:
F'-/ a H'?A € c’

SUBSTRATE/GROUND COVER (at carcass location):_Sado,_Gtvugs syl

DISPOSITION OF CARCASS' (circle): 1eﬂinp1ace@ collected for trials collected for
other: a&w’ﬁj 0 1, twey! 01, gad (D

SHIPPED TO:

[name of institution] =

[physical address] /
[phone/email] /

WEATHER CONDITIONS

AIR TEMPERATURE (degrees Fahrenheit): 7 7™/~

PRECIPITATON (last 24 hours, circle):c@e> lightrain rain heavyrain hail snow
CLOUD COVER (circle): Cﬂe/q mostly clear partly cloudy mostly cloudy cloudy

ARO057009



Additional Documentation Attachment to Comment 2-F1
Attachment [-3

WIND DIRECTION: __©  SPEED (mph, circle): @-100 10-20 20-30 30+ gusty

NOTES (describe noteworthy weather conditions since last search, including high wind, fog,
precipitation, and storm events):

PHOTOGRAPHS”:
Close Up: Photo 1 22 Photo 2
Landscape: Photo 3 23 Photo 4

PHOTO NOTES: )
Cyxosofehush  Scvud f\ﬂwomc!zm; -

NOTIFICATION?:
pATE: 1/29(1% TIME: (030
NAME: _Icim Wsdse AGENCY/ASSOCIATION: ‘= £#7
7’/?‘(”(.‘\»« /L.-':»iyw':» CRI" LD
NOTES:
VM yrite dad Lo n FUB d L{»,)'} Qy fl'l/ YUy b, Cud \
C 9"},1‘(’)"‘-’ ‘ S- 7 !/l ( 'Gb»l,uf'\{ "'rj’c'.‘ ¢ '.“'.g' ¢ k)
ki
Yiirq,  tfi) €

/?(‘iu,éﬂ fecde b)) [vifo ( ko, ¢ mM;Ja)*hu>
COxtadd  keuth Orpad osgile nmmnln)fl),

! Permit required to handle bird carcasses.

? At least four photographs should be taken. Two should be close-in shots of the carcass and should
be taken from at least two different angles. Two should be shots taken farther away showing the
landscape (project components, surrounding habitat, etc.) and should be taken from at least two

different angles).

3 Indicate who was notified of the event, date, time, etc.
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Attachment 1-3

r.‘-'t X »tk
AR057012



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

CAMPO VERDE SOLAR ENERGY PROJECT

MORTALITY REPORTING FORM
DATE: I%O\ 'S 1ive: N 20 OBSERVER: ¢ Yenco
PROXIMAL TO PROJECT COMPONENT: e -4 fhecess 'R

CARCASSPOSITION

GPS COORDINATES (UTM NADS3) 118 East: 0614924 North: 2621686
BEARING (degrees) to PROJECT COMPONENT: 1 1
DISTANGE (meters) to PROJECT COMPONENT: _ O

CARCASS DESCRIPTION )

SPECIES: Weckeon ”ﬁ’b%-—%&:\mc} W aed {i{,a“%ﬁév*’ Uy &f'ﬁ(’onoq\c’)f% ‘

SEX (Grde; M (F)U  AGE(drde): (A)J U Teg/Band Number: » 14
CONDITION (circle): @ scavenged  dismembered  feather spot  injured
ESTIMATED TIME SINCE DEATH/INJURY (no. of days): @1 234567 7+
CAUSE OF DEATH: E v SE R
L‘\“\L\ (1u"~«~r) bu v{?v‘\l“’é s om&tk i HL i’f&» i *‘ wan P fi’ukj

T
kil e R mﬂ Yoiddhes Wlon Jiscovered.

QBSERVABLE INJURIES:
\_)w-}fc m_c}ib e = \J"L‘ L’

’}‘T’h PR AL} ib L&:M.t)

=

‘a,‘

SUBSTRATE/GROUND COVER (at carcass location): ch\c) ~ o byt by

DISPOSITION OF CARCASS' (circle): left inplace removed collected for trials  collected for
other: _bucied on =t

SHIPPED TO:

[name of institution] __ 1\ \‘ﬁ\
[physical address] “ ‘51
[phone/email] \Ai A

WEATHER CONDITIONS

AIR TEMPERATURE (degress Fahrenhait): [0

PRECIPITATON (last 24 hours, cnrcle) Cnone ight rin  rain  heavy rain  hail  snow
CLOUD COVER (circle): mostly clear partly cloudy mostly cloudy cloudy

AR057013




Additional Documentation Attachment to Commen}Z-/F 1
Attachment [-3

s
WIND DIRECTION: [w&W  SPEED (mph, circle): @g? 10-20 20-30 30+ gusty

NOTES (describe noteworthy wegther conditions since last search, including high wind, fog,
precipitation, and storm events):
Mo+ 4 el Ll 7 oe oS .
")

PHOTOGRAPHS®

CloseUp: Photo1 074 Photo 2 V\I_g
Landscape: Photo3 75 Photo 4 V\Z o
PHOTO NOTES:

NOTIFICATION*
DATE: “1|zel5TIME: 14T |
NAME: . Goldem AGENCY/ASSOCIATlON:Lfimiwé,rw £C

NOTES:
il .-.Qbrw«r) o (DFEW 1R

' Permit required to handle bird carcasses.

2 At least four photographs should be taken. Two should be close-in shots of the carcass and should
be taken from at least two different angles. Two should be shots taken farther away showing the
landscape (project components, surrounding habitat, etc.) and should be taken from &t least two
different angles).

% Indicate who was notified of the event, date, time, i,

AR057014



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

Photo 1

ARO057015



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

CAMPO VERDE SOLAR ENERGY PROJECT
MORTALITY REPORTING FORM
DATE: 6‘}1 'S TIME: _[4HO OBSERVER: S. Yenco

PROXIMAL TO PROJECT COMPONENT: _(52 ﬂLTL occess D ,

CARCASS POSITION

GPS COORDINATES (UTM NAD83) 11S Eagt: 620Z5¥X North: 342 | 216
BEARING (degress) to PROJECT COMPONENT: /A [f‘/x
DISTANCE (meters) to PROJECT COMPONENT: (D

CARCASS DESCRIPTION
SPECIES: Fled i \ed Norimed) \1'@-@3 ’

SEX rde): M F (U~ AGE(irde; (A)J U  TagBand Number: 1A |9
CONDITION (circle): @a:@ scavenged dismembered feather spot  injured
ESTIMATED TIME SINCE DEATH/INJURY (no.of days): (511 2 3 4 5 6 7 7+

CAUSE OF DEATH:
Noowed covdata tntue b W)
VX U \J Cjw

OBSERVABLE INJURIES: ) !
VL«—») [araes ; 1{,,4_ LL \(@‘ N DA o
N\

SUBSTRATE/GROUND COVER (at carcass location): IC@W\{MCLL—) S{.{wé

DISPOSITION OF CARCASS' (circle): left inplace removed coilectedfortrial@
other: {Zo~5]:>1ﬂ(. LA

SHIPPED TO:

[name of institution] _&wic l,-mq b : ;-v:,«:"-“.‘{“m. % na C =LA
[physical address] q

[phone/emalil]

WEATHER CONDITIONS

AIR TEMPERATURE (degress Fahrenheit): 50~ (

PRECIPITATON (last 24 hours, circle): @ lightrain rain heavy rain hail snow
CLOUD COVER(circie):CE[éEP mostly clear partly cloudy mostly cloudy cloudy

AR057016



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

WIND DIRECTION: M SPEED (mph, circle): 0-10' 10-20 20-30 30+ gudy

NOTES (describe noteworthy weather conditions since last search, including high wind, fog,
precipitation, and storm events):

PHOTOGRAPHS

CloseUp: Photo1 Z&  Photo2 £
Landscape: Photo 3_%2 _ Photo4 >\
PHOTO NOTES:

NOTIFICATION?®*

DATE: S [2)3TIME: 14US
NAME: Y4, Gt théoch«\ AGENCY/ASSOCIATION: _EGL /Huf’wﬁfg
IJ(

NOTES: ,
Lecabod 1 ommeds \eL QD\L“"“"‘“M ’Qu‘w’uag AO\?&]’?{LYW“’\‘X'RV} Crudeed
’QAU uML( “f‘(uLV\ U (7L

. Lok aottied 9. éoallt& <Y )k BUA L(CDFLU

! Permit required to handle bird carcasses.

# At least four photographs should be taken. Two should be close-in shots of the carcass and should
be taken from at least two different angles. Two should be shots taken farther away showing the
landscape (project components, surrounding habitat, etc.) and should be taken from at least two
different angles).

® Indicate who was notified of the event, date, time, ec,

AR057017



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

Photo 28

Photo 29

AR057018



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

Photo 30

Photo 31

ARO057019



Additional Documentation Attachment to Comment 2-F1
Attachment I-3
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Additional Documentation Attachment to Comment 2-F1
Attachment I-3

CAMPO VERDE SOLAR ENERGY PROJECT

MORTALITY REPORTING FORM

DATE: L-2-20%% TIME: 1414 OBSERVER: will "ufrrs;:»/:ic 8 ¥

PROXIMAL TO PROJECT COMPONENT: [2lac it N/ 24 e wodule Box

CARCASSPOSITION

£

GPS COORDINATES (UTM NADS3) 11SEast: 0414592 North: 3672 b6
BEARING (degrees) to PROJECT COMPONENT: _O
DISTANCE (meters) to PROJECT COMPONENT: & wit-e¥

5

CARCASS DESCRIPTION

SPECIES: Desevd  fotiom b

SEX (circle): M F U  AGE(circle): A J U Tag/Band Number; _y %
CONDITION (circle): intact scavenged dismembered feather spot  injured
ESTIMATED TIME SINCE DEATH/INJURY (no.of days): >1 (102 3 4 5 6 7 7+

CAUSE OF DEATH:

OBSERVABLE INJURI ES:
chewd  rud oy, bor

=

SUBSTRATE/GROUND COVER (at carcass location):_bove  Qypeavic
DISPOSITION OF CARCASS' (circle): Ieftinplace (femoved) collected for trials — collected for

ather: _beyvigeh oy € caulls Eond 2D o
SHIPPED TO:

[name of institution]
[physical address|
[phone/emal]

WEATHER CONDITIONS

AIR TEMPERATURE (degrees Fahrenheit); _<12°

PRECIPITATON (last 24 hours, circle): qioned light rain rain  heavyrain  hail snow
CLOUD COVER (circle): clear @ostly clean partly cloudy mostly cloudy  cloudy

AR057021




Additional Documentation Attachment to Comment 2-F1
Attachment I-3

WIND DIRECTION: Narll: SPEED (mph,dircle): (010 1020 2030 30+ gusly

NOTES (describe noteworthy weather conditions since last search, including high wind, fog,
precipitation, and storm events).

PHOTOGRAPHS™ - )
Close Up: Photo 1 1&*0@1;:1175*[02_‘,’{_5519_
Landscape: Photo 3 K*{‘f‘,"- L Photo 4 14— ¢ 0L
PHOTO NOTES:

NOTIEICATION®
DATE: &~ 2-201% TIME: 17415

b y » -Il'i-a. | o AR P T 'i'c.- ‘\
NAME: Thy  ooldon AGENCY/ASSOCIATION: Hevitede Evivirevy
NOTES: s
e [ | i 1 | g ™ = _? l.l --;..4- / -{u"‘- W- .
F"wr,a-._}llll\ 5 VJJ ‘_rfl_k }'5 =T d W T il T W FAS L 5 o

' Permit required to handle bird carcasses.

i ; of the carcass and should
2 At least four photographs should be taken. Two should be close-in shols o !
be taken from at least two different angles. Two should be shots taken farther away showing the

landscape (project components, surrounding habitat, etc.) and should be taken from at least two
different angles).

3 |ndicale who was notified of the event, date, time, elc,

. - AR057022



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

5-3-20]3 (-

Will Van Vee?

R-0103

R-0104

AR057023



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

R-0105
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Additional Documentation Attachment to Comment 2-F1
Attachment I-3

CAMPO VERDE SOLAR ENERGY PROJECT
MORTALITY REPORTING FORM
DATES3%-13 TIME (1S OBSERVER: O M\
PROXIMAL TO PROJECT COMPONENT: Vault #2 Blak 3A

CARCASSPOSITION

GPS COORDINATES (UTM NADS3) 11SEagt: 0620034 North: _ 3£R2S )1
BEARING (degrees) to PROJECT COMPONENT: _inside blaR 5
DISTANCE (meters) to PROJECT COMPONENT:

CARCASS DESCRIPTION
SPECIES: VarisWle Grapmdsia ke |

SEX (circle): M F @  AGE(circle: A J(O)  Tag/Band Number:
CONDITION (circle): scavenged  dismembered featherspot  injured
ESTIMATED TIME SINCE DEATH/INJURY (no.of days): >1 (D)2 3 4 5 6 7 7+

CAUSE OF DEATH:
Pm&gg PY‘QADZ&\}V\

OBSERVABLE INJURIES: : ;
gigm‘g\”&m\"’ fW\L\MM(APPore\d’ bite marRs) on side o-? Snukes baA(\Jj

SUBSTRATE/GROUND COVER (at carcass location): Compacted AT

DISPOSITION OF CARCASS' (circle): leit in place (femoved> collected for trials  collected for
other:

SHIPPED TO:
[nameof institution]
[physical address]
[phone/email]

WEATHER CONDITIONS

AIR TEMPERATURE (degress Fahrenheit): 8 8

PRECIPITATON (last 24 hours, circle): @ lightrain rain heavy rain hail snow
CLOUD COVER (circle): clear mostly clear @ mostly cloudy cloudy

AR057025




Additional Documentation Attachment to Comment 2-F1
WIND DIRECTION: W/ SPEED (mph, dircle): (0530 1020 20-30 ftachmgent I-3

NOTES (describe noteworthy weather conditions since last search, including high wind, fog,
precipitation, and storm events):

PHOTOGRAPHS?

CloseUp: Photo 14164  Photo2 4165
Landscape: Photo 34166 Photoa A 1&(
PHOTO NOTES:

NOTIFICATION®:

DATE:S28-13 TiME: JI 15
NAME: Pt Colden/ Sl Yonco  AGENCY/ASSOCIATION: Herthese Eis vipanmentsd

NOTES:

' Permit required to handle bird carcasses.

2 At least four photographs should be taken. Two should be close-in shots of the carcass and should
be taken from at least two different angles. Two should be shots taken farther away showing the
landscape (project components, surrounding habitat, etc.) and should be taken from at least two
different angles).

® Indicate who was notified of the event, date, time, efc,

AR057026



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

4164

4165

AR057027



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

4166

4161

AR057028



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

CAMPO VERDE SOLAR ENERGY PROJECT
MORTALITY REPORTING FORM

DATE:E'éi' |3 TimE: Q81 4 OBSERVER: Cﬂﬂ S

PROXIMAL TO PROJECT COMPONENT: On_rood botieen [N sk 2A

CARCASSPOSITION

GPS COORDINATES (UTM NADS3) 11SEast:_ & (9T S North: 362366 3
BEARING (degress) to PROJECT COMPONENT: _Z4898#e 4 Betuiecn [N srd 2A
DISTANGE (meters) to PROJECT COMPONENT: ot midpont oF IN.

CARCASS DESCRIPTION

SPECIES: Dasert Cotfontri]l (3 indwvidunals)

SEX (circle): M F @ AGE (circle): A @ U Tag/Band Number: Y\Z'Q
CONDITION (circle): scavenged dismembered feather spot  injured ’.
ESTIMATED TIME SINCE DEATH/INJURY (no.of days): >1 1 2 3 4 5 6 7 @

CAUSE OF DEATH:
U\l\\(\\owv\

OBSERVABLE INJURIES:
AV/N

SUBSTRATE/GROUND COVER (at carcass location): Cempacted_dirt

DISPOSITION OF CARCASS' (circle): left in place collected for trials  collected for
other: ;

SHIPPED TO:
[name of institution]
[physical address]
[phone/email]

WEATHER CONDITIONS

AIR TEMPERATURE (degress Fahrenheit): 3%

PRECIPITATON (last 24 hours, circle): 4,@ lightrain rain heavyrain hail snhow
CLOUD COVER (circle): @ mostly clear partly cloudy mostly cloudy cloudy

AR057029



Additional Documentation Attachment to Comment 2-F1

WIND DIRECTION: M)/ SPEED (mph, cirdle): 1020 2030 apftachment -3

NOTES (describe noteworthy weather conditions since last search, including high wind, fog,
precipitation, and storm events):

PHOTOGRAPHS*

CloseUp: Photo 14186 Photo2 H tg&
Landscape: Photo 3 Photo 4
PHOTO NOTES:

NOTIFICATION®
DATE:S-21-12 TiME: 030
NAME: Pt Gelhen AGENCY/ASSOCIATION: Hertheae Envicapmentid

NOTES:

' Permit required to handle bird carcasses.

2 At least four photographs should be taken. TwQ should be close-in shots of the carcass and should
be taken from at least two different angles. Two should be shots taken farther away showing the

landscape (project components, surrounding habitat, etc.) and should be taken from at least two
different angles).

® Indicate who was notified of the event, date, time, etc,

ARO057030



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

4186

4188

AR057031



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

4185

4187

AR057032



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

CAMPO VERDE SOLAR ENERGY PROJECT
MORTALITY REPORTING FORM

DATE C[IW[13  TiME 1125 OBSERVER: o

PROXIMAL TO PROJECT COMPONENT: € «s} € ol 5
CARCASS POSITION

GPS COORDINATES (UTM NADS3) 11SEast: (0L 27 (7L North: 3C24LE 2
BEARING (degrees) to FROECT COMPONENT: _270°
DISTANCE (meters) to PROJECT COMPONENT: 10 ~

ARCA ION
SPECIES: Qv.\"\uTm;“\ Blackbico lA“-‘l"~7\'Y 'l”‘“""‘.-(c\ﬁ)

SEX (crde) M E)U  AGE(drde) A J (U ) TagBand Number:
CONDITION (circle): (intact ' scavenged dismombared  festherspot  injured
ESTIMATED TIME SINCE DEATH/INJURY (no.ofdays): (>1 1 2 3 4 5 6 7 7+

CAUSE OF DEATH:

Ve iAW

OBSERVABLE INJURIES:

non [»

SUBSTRATE/GROUND COVER (at carcass location): Soued i~ concrett b d ATk h ool
Z;esmnon OF CARCASS' (circie): (ldftin pla®, removed collectedfor tridls  collectedfor
SHIPFFED TO:

[namef institition] —
[physical address) i
[phoneemall] - —

WEATHER CONDITIONS

AIR TEMPERATURE (degress Fahrenheit): 91 +

PRECIPITATON (last 24 hours circle): ‘none), light rain  rain  heavy rain bl snow
CLOUD COVER (circle): (Gear ) mostly Gear partly cioudy mostly cloudy  cloudy

AR057033



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

WIND DIRECTION: S SPEED (mph.crde): (0-10 1020 20-30 30+ gudly
NOTES {describe noteworthy wegther conditions since 128t ssarch, including high wind, fog,
precipitation, and sorm‘ events):

™ i.’r‘ ‘ /-( PR LAY

PHOTOGRAPHS®: _ I

4 ,‘
CloseUp: Photo 1 w-eiil Photo 2 ¢ - o1
Landscape: H-uos._c°4 Se  Photo4 :.E.k'.'
PHOTO NOTES:

NOTIFICATION®

DATE: (7/m(xj TIME: 1145

NAME: ;E..-\ Goldea __ AGENCY/ASSOCIATION: Her Heqt Eavitonmente \
Consullonts, LLC

NOTES:

' Permit reguired to handle bird carcasses

? At least four photographs should be taken. Two should be dlose-in shots of the carcass and should
be taken from at least two different angles. Two should be shots taken farther away showing the
landscape (project components, surrounding habital, elc) and should be taken from & least two
difterent angles).

* Indicate who was notified of the event, dae. time, dc.

AR057034



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

Pink 105-0146

AR057035



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

Pink 105-0148

AR057036



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

Pink 105-0149

AR057037



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

Pink 105-0150

AR057038



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

CAMPC VERDE S0OLAR ENERGY PROJECT
MORTALITY REPORTING FORM

DATE_';.le:'-'_,-"f_’l TIME: [353 OBSERVER: Danny LY gn

PROXIMAL TO PROECT COMPOMENT: Blech 7.4 *"Wfff b
CARCASSPOSITION

GPSCOORDINATES (UTW NADES) 115 East: L LA S North: 3423745
BEARING (degress) to FROJECT COMPOMENT: _withun o
DISTANGE {melers) to PROJECT COMPONENT: _#8%0w. wthin

CARCASS DESCRIPTION : o
SPECIES: LesSer tighd btk |-i~af:!|e . et peans |

SEX (circle): M F u:l) _AGE(crde): A J Ll) Tag/Band Number:
CONDITIOM (circle): flntszt +) scavenged  dismembered  Teginer spol Injured
ESTIMATED II".ﬂESIN = DEATHANJURY (no. of days): &.1 2854 567 T+

CAUSEOF DEATH:

Uk munied i

COBSERVABLE INJURIES: : ‘ N
; e T by ok : i TATIES o
Chicrydernt %401 abs vl ypeth brofee, lekl puics e bt ghes -'I 1| [ =
Hrih mole ira { L l'.l-_i .'Ii'-‘- I__,- ;-.vl.' P*Ir-*::i b o re L1 nit hot 5 ik LE-?’I—.?_-hf;x G

aftherinrd S

suBsTFtATELHDUNDDDUEF:{atcarcassmmm] Loved leyine in dick

DISPOSITION OF GARCASS' (circle): (@i inplile removed collecter for rids  collected for
o ; R

SHIPPED TCx

[nameof instituion]
[physical aridress) o
[phonsfemal] _

WEATHER GONDITIONS

AR TEMPERATURE (degress Fatrenhait): 1%

PRECIPITATON (last 24 howrs, circle): .r’ri:uné‘ light rain  rain hesvyrain hal  snow
CLOUD COVER (cirdle); dear n'r.HIy clear @ny cﬂ:lud'_-.-' i) mostly doudy  cloudy

AR057039



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

WIND DIRECTION: __ SPEED (mph, cirde); i}.}ﬂ;D 10-20 2050 50+ gusly
b

NOTES (describe noteworthy westher conditions since lasfSsarch, including high wind, fog,

precipitation, and storm auents):

e L af apie
]

PHOTOGRAPHS®: _ L Blich
ClosaUp: FPholo1ies-old) Phoo2 105 o114

Landscape: Photo 3 E}_:]_.s.'i!_'\.i;p_; Fﬁﬂtﬂ-ﬂﬂ
PHOTO NOTES:

NOTIFICATION®
i fi3 . £
DATE:{izf13 TIME: [353 |

‘ i -4 ol 2 t
NAME: Fat Colden  AGENCY/ASSOCIATION: Hertiene ovionme |

{arscblanty

Lok

" Pormit required to handie bird carcassss.

2 At lesst four photographs should betalen. Two should be close-in shots of the carcass and should
betaken from &l lesst two different angles. Two should be shiols taken farther away showing the
landscape (project components, surmounding habitat, eic.) and shoufd betaken from & lesst two
different angies).

* Indicate who was notified of the event, ddte, time, dic,

AR057040



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

Black 10'198 -

EMNNY tﬂﬁgu;

) ¢ /1213 6 1353
ki b

[CAD’CAUleS a-c,v“-'p enn S
®

L esser H.’j
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Additional Documentation Attachment to Comment 2-F1
Attachment I-3

Black 105-0199

DA NN Y | tVzen

L7 iz o ABEE
LeSfer N-jk‘*"\'&v\’_k

(Cl‘o’c)\{_i les acdipenn :s)

AR057042



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

Black 105-0200

AR057043



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

Black 105-0201

AR057044



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

CAMPO VERDE SOLAR ENERGY PROJECT
MORTALITY REFORTING FORM

il %03 z S ) Pl Bk T
DATE b Y9ty TiME 13%0 OBSERVER: Llgany L. 7 - o

: & - O —— e
PROXIMAL TO PRG.ECT COMPONENT: £ Cosl of Black 38 o, Demick €3

CARCASSPOSITION

GPS COORDINATES (UTM NAD&3) 118 Eas: OLT |l oY North: 3623915
BEARING (degress) to PROJECT COMPONENT: 1710

DISTANGE (meters) to PROJECT COMPONENT: 50 » o

CARCASS DESGRIFTION o 4o
. e W i £r el | Tard ot oo |
SPECIES: Raurd Telled Crouad Squirrel[Berosperes phe ey 8

—

SEX (cirde): M F (U)  AGE(circle): A J (U  Tap/Band Number:
CONDITION (circle): intact scavengsd dismembered  festherspot  injured
ESTIMATED TIME SINCE DEATHANJURY (no. of days): .-:@1 2345677
CAUSE OF DEATH:

_Sesnegs Pun sver [BTE by venTuln
.

OBSERVAEBLE INJURIES:

Erdire bady Srustheh WAk endfalls Strewe ecrof pevemenT

SUBSTRATE/GROUND COVER (at carcasslocation):_fevrd or povid otk

DISPOSITION OF CARCASS' (girde);  left in place (Ta collected for trigls  coliected for
other: =

SHIPPED TCx

[naneaf Tnstitution]
[physical address —
[phone/emsl)

WEATHER CONDITIONS

AIR TEMPERATURE {degress Fahrenheit): 19" F

PEECIFITATON (last 24 hours, circle): n::u'sé} light rein  rain hesvy rain hal  snow
CLOUD COVER (cirde): cleer {rostly &"e% partly cloudy mostly cloudy  cloudy

AR057045



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

WIND DIRECTION: \J _ SPEED (mph, dirde): (0-10) 1020 2080 a0+ qusty
NOTES (describe notaworthy weather conditions since last sarch, including high wind, fog,
precipitaiion, and storm events):

S—_— ; i . - . i
ol uers windy opd bazy e nighd sve dv o8 dNre Jn Lepirield

gt

PHOTOGRAPHS:

Ciosellp: Fhato 15 me o4 Phoip 2 TME _odis
Landscape: Photo 3 Ime cdid Fhoto 4 et odil
PHOTO NOTES:

NOTIFICATION®
DATE L1315 TIME 155]
NAME: Scoth Yoaco  AGENCY/ASSOCIATION: HerTde se Envirspment |

snsultents, LLL.
NOTES: SN Ry

' Parmit required to handle hird carcesss

* At lesst four photographs should betalken. Two should be closs-in shots of the carcass and should
be takeen from =t least two different angles. Two should be shots taken farther away showing the
Fandscape (project components, surrounding habitat, etc.) and should baisken from & lesst two
different angles).

* Indicate who was notified of the event, date, fime, et

AR057046



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

IMG_0414

ARO0S57047



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

IMG_0415

AR057048



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

IMG_0416

AR057049



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

IMG_0417

AR057050



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

CAMPO VERDE SOLAR ENERGY PROJECT
MORTALITY REPORTING FORM
DATE: H‘L‘* ,{ 13 TIME CA4S OBSERVER: 1) = L\ ™
PROXIMAL TO PROECT COMPONENT: «w 3h a Bl 48 e rer thera fence

CARCASSPOSITION

GPS COORDINATES (UTM NADS3) 11SEast: 0621 7 \0 North: 3624140
BEARING (degress) to PROJECT COMPONENT: w4k .~
DISTANCE (melers) to PROECT COMPONENT: w . 'k a

CARCASS DESCRIPTION
SPECIES: Deserd CoMoalai) fﬁyﬁ\v.\agvs *»’f"vt*m"')

SEX (cirde): M F (W AGE(circle): A J(U) TegBadNumber:
CONDITION (circle): infact scavenged dismembered  festher spot  injured
ESTIMATED TIME SINGE DEATH/INJURY (no.of days): (>1)1 2 3 4 5 6 7 7+
CAUSE OF DEATH:

- "\0" kf\()wf\

OBSERVABLE INJURIES:
hond \ul;c,._r')}:!’oﬁ PN

SUBSTRATE/GROUND COVER (at carcass location): Counel e

DISPOSITION OF CARCASS' (circle): It inplace (femoved) collected for trials — collected for
othar: =

SHIPPED TO:
[nameof institution] X 3
[physcal address e —e
[phonefemall]
WEATHER CONDITIONS

AIR TEMPERATURE (degress Fatvenheit): 15 €

PRECIPITATON (last 24 hours, circle): (non@, light rain _rain heavyrain hail  snow

CLOUD COVER (cirdle): clear mostly dléer CBartly clowy) mosty clowy - cloudy

AR057051



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

WIND DIRECTION: WS W SPEED (mph, cirde): 0-10 1020 2030 @o? sty

NOTES (describe noteworthy weether conditions sinoe last search, ingluding high wind, fog,
preapulam and slorm events):

Winde hovt pictedd oo ovti dre  lech ¥ heg
A |

PHOTOGRAPH§ it a
Close Up: Fhao11c;€fﬁ_ F'hotozu_%"‘Il
Landscape: Pholo 3 -5 - 0154 thodL el St

PHOTO NOTES:

NOTIFICATION®

DATE:&{24/13 TIME; VU0V

NAME: Pat Gotden AGENCY/ASSOGIATION: Her iuge Cavicomments!
(_W\"v“f'\l"’ I LL('

NOTES:

' Fermil required to handle bird carcasses.

¢ At least four photographs should be taken. Two should be close-in shots of the carcass and should
be tzken from d leasl two different angles. Two should be shols taken arther away showing the
landscape (project components, surTounding habilal, eic ) and should be taken from & least two
dfferent angles).

* Indicate who was nciified of the event, dale, lime, elc,

AR057052



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

Pink 105-0152

AR057053



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

Pink 105-0153

AR057054



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

Pink 105-0154

AR057055



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

Pink 105-0156

. ‘u\\' »

ANALANS

AR057056



Additional Documentation Attachment to Comment 2-F1
Attachment [-3

CAMPO VERDE SOLAR ENERGY PROJECT
MORTALITY REPORTING FORM

DATE: /25 /1% TIME: 265 OBSERVER: “TM\N

PROXIMAL TO PROJECT COMPONENT: _iN

CARCASSPOSITION

GPS COORDINATES (UTM NADS3) 11S Eagt: S0\ 945 North: o246 O3
BEARING (degrees) to PROJECT COMPONENT:
DISTANCE (meters) to PROJECT COMPONENT:

CARCASS DESCRIPTION

SPECIES: rabm

SEX (cirde): M F (U)_ AGE(circle): A J(U)  Tag/Band Number:
CONDITION (circle): act  scavenged dismembered feather spot  injured
ESTIMATED TIME SINCE DEATH/INJURY (no. of days): >1 1(2)3 4 5 6 7 7+
CAUSE OF DEATH:

U neson

OBSERVABLE INJURIES:
e £

SUBSTRATE/GROUND COVER (at carcass location): VE\UO 3( QQOC‘\'"

DISPOSITION OF CARCASS' (circle): Ieft in place (femoved/ collected for trials  collected for
other:

SHIPPED TO:
[name of institution]
[physical address]
[ phone/email]

WEATHER CONDITIONS
AIR TEMPERATURE (degress Fahrenheit): 44"

PRECIPITATON (last 24 hours, circle)_noje light rain rain heavy rain hail  snow
CLOUD COVER (circle): clear partly cloudy mostly cloudy cloudy

AR057057




Additional Documentation Attachment to Comment 2-F1
Attachment I-3

WIND DIRECTION: FNE  SPEED (mph, circle): (0-10) 10-20 20-30 30+ gusty

NOTES (describe noteworthy weather conditions since last search, including high wind, fog,
precipitation, and storm events):

PHOTOGRAPHS*

CloseUp: Photo 1165-¢154 Photo 210 5-alL &
Landscape: Photo 3_{©5-0I5#Photo 4 §(5- Ol |
PHOTO NOTES:

Anl CRorers

NOTIFICATION®
DATE: TIME:
NAME: Vak AGENCY/ASSOCIATION:

NOTES:

' Permit required to handle bird carcasses.

2 At least four photographs should be taken. Two should be close-in shots of the carcass and should
be taken from at least two different angles. Two should be shots taken farther away showing the
landscape (project components, surrounding habitat, etc.) and should be taken from &t least two
different angles).

® Indicate who was natified of the event, date, time, €ic,

AR057058



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

105-0157 pink camera

AR057059



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

105-0159 pink camera

AR057060



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

105-0160 pink camera

AR057061



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

105-0161 pink camera

AR057062



r i 4
- Additional Documentation Attachment to Comment 2-F1

Attachment [-3

CAMPO VERDE SOLAR ENERGY PROJECT
MORTALITY REPORTING FORM

DATE: /-[271%  TiME: | Heo OBSERVER: Tg{kar Morrigan

PROXIMAL TO PROJECT COMPONENT: ARREY Z of Block 2 A

CARCASS POSITION

GPS COORDINATES (UTM NADS3) 11SEast: 068 0025 North: 2635 [bdl
BEARING (degress) to PROJECT COMPONENT:
DISTANCE (meters) to PROJECT COMPONENT: £\ From Sgran ; Fabole

CARCASS DESCRIPTION
SPECIES: [ e 5% Nt harwk

SEX (circle): M F@ AGE (circle): @D J U Tag/Band Number: _ —
CONDITION (circle): (intac) scavenged dismembered feather spot  injured
ESTIMATED TIME SINCE DEATH/INJURY (no.of days): >1 1 2 3 4756 7 7+

CAUSE OF DEATH:
Unlk nosin

OBSERVABLE INJURIES:
T‘Jo 0 I;\ '%: @) ’} Gl EA N

SUBSTRATE/GROUND COVER (at carcass location): Be.ce Aur+

DISPOSITION OF CARCASS' (circle): (et in place)) removed  collected for trials ~ collected for
other:

SHIPFED TO:
[name of institution]
[physical address]
[ phone/email]

WEATHER CONDITIONS
AIR TEMPERATURE (degrees Fahrenheit): | OO

PRECIPITATON (last 24 hours, circle): light rain rain heavy rain hal snow
CLOUD COVER (circle): ear/ ) mostly clear partly cloudy mostly cloudy cloudy

AR057063




Additional Documentation Attachment to Comment 2-F1
Attachment [-3

WIND DIRECTION: _——  SPEED (mph, circle): @ 10-20 20-30 30+ gusty

NOTES (describe noteworthy weather conditions since last search, including high wind, fog,

precipitation, and storm events):
t\) &\ Lo

PHOTOGRAPHS?

CloseUp: Photo1 b\ Photo2 038
Landscape: Photo 3 925 Photo4 185
PHOTO NOTES:

NOTIFICATION®
DATE: /-12-13 TIME: M3 ©

B A 4 i L f - ) :
NAME: Pax vk Gollen AGENCY/ASSOCIATION: [T8/ e Fav. Consi hasds

NOTES: o
ul 1 (
Emerl Sent o Pak fo be Lorwarhed,

! Permit required to handle bird carcasses.

2 At least four photographs should be taken. Two should be close-in shots of the carcass and should
be taken from at least two different angles. Two should be shots taken farther away showing the
landscape (project components, surrounding habitat, etc.) and should be taken from at least two
different angles). : '

3 Indicate who was notified of the event, date, time, eic,

AR057064




Photo #535

Additional Documentation Attachment to Comment 2-F1

Attachment I-3

Photo #631

Photo #028

Photo #985

AR057065



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

CAMPO VERDE SOLAR ENERGY PROJECT
MORTALITY REPORTING FORM

!

DATE: _:i/"rJ/l?‘! TIME CT0Y OBSERVER: d“lf‘_\:l;\"\;'.

3 A

PROXIMAL TO PROJECT COMPONENT: WwWesh & Bluck 54

CARCASSPOSITION

=l 2| I_':_. a7

GPSCOORDINATES (UTM NADS3) 115 Bagt; DL (1Y MNorth: =
BEARING (degrées) to PROECT COMPONENT: 927
DISTANCE (meters) to PROJECT COMPONENT: _IC ~

CABCASS DESCRIFTION
SEECIES: Uedand ikl
SEX (circle): M E (U AGE(circle): & .J (U Tag/Band Nurmber:
CONDITION (circle):  intat  scavenged fﬁs‘l‘ﬂ'rberéi" fwmersml injured

ESTIMATED‘IIMESINEDE&THHM.UFW (no.t ofda},fs} }1:1 23458687 7
CAUSE OF DEATH:

et

OBSERVABLE INJURIES:

SUBSTRATEGROUND COVER (at CArCass iDEEtIDn] L

DISPOSITION OF CARCASS (circle): 1+3fl in piaoe removed c::lla:ted for trigls  eollected for
other:

SHIPPED TOx
[amaof ingitution]
|physical address] =
[ phonefemsl]

WEATHER CONDITIONS

AIR TEMPERATURE (degrees Fahrenheit): 0|

PRECIFITATON (la=t 24 hours, circle): r;:m light rain ran hesvy raim hail snow
; L B G

CLOUD COVER (circe): clear  mostly clesr .r\'pa'[l:.rdmm_- mostly doudy  cloudy

AR057066



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

-

WIND DIRECTION: _—  SPEED {mph, drcle): (010 10-20 20-30 30+ gudy
e

MWOTES (describe noteworthy westher conditions since lagt ssarch, including high wind, fog,

precipitation, and siorm events):

CloseUp:  Photo 1 1067111 Phptp 2105 - 0213

Landsceper Photo 3 19463 Photo 4 1uk - 4115
PHOTO NCTES:

MNOTIFICATION®
DATE 7/15[13 TIME: -
NAME 7=} Celle. AGENCY/ASSDCIATION: !

NOTES:

' Bermit required to handie bird carcasses.

% At leest four photographs should be taken, Two should be closs-in shots of the carcass and should
be takoen from at lesst two different angles. Two should be shots taken Tarther away showing the
landsoape (project compaonents, surrounding habitat, eic) and should betaken from &t leest two
differerl angles).

3 |ndicate who was notified of the event, dafe, time, eic,

AR057067



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

Pink 106-0212

e

101306,

AR057068



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

Pink 106-0213

AR057069



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

Pink 106-0214

07/13/2013 06:24

ARO057070



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

Pink 106-0215

AR057071



Additional Documentation Attachment to Comment 2-F1
Attachment [-3

CAMPO VERDE SOLAR ENERGY PROJECT
MORTALITY REPORTING FORM

DATEF--13 TiMe 0385  oeserver S MS
PROXIMAL TO FROECT COMPONENT:

CARCASS POSITION

GPS COORDINATES{UTM NADEY) 1S Eaat; €125 | Noe PO 3333
BEARING {dagrens) to PAOUECT COMPONENT - 90% Shetbe (5 in Black &
DISTANCE (metars) to FROECT COMPONENT: 70 m o

CARCASS DESCRIPTION
SFECIES: Browm Palican.
SEX(ordd M F @ AGE(Grder @ J U TapBard Number: VA
CONDITION (). (e scavernged  cimembensd  festher ot injuredd
ESTIMATED TIME SINCE DEATHANJURY (no.otdays): >1 1 @)3 4586 7 7+

CAUSE OF DEATH:
JAnknpaw

OBSERVABLE INURES
Nave

SUBSTRATEGROUND COVER (# carcas locaion) Compensted ditt
:l:oanou(rmmwmaq: @nDE) removes conectea for tnals  collected for
SHIFFED TO.

[namect resstubion] -
[prysical aodress]
[proneemal)

WEATHER CONDITIONS

AR TEMPERATURE (degraes Fahenhat) T4
PRECIPITATON (1aet 26 howrs, circde) (oD light eain e hawy tain bl snow
(LOUD COVER (rdel cesr mosty e partty clouy ([ielly Gous) ciounly

ARO057072



Additional Documentation Attachment to Comment 2-F1
Attachment [-3

wINDDIRECTION. £ SPEED (vpn arde: (@10) 020 2030 e gty

NOTES (descrite notoworthy westher conditions since st seerch, Inciuding high wind fog,
procpitation, and Sorm everts)

PMOTOGRAPHS.

Ciamlp Photo | MEASEF Photo 2 (6,430
Landcipe Photo 3 4369 Potod 4564
PHOTO NOTES:

pate: 7= J6-B imetfe
NAME Pat Golden AGENCY/ASSOCIATION: ﬂgg&g Envirpmmacta)

NOTES.

' Perm! reguieed 10 hendle bird cy o

At e four photographs shoukd be taken. Two shoud be gose-in shots of he Graes and should
be taken from of lenet two dffarant ingles. Two shauld be shots tekon Tarther away showing the
larscape (projact componants, SUrounding Rt #6c ) ang should D taken ram of Jasd two
aiferert argles).

" inchcate who wass notified of the evert, date, time, atc,

ARO057073



4367

4370

Additional Documentation Attachment to Comment 2-F1
Attachment I-3

AR057074



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

4368

4369

AR057075



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

AR057076



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

ARO057077



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

BUOW
B-0247

B-0248

ARO057078



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

B-0249

B-0250

AR057079



Additional Documentation Attachment to Comment 2-F1
Attachment |-3

CAMPO VERDE SOLAR ENERGY PROJECT

MORTALITY REPORTING FORM
Toler Mo

DATE:2/48/13 TIME: 050 7L OBSERVER:

PROXIMAL TO PROJECT COMPONENT: Thside cvurcd shocfe in 25

CARCASS POSITION

GPS COORDINATES (UTM NADS83) 11S East: 0620404 North: 2632605
BEARING (degress) to PROJECT COMPONENT: 10~ - =% a.te
DISTANCE (meters) to PROJECT COMPONENT: ' S

tgters

CARCASS DESCRIPTION

sPecieS: Vome st Rasd™

SEX (circle): M F | @ AGE (circle): ;Q J 1 Tag/Band Number:
CONDITION (circle): (intac® scavenged dismembered feather spot  injured
ESTIMATED TIME SINCE DEATH/INJURY (no. of days): ”5() 1234567 7+
CAUSE OF DEATH:

-

¥ . e =/ a [~

OBSERVABLE INJURI ES

\v"f\’*r"( o 3‘a‘-""

(g

SUBSTRATE/GROUND COVER (at carcass location):_"ard duct

DISPOSITION OF CARCASS' (circle):  Ieft in place ( Temoved D collected for trials ~ collected for
other:  Foo¢

SHIPPED TO:
[name of institution]
[physical address]
[phone/email]

WEATHER CONDITIONS

AIR TEMPERATURE (degress Fahrenheit): 10°F

PRECIPITATON (last 24 hours, circle): 9 lightrain rain heavyrain hal snow
CLOUD COVER (circle): clear mostly clear partly cloudy mostly cloudy (cloudy

AR057080




Additional Documentation Attachment to Comment 2-F1
Attachment [-3

WIND DIRECTION: /1 SPEED (mph, cirdle): (010> 1020 2080 30+ gusty

NOTES (describe noteworthy weather conditions since last search, including high wind, fog,
precipitation, and storm events):

PHOTOGRAPHS”:

CloseUp: Photo 12" 1°%%  Photo2/0” "o
Landscape: Photo 3 727221 Photo 4 /% 2.
PHOTO NOTES:

NOTIFICATION®
DATE: 3-39"3 TIME: D%1% |
NAME: "ot Q% o igtn AGENCY/ASSOCIATION: TR 0a?, L /)i omeyiod

NOTES:

' Permit required to handle bird carcasses.

2 At least four photographs should be taken. Two should be close-in shots of the carcass and should
be taken from at least two different angles. Two should be shots taken farther away showing the
landscape (project components, surrounding habitat, etc.) and should be taken from at least two
different angles).

% Indicate who was notified of the event, date, time, elc.

AR057081




IMG_9231

Additional Documentation Attachment to Comment 2-F1
Attachment I-3

IMG_9228

IMG_9230

IMG_9232

AR057082



Additional Documentation Attachment to Comment 2-F1
Attachment [-3

camomnlsommmm
uommummrom

c
DATE: JO i -13 TIME: 0654 OBSERVER: I_&'Lz._
.
PROXIMAL TO PROJECT COMPONENT: RE o PSS

alursy heed Al
CARCASS POSITION o
GPS COORDINATES (UTM NADR3) 118 Fast: Qi d 26 7 £ Nork 3424354
BEARING (degrees) 3o PROJECT COMPONENT: 430
DISTANCL (meters) 1o PROJECT COMPONENT: A0 ot

SPECIES: GeofHyges frichss (Commse de)_

cix ey MO @ ACE@nix A 1D Tag/Band Number: J/A
CONDITION (cirele). (BIa) wavesged  dismembered feather spot Idvd’ 4
zsnmmnunsmcaounmwmvmdmen 23456

CAUSE OF DEATH: i
Aakngwn

OBSERVABLE INJURIES:
_lhlc__

SUBSTRATE/GROUND COVER {ar carcuss kocotion: [N ied prad_gsd biler

nmmnonorcmass'(mkx@_mm)m collectod for trials  collected for
other:

SHEPFED TO!

[mame of institution) %
[phrysical address) A
[phone'emasi]

WEATHER CONDITIONS

AIR TEMPERATURE (degroes Fahrenheit): SI°F
PRECIPITATON (last 24 bouns, crcle). (S0ne) light rais  rain  hewvy rin  hail - soow
CLOUD COVER (eircle): (lear) mently clear panly cloody - montly closdy  cloudy

AR057083




Additional Documentation Attachment to Comment 2-F1
Attachment [-3

WIND DIRECTION: W SPEED (mph, cincie): (0100 1630 2030 30+ ey
NOTES (descride noteworthy weather conditions since last search, inchadieg bigh wind, fog.
precipitation, and siorm eventsx

.thx;d_g;.!.&,_(ﬂh.wﬁ}

Close Up:  Pheto 1 TP VHI1 paogo 210G 4
Landscape: Photo M 9335 Photo 4 JMg 796
PHOTO NOTLES:

NOTIFICATION'

DATE: 10956 TIME: 0459

NAME: fob Goldess  AGENCY/ASSOCIATION: Heofous Eovisantatil
NOTES:

' Pormit required to dandle Nrd carcasses.

* At least four photographs shoeld be taken. Two should be close-in shots of the carcass and shoud
be taken from of lemt two different mgles. Two should be shots tsken farther away showing the

landscape (peoject components, surrounding habitat, oic.) snd thogld be taken from o least two
different angles).

Y indicate who was sotified of the event, date, time, .

AR057084



IMG_4791

IMG_4793

Additional Documentation Attachment to Comment 2-F1
Attachment I-3

AR057085



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

IMG_4795

IMG_4796

AR057086



Additional Documentation Attachment to Comment 2-F1
Attachment [-3

CAMPO VERDE SOLAR ENERGY PROJECT
MORTALITY REPORTING FORM
DATE: _[[2</13 TIME: | 75 OBSERVER: p- Go | !‘Jeb-

PROXIMAL TO PROJECT COMPONENT: Pad 10 (Strveture ¢ 0>

CARCASS POSITION

GPS COORDINATES (UTM NADS3) 11S East: _ &2%22 ¢ North: 362/3Y/
BEARING (degrees) to PROJECT COMPONENT: __ ©h
DISTANCE (meters) to PROJECT COMPONENT: __ O

CARCASS DESCRIPTION

SPECIES: _Uese 1 igus ne-

SEX (circle): M F @D AGE (circle): A @U Tag/Band Number: ’6
CONDITION (circle): intact scavenged @) feather spot  injured
ESTIMATED TIME SINCE DEATH/INJURY (no. of days): @\l 234 5 6 7 Tk

CAUSE OF DEATH:
/32. I elater Clal Fe rfon c\

OBSERVABLE INJURIES:

Jeurre 8 bady
]

Y ”
SUBSTRATE/GROUND COVER (at carcass location): < bt / B o dssl

DISPOSITION OF CARCASS! (circle): Qegﬁ'place removed collected for trials collected for
other: Bayied __

SHIPPED TO:

[name of institution] I
[physical address] /
[phone/email] /
WEATHER CONDITIONS

AIR TEMPERATURE (degrees Fahrenheit): (?5’

PRECIPITATON (last 24 hours, circle): Cnoite light rain rain heavyrain hail snow

CLOUD COVER (circle): /c/li?ar, mostly clear partly cloudy mostly cloudy cloudy
N




Additional Documentation Attachment to Comment 2-F1

AR057088




Additional Documentation Attachment to Co.mment 2-F1
Attachment [-3

WIND DIRECTION: [«) SPEED (mph, circle): (0-10  10-20 2030 30+ gusty

NOTES (describe noteworthy weather conditions since last search, including high wind, fog,
precipitation, and storm events):

PHOTOGRAPHS:

Close Up: Photo 1 i‘ 3 Photo 2

Landscape: Photo 3 Photo 4
PHOTO NOTES:

NOTIFICATION®:
DATE: 4/28/? TIME:

NAME: kv IMarsdte AGENCY/ASSOCIATION: '~
} fle "'.(’h‘t_(r‘ fi '\;’va‘“,? ¢ /,/ I~
NOTES:

! Permit required to handle bird carcasses.

? At least four photographs should be taken. Two should be close-in shots of the carcass and should
be taken from at least two different angles. Two should be shots taken farther away showing the
landscape (project components, surrounding habitat, etc.) and should be taken from at least two
different angles).

3 Indicate who was notified of the event, date, time, etc.




Additional Documentation Attachment to Comment 2-F1
Attachment I-3

CAMPO VERDE SOLAR ENERGY PROJECT
MORTALITY REPORTING FORM
DATE: 6‘}1 'S TIME: _[4HO OBSERVER: S. Yenco

PROXIMAL TO PROJECT COMPONENT: _(52 ﬂLTL occess D ,

CARCASS POSITION

GPS COORDINATES (UTM NAD83) 11S Eagt: 620Z5¥X North: 342 | 216
BEARING (degress) to PROJECT COMPONENT: /A [f‘/x
DISTANCE (meters) to PROJECT COMPONENT: (D

CARCASS DESCRIPTION
SPECIES: Fled i \ed Norimed) \1'@-@3 ’

SEX rde): M F (U~ AGE(irde; (A)J U  TagBand Number: 1A |9
CONDITION (circle): @a:@ scavenged dismembered feather spot  injured
ESTIMATED TIME SINCE DEATH/INJURY (no.of days): (511 2 3 4 5 6 7 7+

CAUSE OF DEATH:
Noowed covdata tntue b W)
VX U \J Cjw

OBSERVABLE INJURIES: ) !
VL«—») [araes ; 1{,,4_ LL \(@‘ N DA o
N\

SUBSTRATE/GROUND COVER (at carcass location): IC@W\{MCLL—) S{.{wé

DISPOSITION OF CARCASS' (circle): left inplace removed coilectedfortrial@
other: {Zo~5]:>1ﬂ(. LA

SHIPPED TO:

[name of institution] _&wic l,-mq b : ;-v:,«:"-“.‘{“m. % na C =LA
[physical address] q

[phone/emalil]

WEATHER CONDITIONS

AIR TEMPERATURE (degress Fahrenheit): 50~ (

PRECIPITATON (last 24 hours, circle): @ lightrain rain heavy rain hail snow
CLOUD COVER(circie):CE[éEP mostly clear partly cloudy mostly cloudy cloudy

AR057090



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

WIND DIRECTION: M SPEED (mph, circle): 0-10' 10-20 20-30 30+ gudy

NOTES (describe noteworthy weather conditions since last search, including high wind, fog,
precipitation, and storm events):

PHOTOGRAPHS

CloseUp: Photo1 Z&  Photo2 £
Landscape: Photo 3_%2 _ Photo4 >\
PHOTO NOTES:

NOTIFICATION?®*

DATE: S [2)3TIME: 14US
NAME: Y4, Gt théoch«\ AGENCY/ASSOCIATION: _EGL /Huf’wﬁfg
IJ(

NOTES: ,
Lecabod 1 ommeds \eL QD\L“"“"‘“M ’Qu‘w’uag AO\?&]’?{LYW“’\‘X'RV} Crudeed
’QAU uML( “f‘(uLV\ U (7L

. Lok aottied 9. éoallt& <Y )k BUA L(CDFLU

! Permit required to handle bird carcasses.

# At least four photographs should be taken. Two should be close-in shots of the carcass and should
be taken from at least two different angles. Two should be shots taken farther away showing the
landscape (project components, surrounding habitat, etc.) and should be taken from at least two
different angles).

® Indicate who was notified of the event, date, time, ec,
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CAMPO VERDE SOLAR ENERGY PROJECT

‘ MORTALITY REPORTING FORM
DATE: S lbfl 13 TiME: 12730 OBSERVER: & Hewnco

PROXIMAL TO PROJECT COMPONENT: 1| O crceas aoi< b @ﬂ,ﬁ-»}w S S

CARCASS POSITION

GPS COORDINATES (UTM NADS3) 11S East: 419 8467 North: 26272 212~
BEARING (degrees) to PROJECT COMPONENT: __in | &
DISTANGE (meters) to PROJECT COMPONENT: _ (D

CARCASS DESCRIPTION

SPECIES: M';hrafwu.afé, o -

SEX (irdle): M F @ AGE (circle): @)J U  Tag/Band Number: i\ «c\
CONDITION (circle): intact (Scavenged ismembereth feather spot _injured

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): >1 1 2{?% 7+

CAUSE OF DEATH:
umeWn _

OBSERVABLE INJURIES: : L
\ﬂp)@ Mi:}nr \frmHLn pece mt) >(“r"'\wnrr(> = Iu\”’% “‘{“ M<etlS

(\?64‘5\191‘/\ lomuui/\¥ 31; r"b m:‘A o {-(A.\ Uu ‘CLV‘C;.OS/(/ ,Dh:b‘c\%'z}r

SUBST RATE/GHOUND COVER (at carcass location): ’P'—’\c‘/fﬂ) :’panc) /-9 :l¥ (fbc\asl
DISPOSITION OF CARCASS' (cirdle): {ettinpiace removed collected for trials ~oollected for
@ MOva e aﬂq (e} (sfw:; A€ L MTTS Tbn %’biﬁwxwl_&"‘e b D)
SHIPPED TO: )
[name of institution] _\ rj 3
[physical address]
[phone/emalil]

J

WEATHER CONDITIONS

AIR TEMPERATURE (degrees Fahrenheit): “{ | gl

PRECIPITATON (last 24 hours, circle): ores light rain rain  heavy rain  hail - snow
CLOUD COVER (circle): mostly clear partly cloudy mostly cloudy cloudy
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Photo 32

Photo 33
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Photo 34

Photo 35
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WIND DIRECTION: (WM I/ SPEED (mph, circle) 10-20 20-30 30+ gusty
NOTES (describe noteworthy weather conditions since last search, including high wind, fog,
precipitation, and storm events):

I g

PHOTOGRAPHS*

CloseUp: Photo1_2Z  Photo2__3%
Landscape: Photo3 2“(__ Photo4_% 5
PHOTO NOTES:

NOTIFICATION®:

DATE 5|4 TIME: 245

NAME: P. .ol AGENCY/ASSOCIATION: Hm{%% el

NOTES: \ {
%2‘6‘ ol LC:) 1014 { {,‘fﬂmg—nﬁ"u{ﬁ.":l‘-b\ F i {"{q_,..ﬂ'-; -wb..w En“i*f'vj' AL Gt £ ] i(( e
i (-;\ it I 7l T/
. \ If L . G I :
Y PV N LM 2 @hf} R it W L A W7 - S Lt

J [

2}
3
ML

i.*jq- 11‘ T sl « a_}! i\ﬂ {: Tj} “‘: i;_.ﬂ,j :y'i i3 ﬂj T:;'{«‘M%

! Permit required to handle bird carcasses.

2 At least four photographs should be taken. Two should be close-in shots of the carcass and should
be taken from at least two different angles. Two should be shots taken farther away showing the
landscape (project components, surrounding habitat, etc.) and should be taken from at leagt two
different angles).

? Indicate who was notified of the event, date, time, etc,
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CAMPO YERDE SOLAR ENERGY PROJECT

MORTALITY REPORTING FORM

'}

Attachment I-3

DATE: 3/13/ 13 TIME: [ HT OBSERVER: (one? [21 AnCHET

PROXIMAL TO PROJECT COMPONENT: _i NIl

CARCASS POSITION

GPS COORDINATES (UTM NADS3) 115 East: (719 3 (-

O

BEARING (degrees) to PROJECT COMPONENT: (O

DISTANCE (meters) to PROJECT COMPONENT; 2.5 v

CARCASS DESCRIPTION

SPECIES: Deserd Coffpudn) 1 Svlve

SEX (circlel: M F &)  AGE (circle): ~ A d':IU
CONDITION (circle): intact  scavenged  dismembered

£ i

OF Spae

G

Tag/Band Number:
I

feather spot

jured

North: 36232 3¢,

BLL wriHme (Do

|-i-‘_'“

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): @ 12345677+

CAUSE OF DEATH:
CevsHing i
OBSERVABLE INJURIES:
Bostin & - PELNTER [MINEIET

SUBSTRATE/GROUND COVER (at carcass location).__ (L €APED  (Wfo v r«lD/f\rE:}_

DISPOSITION OF CARCASS' (circle): (leftin place removed collected for trals  collected for

other:

SHIPPED TO:

[name of institution)

[physical address]

[phone/email |

WEATHER CONDITIONS
AIR TEMPERATURE (degrees Fahrenheit): & 4 ©

PRECIPITATON (last 24 hours, circle): é;;g light rain  rain  heavy rain  hail  snow
CLOUD COVER (circle): mux!l}r clear parly cloudy mostly cloudy  cloudy
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-__r_':
WIND DIRECTION: S SPEED (mph, eircle): @_LE 1020 2030 30+ gusty

NOTES (describe noteworthy weather conditions since last search, including high wind, fog,
precipitation, and storm events):

PHOTOGRAPHS':

Close Up: Photo 1/03-01173 Photo 2 [03-DiI3
Landscape: Photo 3p2-01]1+] Photo4 [p3-0115
PHOTO MOTES:

_ Tacen w1 G CAMEER

NOTIFICATION®:

DATE: TIME:

NAME: AGENCY/ASSOCIATION:
NOTES:

L . 5 5
Permit required to handle bird carcasses.

? Al least lour photographs should be taken. Two should be close-in shots of the carcass and should
be taken from at least two different angles. Two should he shots taken farther away showing the
landscape (project components, surrounding habitat, etc.) and should be taken from at least two
different angles).

* Indicate who was notified of the event, date, time, elc.
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Photo 1. 102-0112. Close Up
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Photo 2. 102-0113. Close Up
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Photo 3. 102-0114. Distance
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Photo 4. 102-0115. Distance
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CAMPO VERDE SOLAR ENERGY PROJECT
MORTALITY REPORTING FORM

DATE: 3//13  TIME: |42y OBSERVER: ch.-,wg BimnmcHeT

PROXIMAL TO PROJECT COMPONENT: _’f_ SSOuTHT

CARCASS POSITION

GPS COORDINATES (UTM NADS83) 118 Fast: 061476 © North: 32 3 10 L]
BEARING (degrees).to PROJECT COMPONENT: € (¢
DISTANCE (meters) to PROJECT COMPONENT: 70 rv,

—

CARCASS DESCRIPTION { ,
[ ; *

SPECIES:  [ecevt rof fone e sudp ] Tuwo 19DhBVALS, [ReTH L\:"f"-’f" "'"‘“’",
i R S SAME [OCATOMN, < DCm ARARY
SEX (circle: M F @ AGE (circie): ALJ) U Tag}'Ban% Num‘ber:

CONDITION (circle): Sn scavenged dismembered feather spot  injured
ESTIMATED TIME SINCE DEATH/INIURY (no. of days): @ 12343567 7+
CAUSE OF DEATH:

Unesgenmind L

OBSERVABLE INJURIES:
Newe

f P
SUBSTRATE/GROUND COVER (ar carcass location): (i FEpl S Pasn D g

DISPOSITION OF CARCASS' (circle): @m placé removed collected for trials  collected for
other: i

SHIPPED TO:

[name of mstitution)|
[physical address)

[phonefemail]

WEATHER CONDITIONS .

AIR TEMPERATURE (degrees Fahrenheit): %"'_ﬂ

PRECIPITATON (last 24 hours, circle): @p lightrain rain heavyrain hail snow
CLOUD COVER (circle): @ mostly clear  partly cloudy mostly cloudy  cloudy

AR057102



Additional Documentation Attachment to Comment 2-F1
Attachment [-3

WIND DIRECTION: S SPEED (mph, circle): (0-10/ 1020 2030 30+  gusty

NOTES (describe noteworthy weather conditions since last search, including high wind, fog,
precipitation, and storm events):

p——,

PHOTOGRAPHS
Close Up: Photo 1 | ©3 -6 Photo 2 |22~ 011 [,

W

Landscape: Photo 3 [22-0); Photo 4 [23- &1 F
PHOTO NOTES:
Toren wigd Grace  CAMERH

NOTIFICATION:

DATE: TIME:

NAME: - AGENCY/ASSOCIATION: o
NOTES:

! Permit required to handle bird carcasses.

* At least four photographs should be taken. Two should be close-in shots of the carcass and should
he taken from at least two different angles, Two should be shots taken farther away showing the
landscape (project components, surrounding habitat, ete.) and should be taken from at least two
different angles).

¥ Indicate who was notified of the event, date, time, ete.
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o

hoto 1. 2-01. Close up
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Photo 2. 102-0116. Close up.
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Photo 3.102-0111 Distance.
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S N SN AN A LT PR R P | T v g e

N \\ Semegaings) X X AR VAL L TV L 1 Ly "
2 BN DN \‘;'\ ARNSHER R R (it iUf Y

{

03/12/201§ 16:02

Photo 4. 102-0117 Distance.
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DEPARTMENT OF THE INTERIOR

.8, TR T )
FIE & WILOLIFE US FISH AND WILDLIFE SERVICT
BERVICK

2 AUTHORITY-STATUTES
16 USC 703-712

FEDERAL FISH AND WILDLIFE PERMIT

REGULATIONS
50 CFR Past 13
SOCFR 2127

L PERMITTEL

CAMPO VERDIE SOLAR LLC
600 NORTH I8TH STREET
BIRMINGHAM, AL 35203

|
J.S.A. 3. NUMBER
usA MB25086B-0

4 RENEWABLE [ s mAY cory
rXJ YES r,]\'r-s

NO f NO

6. EFFECTIVI 7. EXPIRES
09/12/2014 | 03/12/2017

8. NAME AND TITLE OF PRINCIPAL OFFICER (If /1 ix o business) | o 1vpE OF PERMIT

SUSAN B. COMENSKY
EXTERNAL AND REGULATORY AFFAIRS

MIGRATORY BIRD SPECIAL PURPOSE UTILITY PERMIT - SOLAR

‘10 LOCATION WHERE AUTHORIZED AC TIVITY MAY BE CONDUCTED

Records Location: 1148 Liebert Road El Centro, CA 92243
Carcasses Collection Location: 11S E 620265 N 3622752
Carcasses Stored: 160! Drew Road, Unit 16 E| Centro, CA 92243

L1. CONDITIONS AND AUTHORIZATIONS
A GENERAL CONDITIONS SET OUT IN SUBPART D OF 50 CER 13 AND SPECIFIC CONDUTIONS CONTAINED IN FEDERAL REGULATIONS CITED IN BLOCK #2 ABOVE, ARE HEREBY
MADE A PART OF THIS PERMIT. ALL ACTIVITIES AUTI {ORIZED HEREIN MUST BIE CARRIED OUT IN ACCORD WITH AND FOR THE PURPOSES DESCRIBED IN THE APPLICATION

SUBMITTED. CONTINUED VALIDITY, OR RENEWAL. OF THIS PERMIT IS SUBJECT 10 COMPLETE AND TIMELY COMPLIANCE WITH ALL APPLICABLE CONDITIONS, INCLUDING THI:
FILING OF ALL REQUIRED INFORMATION AND RIEPORTS

B. THE VALIDITY OF THIS PERMIT IS ALSO CONDITIONED UPON STRICT OBSERVANCE OF ALL APPLICABLE FORE IGN, STATE, LOCAL, TRIBAL, OR OTHER FEDERAL LAW.

C. VALID FOR USE BY PERMITTEE NAMED ABOVE

Rodriguez, 909-945-3294.

D. Possession and transport.

This permit does not supersede any State Requirements. You are responsible for ensuring that you are in compliance with
all State laws, including but not limited to California Fish and Game Code 3511 (fully protected species) 3503.5 and 3513.
For additional information on State requirements please contact: California Department of Fish and Wildlife, Magdalena

1) You and subpermittees are authorized to handle, collect, transport and temporarily possess carcasses and partial
remains of birds protected under the Migratory Bird Treaty Act, except Bald Eagles and Golden Eagles (Eagles)
and species listed as Threatened or Endangered under the U.S Endangered Species Act (see 50 CFR § 17.11),
found at the location/property specified in Block 10 for monitoring bird mortality associated with operation of the
solar facility. To accurately determine species fatality rates, the monitoring study must include standardized carcass
searches, searcher efficiency trials, and carcass removal by scavenger trials. For Eagles and federally listed
Threatened or Endangered Species you must call a U.S. Fish and Wildlife Service (Service), Office of Law
Enforcement (OLE) special agent for instructions and approval before collecting or moving the carcass or its parts.
It may be necessary to preserve the carcass or its parts onsite until an agent or other Service or State representative

[ J ADDITIONAL CONIDITIONS AND AUTHORIZATIONS ALSO APPLY

12 REPORTING REQUIREMENTS
ANNUAL REPORT DUE: 01/31

You must submit an annual report to your Regional Migratory Bird Permit Office
each year, even if you had no activity. Form: www.fws.gov/forms/3-202-17.pdf.

ISSUED BY TITLE DATE

\ 5 Q g s g MIGRATORY BIRD PERMIT SPECIALIST , 09/11/2014
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2)

3)

arrives to collect it. Your OLE point-of-contact is Resident Agent Erin Dean, email: ecrin_dean@fws.gov ,
phone: 310-328-1516

Except for take caused by your infrastructure and operations, you may not collect or disturb and must immediately

report to OLL any dead migratory birds that appear to have been poisoned, shot, or otherwise killed or injured as the
result of potential criminal activity.

With prior approval from your Migratory Bird Permit Office, you are authorized to receive lawfully acquired
carcasses and parts to use for standardized carcass searches, searcher efficiency trials, and carcass removal by
scavenger trials from federally permitted rehabilitation centers or other lawful sources. You must maintain records
of all acquisitions, including source (name of permittee and permit number), species, description (carcass or type of’
part), date of receipt, and final disposition.

E. Data Collection.

Mortality monitoring data should be compiled in the attached Excel spreadsheet and submitted to the Service on a
monthly basis until directed differently by permit official. It includes but is not limited to the collection of the
following information:

1) All relevant and applicable data associated with each carcass or part collection, or injured bird, should be
recorded, including the information below. Required data are designated with an asterisk (*).

a) discovery date*

b) collection date*

c) species*

d) sex and age (juvenile/adult), if known

e) condition of bird (alive or dead) *

f) condition of carcass (entire, partial, scavenged)*

g) description of carcass (e.g., intact, feather spot, headless, wing sheared, blood in mouth,
entanglement)*

h) interval since last search*

i) observer*

J)  search method used, including opportunistic discovery of carcasses*

k) weather conditions at likely time of death, if known*

1) identifying information for the infrastructure element, e.g. solar panel, evaporation pond, fencing,
building

m) the GPS coordinates in decimal degrees for the location where carcass/part found*

n) ground distance of carcass from pole, line, panel, or other structure (e.g pond or building)

0) azimuth of carcass from solar panel or infrastructure (including GPS coordinates in decimal
degrees), if known

p) apparent cause of mortality/injury (collision, electrocution, drowned, other) *

q) estimated date of mortality or estimate of time since death (e.g., <l day, | day, 2-3 days)*

r) habitat surrounding carcass (e.g., desert, grassland, rural, urban, cropland, bare ground, tall grass)

s) information on carcass or injured bird disposition*

t) any special notes or additional information

2) All carcasses and partial remains that are collected should be digitally photographed, bagged, and labeled with
the following information:
1) date collected
2) aunique specimen number
3) the information listed in E(1)(l and m) above
4) facility name
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3) Migratory birds, other than Eagles and federally listed Threatened or Endangered Species, may be used for
scarcher efficiency trials and carcass removal trials AFTER a mortality report has been submitted to Regional
Migratory Bird Permit Office per condition H(1)(e) documenting their death, all data collected in condition E(2),
and the unique specimen number assigned to that carcass in condition E(3) above.

F. Injured birds. Injured migratory birds, including eagles and federally listed threatened or endangered species,
must be transferred to a federally permitted migratory bird rehabilitator or a licensed veterinarian for care.
Rehabilitation and/or veterinary costs are the utility's responsibility. See condition H for reporting instructions.

G. Take and collection of live, non-injured migratory birds, eggs, or nests is not authorized by this permit. In
addition, this permit does not authorize the take, capture, harassment or disturbance of eagles or federally listed
endangered or threatened species (scc 50 CFR 17.11)

H. Reporting.
1) You must report bird injuries and deaths in accordance with the time frames specified below (a-c).

a.

A list of Threatened and Endangered species by State may be found in the Service's Threatened and Endangered
Species System (TESS) database at: <htp.//www.fws.gov/endangered=>.

C.

2) You must submit an Annual Report of dead and injured birds, including Eagles and Threatened and
Endangered Species, discovered and/or collected to your Migratory Bird Permit Office by January 31 following
each calendar year in which the permit is in effect. Your written annual report is due by 1/31/14. The traditional
report form 3-202-17 is available at < hup://www.fws.gov/forms/3-202-17.pdf>. Please submit a Special Purpose

You must submit a written report of avian mortality and injury monthly to OLE, the Regional Migratory
Bird Permit Office (RMBPO), the Ecological Service's Field Office (Field Office) and California
Department of Fish and Wildlife (CDFW). Your report must include as much of the data listed in condition
E above that is available for each incident. In addition, we request that you voluntarily report bat injury and
mortality information.

* OLE SA: Your OLE point-of-contact is Resident Agent Erin Dean, (erin_dean@fws.gov , phone
310-328-1516)

* RMBPO: Heather Beeler (heather beeler@fws.gov, phone: 916-414-6651)
* Field Office- Palm Springs: Pete Sorensen (pete_Sorensen@fws.gov, phone: 760-431-9440 x293)

¢ CDFW: Email to Armand Gonzales (Armand.Gonzales@wildlife.ca.gov), and Justin Garcia,
(Justin.Garcia@wildlife.ca.gov )

In addition to the monthly reports, you must report any bald eagle or golden eagle or threatened or
endangered species found dead or injured to the OLE and each contact listed in H(1)(a) immediately if
possible, but no later than 24 hours after discovery. Your report must include as much of the information
from condition E that is available for each incident. A written mortality or injury report specific to the
eagle or listed species must be submitted to all contacts listed in condition H(1)(a), to include the data in
condition E, no later than one week (7 days) from the date of discovery of the carcass.

In the event that you discover 6 or more migratory birds that have been injured or killed within a 24 hour
period, you must report the event to RMBPO and the Field Office listed in condition H(1)(a) above
immediately if possible, but no later than the next business day. This summary must list the number of
events by species. Within 14 days of carcass/injury discovery, a written mortality or injury report specific to
the incident must be submitted to your FWS contacts, and should include as much of the data in E above as
possible. This reporting requirement is intended to inform the Service of events or other variables that may
have contributed to the mortality event.
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Utility Excel Data Sheet we provided in lieu of using form 3-202-17. All of the information requested on the 3-202-
I'7 form, including the signed certification statement, must be included.

I. Disposition of Carcasses and Parts.

I) In accordance with Condition D(1) above, the Service will advise you on disposition of Eagles and federally listed
Threatened or Endangered Species specimens. The special agent will advise if they will recover an eagle
carcass or i’ you need to ship the carcass to the Service. With PRIOR written authorization from an OLE special
agent, you may contact the U.S. Fish and Wildlife Service, National Eagle and Wildlife Property Repository
(NER) at (303) 287-2110 for shipping instructions. The written authorization from the special agent must
accompany the Eagle if it is shipped to the NER. Disposition must be reported in your annual report to your
migratory bird permit issuing office.

2) Unless otherwise specified in this permit, Migratory Bird carcasses and parts (other than Eagles and federally
listed Threatened or Endangered Species) collected during the calendar year (ending Dec 31) that have been
documented in your records must be stored in the freezer at the facilities at the location specified in Block 10 until
January 15 of the following year in which they were collected. Unless otherwise specified by your migratory bird
permit issuing office or OLE, after January 15 and after your annual report has been submitted to the migratory
bird permit issuing office (due January 31), carcasses and parts may be:

(a) used for searcher efficiency and scavenger removal trials; provided carcasses used in trials have been
reported to the Service prior to use as outlined in Condition F and I(1)(c) above;

(b) turned over to the State wildlife agency for official purposes, or,

(¢) donated to a public scientific or educational institution or to an individual or entity authorized by Federal
permit to acquire and possess migratory bird specimens.

After all permit requirements have been met, carcasses and parts (except Eagles and federally listed Threatened or
Endangered species) that you do not transfer to another authorized party must be disposed of by burial or incineration.

J. Renewal. In addition to an updated monitoring protocol, any request for renewal of this permit must include
information on the fatality rates of affected species or fatality patterns, analysis of those rates/patterns, whether any
adjustments or measures were taken to avoid or minimize mortalities, and if so, any preliminary results of those
modifications.

K. Subpermittees. Any person who is employed by or under contract to the permittee for the activities specified in this
permit, or is otherwise designated as a subpermittee in writing by the permittee may exercise the authority of this permit.

L. Standard Conditions. You and any subpermittees must comply with the attached Standard Conditions for
Migratory Bird Special Purpose Utility Salvage Permits. These standard conditions are a continuation of your
permit conditions and must remain with your permit.

This permit does not supersede any State Requirements. You are responsible for ensuring that you are in compliance with
all State laws, including but not limited to California Fish and Game Code 351 | (fully protected species) 3503.5 and 3513.
For additional information on State requirements please contact: California Department of Fish and Wildlife, Deborah
Hawk, 760-872-1126.

This permit does not, nor shall it be construed to, authorize lethal take or injury of migratory birds or limit or preclude the
U.S. Fish and Wildlife Service from exercising its authority under any law, statute, or regulation, or from taking
enforcement action against any individual, company, or agency. This permit is not intended to relieve any individual,

company, or agency of its obligations to comply with any applicable Federal, State, Tribal, or local law, statute, or
regulation.
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This permit may be amended at any time in response to changes in national guidance or take reported.

Attachment A. Standard Conditions

Migratory Bird Special Purpose
Utility Salvage Permits
50 CFR 21.27

All of the provisions and conditions of the governing regulations at 50 CFR part 13 and 50 CFR 21.27 are conditions of
your permit. Failure to comply with the conditions of your permit could be cause for suspension of the permit. The
standard conditions below are a continuation of your permit conditions and must remain with your permit. If you have any
questions regarding these conditions, refer to the regulations or, if necessary, contact your migratory bird permit issuing
office. For copies of the regulations and forms, or to obtain contact information for your issuing office, visit:

http://www fws.gov/migratorybirds/mbpermits.html.

1. Personal use. This permit does not authorize personal use of any migratory birds, parts, nests or eggs salvaged,
transported, or temporarily possessed under the authority of this permit.

2. Banded Birds (carcasses collected and injured birds) must be reported to the U.S. Geological Survey Bird Banding
Laboratory at 1-800-327-2263 or htip:/iwww.reportband.gov. Information provided must include, as accurately as possible,
species of bird, band number, date recovered, recovery location, and name and contact information of the person who
recovered the carcass or bird.

3. Subpermittees. A subpermittee is an individual to whom you have provided written authorization to conduct some or all
of the permitted activities in your absence. Subpermittees must be at least 18 years of age. As the permittee, you are legally
responsible for ensuring that anyone conducting activities under your permit is adequately trained and adheres to the terms
of your permit. You are responsible for maintaining current records of who you have designated as a subpermittee,
including copies of designation letters you have provided.

4. Carrying your permit. You and any subpermittees must carry a legible copy of this permit and display it upon request
of any duly authorized federal, state or tribal officer whenever exercising its authority. Subpermittees must also carry your
written subpermittee designation letter.

5. Records. You must maintain complete and accurate records of the activities conducted and the data collected under this
permit. You must keep all required records and collected wildlife parts relating to permitted activities at the location you
identified in writing to the migratory bird permit issuing office. (50 CFR 13.46 and 21.27)

6. Site inspections. Acceptance of this permit authorizes the Director's agent to enter the utility property at any reasonable
hour as necessary to inspect the wildlife, records, facilities, property, and associated infrastructure for wildlife impacted by
the utility, and for compliance with the terms of this permit and governing regulations. (50 CFR 13.47)

7. Applicable laws. You may not conduct the activities authorized by this permit if doing so would violate the laws of the
applicable State, county, municipal or tribal government or any other applicable law.

8. Other permissions. This permit does not authorize salvage of specimens on Federal, State, tribal, or other public or
private property without additional prior written permits or permission from the agency/landowner/custodian.
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Memo

To: Magdalena Rodriguez (CDFG)
From: Stephen Blackwell, Senior Biologist (UltraSystems)
CC: Daniel Steward (BLM), Sharon Tyson (BLM), Pete Sorenson (USFWS),
and Patricia Valenzuela (Imperial County)
Date: 11/22/2011
Re: Imperial Solar Energy Center (ISEC) South - Burrowing Owl (BUOW) Mortality

On November 20, 2011 UltraSystems biologists conducted another 30-day Preconstruction Burrowing
Owl Survey at the Imperial Solar Energy Center South (ISEC South) project, due to construction delays. A
second preconstruction survey is necessary to meet 30-day permit requirements. This preconstruction
survey was completed by UltraSystems biologists James Castle (Designated Biologist) and Charlene
Burge (biological Monitor), in coordination with Marie Barrett (biological specialist) of Barrett Biological
Services.

During the second round of pre-construction surveys (11/20/2011), one BUOW mortality was observed
by the biologists on the northern edge of the project site. The mortality was located along a minor
agricultural road. No evidence except feathers were present (See photo below). No determination as to
cause of mortality was made by the biologists. The adjacent agricultural fields have been recently
cultivated, where field equipment had turned up the edges into an unlined, shallow drainage ditch.

It should be noted that no mobilization has occurred on the ISEC South project site; therefore, no
equipment is onsite.

An amended letter report for this most recent BUOW Preconstruction Survey is forthcoming, and will be
sent to the agencies and Imperial County as soon as possible.

In addition to the wildlife species previously reported during the first 30-day Preconstruction Survey,
four new raptor species, two songbird species, one fisher, and two game bird species were observed by
the biologists, during this second survey.

The species include: Sharp-shinned Hawk, Peregrine Falcon, Ferruginous Hawk, Osprey, Verdin, King
Fisher, Savannah Sparrow, Snow Goose and Canadian Goose.

Should you have any questions, please contact me at (949) 788-4900.

Stephen Blackwell
Senior Biologist

5718 - ISEC South Page 1
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BUOW Kill - with Feather Remnants, observed on November 20, 2011.

GPS Coordinates: +32.67201, -15.65852 (+/- 13 feet)

Elevation: -30 feet
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Memo

To: Magdalena Rodriguez, California Department of Fish and Game
From: Stephen Blackwell, Senior Biologist
cc: Daniel Steward, Bureau of Land Management

Sharon Tyson, Bureau of Land Management

Pete Sorenson, U.S. Fish and Wildlife Service

Patricia Valenzuela, Imperial County Planning Department

Date: 11/30/2011

Re: Imperial Solar Energy Center (ISEC) South - Burrowing Owl (BUOW) Mortality

On November 27, 2011 the project Designated Biologist, Jim Castle (UltraSystems) was notified of a
BUOW mortality at the ISEC South project by site security personnel. The mortality was discovered along
a minor agricultural road. An assessment was completed by UltraSystems’ biologist Michael Crouse
(biological monitor) that included locating the discovery using GPS coordinates, and taking photographs.
No determination as to cause of mortality could be ascertained by Mr. Crouse.

[t should be noted that construction at ISEC South has not begun. Mobilization is expected to occur on or
about December 6, 2011.

Should you have any questions, please contact me at (949) 788-4900.

5718 - ISEC South Page 1
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BUOW Mortality - observed on November 27, 2011.

GPS Coordinates: 32°N 39.868 minutes, 115°W 39.424 minutes (road along central agricultural area).
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PREFACE

The California Energy Commission Public Interest Energy Research (PIER) Program supports
public interest energy research and development that will help improve the quality of life in
California by bringing environmentally safe, affordable, and reliable energy services and
products to the marketplace.

The PIER Program conducts public interest research, development, and demonstration (RD&D)
projects to benefit California.

The PIER Program strives to conduct the most promising public interest energy research by
partnering with RD&D entities, including individuals, businesses, utilities, and public or
private research institutions.

PIER funding efforts are focused on the following RD&D program areas:
e Buildings End-Use Energy Efficiency
e Energy Innovations Small Grants
e Energy-Related Environmental Research
e Energy Systems Integration
e Environmentally Preferred Advanced Generation
e Industrial/Agricultural/Water End-Use Energy Efficiency
¢ Renewable Energy Technologies

e Transportation

Improving Methods for Estimating Fatality of Birds and Bats at Wind Energy Facilities is the final
report for the Energy Commission, Project Award Number PIR-08-028, conducted by California
Wind Energy Association (CalWEA). The information from this project contributes to PIER’s
Energy-Related Environmental Research Program.

For more information about the PIER Program, please visit the Energy Commission’s website at
www.energy.ca.gov/research/ or contact the Energy Commission at 916-654-4878.

ii
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ABSTRACT

The California Wind Energy Association (CalWEA) evaluated the procedures in the California
Guidelines for Reducing Impacts to Birds and Bats from Wind Energy Development (the Guidelines)
for estimating fatality of birds and bats associated with wind energy facilities. The research
sought to improve the accuracy of methods for estimating the number of bird and bat fatalities
by evaluating the effect of time dependency on the probability of scavenging and removal of
bird and bat carcasses (carcass persistence) and detection by searchers (searcher proficiency).

Researchers used data collected from the Altamont Pass Wind Resource Area from January 7 to
April 30, 2011, to calculate traditional carcass persistence and searcher proficiency functions and
to create new functions in which searcher proficiency and carcass persistence are modeled as a
function of time and carcass age. This study is the first to document quantitatively that searcher
proficiency and carcass persistence are time-based processes. The report offers lessons and
implications for experimental designs and the field monitoring recommendations provided in
the Guidelines.

The study also investigated the fatality estimation equation provided in the Guidelines and
three other prominent equations from the literature that are used to adjust fatality observations
for searcher proficiency and carcass persistence. The report examines both the common and
equation-specific assumptions inherent in these fatality estimators, evaluates them in light of
data from the field experiment, and finds that each of the fatality estimation equations can
result in positive or negative bias, depending on the length of search interval relative to carcass
persistence time. A new equation incorporating carcass persistence from one search interval to
the next is proposed. This project will help reduce conflict in the siting process and make sound
wind project permitting decisions easier by improving the accuracy of fatality estimates and the
ability to accurately compare them with those from other wind facilities.

Keyw ords: Estimation methods, birds and bats, wind energy facilities, time dependence,
searcher proficiency, carcass persistence, monitoring design, equations, statistical bias

Please use the following citation for this report:

Warren-Hicks, William, James Newman, Robert Wolpert, Brian Karas, Loan Tran. (California
Wind Energy Association.) 2013. Improving Methods for Estimating Fatality of Birds
and Bats at Wind Energy Facilities. California Energy Commission. Publication
Number: CEC-500-2012-086.
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EXECUTIVE SUMMARY

Introduction

Wind energy holds great promise as a clean, renewable energy resource, provided that siting
and development can reasonably avoid or reduce impacts on already stressed wildlife
resources. In 2007, the California Energy Commission and California Department of Fish and
Game released California Guidelines for Reducing Impacts to Birds and Bats from Wind Energy
Development (the Guidelines) to provide recommended procedures for assessing and
minimizing impacts from wind energy development on birds and bats. The Guidelines provide
an equation, attributed to Dr. Kenneth Pollock of North Carolina State University, that estimates
the true number of fatalities at the wind facility from the number of bird or bat carcasses
visually observed during a monitoring survey. The equation corrects for the inability of a
searcher to locate all carcasses on the survey plot at the time of observation (searcher
proficiency), and for the probability of removal by scavengers (such as crows and coyotes) or
other processes before the time of observation (carcass persistence).

The California Wind Energy Association (CalWEA) rigorously evaluated the methods and
procedures proposed by the Energy Commission for estimating the true number of fatalities of
birds and bats (including the equation in the Guidelines) associated with collisions with wind
turbines in California.

Purpose

This project sought to improve the accuracy of methods for estimating the number of bird and
bat fatalities at wind energy facilities.

This report describes the sites selected for study, the experimental design for evaluating and
testing approaches for estimating the true bird and bat fatalities at a wind facility from
observational evidence of collision mortality, and the data collection procedures. This report
also looks at the fatality estimation equation provided in the Guidelines and at three other
prominent equations from the literature that are used to adjust mortality observations (hereafter
referred to by their respective authors: Erickson & Johnson, Shoenfeld, and Huso). It examines
the assumptions common to all four estimation equations as well as those assumptions specific
to each. It then evaluates the validity of the assumptions with data from the field experiment,
given various field conditions, and fatality observation parameters. Based on the field study
findings and a thorough analysis of assumptions underlying the published equations, this
report offers lessons and implications for experimental designs and the field monitoring
recommendations provided in the Guidelines.

Objectives and Findings

The project was designed to meet the following objectives:

e  Refine and test experimental designs, under representative actual field conditions, that
accurately generate site-specific data for estimating survey error rates.
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e  Rigorously evaluate the ability of various equations to accurately estimate fatalities of
birds and bats at a variety of wind energy facilities within California.

The Field Study: Design and Findings

CalWEA rigorously designed and implemented a field survey to collect site-specific data under
a variety of environmental conditions. Researchers obtained bird and bat carcasses from various
labs and agencies and placed them at selected locations within the Altamont Pass Wind
Resource Area near Livermore, California. Over periods of up to 60 days, independent and
experienced biologists without prior knowledge of carcass placements searched strings of
turbines weekly and recorded the location of marked bird and bat carcasses that project field
managers had placed in the study area, as well as carcasses not associated with the study.
Project field managers recorded the movement and removal of trial bird and bat carcasses
roughly every three days during the study when trial birds and bats were on the ground, so
that the true number and location of the trial carcasses were known. Consistent with current
practice, it was assumed that carcass persistence and detection rates for marked carcasses
placed at the site are representative of rates for bird and bat fatalities otherwise occurring at the
wind energy facility.

Researchers used data generated by the field study to calculate traditional carcass persistence
and searcher proficiency functions and to create new functions in which both carcass
persistence and proficiency are modeled as a function of time and carcass age. Of the 104 small
bird carcasses placed in the field, 32 unique carcasses (31 percent) were found over the course of
223 search opportunities (number of placed carcasses times the number of searches in which a
trial carcass was present). However, field biologists detected carcasses in only 17 percent of all
small bird search opportunities. Of the 78 bat carcasses placed, 15 unique bat carcasses (19
percent) were found over the course of 248 search opportunities, but only 8.1 percent of search
opportunities yielded detections. All six of the large birds were detected, with 68 percent of 31
search opportunities yielding detections.

Researchers examined the rate of carcass removal by scavengers in strings (a group or row of
adjacent wind turbines), blocks of strings with similar ecological conditions, and the entire
study area. They also examined relationships between carcass persistence and key variables.
The carcass removal rate followed a Weibull distribution, with the highest removal rates early
in the trial. Scavengers removed most small birds and bat carcasses within six weeks of
placement. The data also show that it was common for a carcass to persist into subsequent
search intervals beyond the interval during which it was deposited (called “bleed-through”).

The study found both searcher proficiency and carcass persistence to depend on time. Other key
findings with implications for selection of fatality-estimating equations and equation input
variables include:
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Carcass persistence fits better with a Weibull distribution, where the attractiveness of a
carcass to scavengers declines as it ages, than with an exponential distribution where
fresh and old carcasses are equally likely to be attractive to scavengers.

Vegetation height affects searcher proficiency. Therefore, when creating a survey design,
researchers may want to consider random selection of turbines within blocks. The study
found that topographical (for example, slope) and meteorological variables (for example,
precipitation) were not correlated with mortality at the study site. They may be
important predictors at other sites, however.

Searcher proficiency was considerably lower for bats than for small birds during the
study, pointing to the need for extensive long-term searcher proficiency trials for bats to
ascertain if this holds true at other sites.

Small bird carcasses are removed by scavengers more quickly than bat carcasses. This
finding supports the need for long-term carcass persistence trials for both small birds
and bats.

Evaluation of the Fatality Estimation Equations

As proposed, the second part of this project was to use the field study data to test how
accurately the Pollock equation recommended in the Guidelines and the three other prominent
equations estimate the true number of fatalities from observed fatalities. Because the equations
assume that fatalities occur at random times, while this study involved placing all carcasses at
the beginning of each experimental time block, a direct “test” of the equations using the study
data was not appropriate. Instead, the authors analyzed the estimating equations (“estimators”)
mathematically and tested the validity of their common and individual assumptions against the
findings from the field study.

Key findings from this analysis were that:

All of the four traditional fatality estimation equations examined assume constant
searcher proficiency, rather than the observed condition that searcher proficiency is a
function of time, as carcasses age. The inconsistent ability to detect a bird or bat over
time can greatly affect the expected accuracy of resulting mortality estimates.

Three of the equations examined (Erickson & Johnson, Shoenfeld, and Huso) assume an
exponential distribution), whereas a Weibull statistical distribution fits the data best.

Current estimators either assume that “bleed-through”— whether carcasses not removed
during one search interval are considered “discoverable” during later searches — occurs
all of the time or none of the time. Incorrect bleed-through assumptions can distort
estimates.

In the general case, and for exponential removal, the equations will generate mortality of
the following order from lowest to highest: Erickson & Johnson < Shoenfeld < Pollock<
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Huso. When choosing a single equation, investigators should keep the expected rank
order in mind.

e The degree of systematic error or “bias” among the equationsis a function of many
issues, butin all cases, it is a function of the inherent assumptions underlying the
equation characteristics. Even when biased, if search intervals are long relative to mean
persistence times, all four estimators give about the same answers. But if search intervals
are short relative to mean persistence times, large differences among the equations are
possible. In fact, with the condition of short interval relative to mean carcass persistence,
the results of the equations could differ by a factor of 3 or 4.

e Even correcting for the biases, the relationship of the results of the estimators to true
mortality is unknown. However, if the assumptions in the equations are wrong (that is,
where exponential distributions and constant searcher proficiencies have been
assumed), then the results of the equations could differ significantly from actual
mortality.

e Short search intervals increase the chance of bias:

(a) Shortintervals do not allow the system to reach equilibrium, which is
inconsistent with the Erickson & Johnson equation. Erickson & Johnson assume
the number of carcasses remains relatively constant over the long-term.

(b) The Huso and Pollock equations assume zero percent bleed-through; therefore,
bias will occur if true bleed-through is greater than zero.

(c) Shoenfeld assumes 100 percentbleed-through; therefore, bias will occur if true
bleed-through is less than 100 percent.

e Thenew partially periodic equation proposed in this report allows for the estimation of
a site-specific bleed-through rate. Paired with new field sampling procedures to
generate time-dependent carcass persistence and searcher proficiency probabilities, this
new equation will produce unbiased results using either short or long search intervals.

Conclusions and Recommendations

CalWEA’s study provides new insights that could enhance the existing methods and
procedures found in the Guidelines and other pre- and post-construction fatality monitoring
guidelines used in the United States and internationally. Four major implications of this work
and the corresponding recommendations are outlined here.

(1) Traditional fatality estimators do not account for time-dependence of carcass persistence
and searcher proficiency, or for “bleed-through.”

Recommendation: Use the proposed new Partial Periodic Estimator and integrated
detection probability trial method (proposed in Appendices A and B, respectively).

(2) Traditional estimators can have high degrees of bias depending on the search interval,
mean carcass persistence, and bleed-through rate of the field data collected.
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Recommendation: Do not use traditional estimators in conditions that produce levels of
bias that are unacceptable for the intended purpose. Caution is particularly warranted
where short search intervals have been used.

(3) Use of traditional estimators has resulted in an unknown degree of bias in the literature.

Recommendation: Carefully consider the value of metrics like “industry average” before
applying them in policy or project-specific decisions.

(4) Previously generated fatality estimates used for project evaluation or broader purposes
could be recalculated using the proposed new Partial Periodic Estimator, provided the
key input variables (search interval, mean carcass persistence, and so forth) can be
collected from the original studies and reasonable assumptions made about searcher
proficiency probability distributions and bleed-through values.

Recommendation: Going forward, use a standardized approach to generate unbiased,
project-specific results that may be compared with each other, and to generate
meaningful and unbiased industry averages and totals.

This project will help reduce conflict in the siting process and make sound wind project
permitting decisions easier by:

Providing guidance on methods for generating observer bias and carcass removal rates and
reducing ambiguity in recommended avian study methods.

Exploring time-dependent relationships, including observer bias and carcass removal.

Providing guidance leading to improved field procedures for mortality monitoring and
improving efficiency and efficacy of surveys.

Enabling better forecasting of anticipated mortality at wind facilities based on site
characteristics.
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CHAPTER 1: Research Plan

Statement of Need

California pioneered large-scale wind energy development beginning in the 1970s. As a clean,
renewable energy resource, wind energy holds great promise provided that it can be sited and
developed in such away as to reasonably avoid and (if necessary) mitigate impacts on already
stressed wildlife resources. To this end, wind energy and wildlife stakeholders have
collaborated to survey avian/bat activity and study the impacts of wind project operations, and
policymakers have incorporated research protocols into the permitting process.

In 2007, the California Energy Commission (Energy Commission) and California Department of
Fish and Game released California Guidelines for Reducing Impacts to Birds and Bats from Wind
Energy Development (the Guidelines) to provide recommended protocols for assessing and
minimizing impacts from wind energy development to birds and bats. The Guidelines
recommend protocols for assessing, evaluating, and determining the effects of wind projects on
birds and bats, and also recommend impact avoidance, minimization, and mitigation measures.
In addition, the Guidelines provide an equation, suggested by Dr. Kenneth H. Pollock (personal
communication, 2012), that can be used to adjust the number of bird or bat carcasses that are
visually observed during an environmental monitoring survey of a wind facility, in an attempt
to estimate the true fatalities at the wind facility. The equation, one of four analyzed in this
report, adjusts for the inability of a searcher to locate all carcasses on the survey plot at the time
of observation, and for the probability of removal by scavengers or other processes before the
time of observation.

The California Wind Energy Association (CalWEA) received funding from the Energy
Commission to rigorously evaluate the equations and associated procedures and studies
recommended in the Guidelines for estimating fatalities of birds and bats associated with
collisions with wind turbines in California. Information gathered from this study will apply to
wind development projects in California, and the fundamental principles evaluated and
discovered in this project may apply to wind development in other parts of the United States
and internationally.

CalWEA’s study provides new insights leading to improvements in the methods and
procedures for estimating fatalities at wind facilities. This report offers recommendations on
methods, including computations and data requirements, for estimating the true bird and bat
fatalities at wind facilities. This section of the report details the goals of CalWEA's project and
reviews statistical and ecological considerations in the project design.

Study Goal and Objectives

The overall goal of this project was to conduct research to improve the accuracy of methods for
estimating the number of bird and bat fatalities at wind energy facilities. The project was
designed to meet the following objectives:
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1. Empirically test and calculate the influence of carcass removal and searcher
proficiency under representative actual field conditions.

2. Mathematically evaluate the inherent characteristics and assumptions of existing
equations to accurately estimate fatalities of birds and bats at representative wind
energy facilities within California.

The study generated information to enable the evaluation of existing fatality estimation
methods and the development of advanced models.

To meet the first project objective, CalWEA implemented a rigorously designed field survey at a
wind facility within the Altamont Pass Wind Resources Area (APWRA) near Livermore,
California. Site-specific data were collected under a variety of environmental conditions. Simply
stated, birds and bats were placed at selected locations within the site. The implicit assumption
in this approach is that marked birds and bats are representative of birds and bats killed at the
wind facility. Over periods of up to 60 days, “blind” independent and experienced biologists
without prior knowledge of carcass placements searched turbine strings and recorded the
location of both marked bird and bat carcasses that project field managers had placed in the
study area as well as carcasses not associated with the study.

Data generated during the experiment were collected and stored in a quality assured data set.
The research team then analyzed the resulting data and evaluated the relationships among the
number of found birds, bats, and environmental conditions over time. A description of the
available statistical models evaluated in this study is found in the following discussion. The
models and methods were evaluated for their inherent ability to accurately estimate the true
number of bird and bat carcasses.

Once the study team evaluated the data, tested existing models and created new models, the
team developed general guidance for (1) generating site-specific data used to parameterize
equations, (2) selecting existing or new equations based on site-specific conditions, and (3)
interpreting the results generated by the statistical methods.

This project provides insights into several other issues that are important to risk assessments of
wind facilities. Specifically, this project generates information that can be used to:

e Evaluate existing fatality estimation methods.

e Test and evaluate the shape of carcass persistence curves (those not removed by
scavenging, weather and other processes) under a variety of environmental conditions,
as represented during the January — April grass height and weather conditions at the
Altamont.

e  Evaluate the effect of time-dependency on the probability of bird and bat carcass
persistence and on the probability of detection by searchers (searcher proficiency).

e  Develop recommendations for advanced models that link observational data with
measurements of ecological conditions.
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Success Measures
This project succeeded by achieving the following goals.

e Evaluation of the existing fatality equations provides practitioners information useful
for choosing an estimating equation, and an understanding of the advantages and
disadvantages of various equations with differing survey designs.

e Datagenerated from the project are of such quality that guidance for implementing site-
specific studies leading to effective fatality adjustment procedures can be developed.

e  Peer-reviewed publications can be generated that enhance the existing state of the
science.

e  Effective communication of the project findings was undertaken.

e  Observational data at the planned wind turbine strings were obtained in a cost-effective
manner within the timeframe of the project.

The following narrative discusses the statistical and ecological issues that influenced the design
of the study, and presents the experimental design.

Statistical Considerations in the Experimental Design

Although standardized long-term monitoring procedures are available in the literature, there is
currently no standard operating procedure for generating and evaluating data used to estimate
fatalities at wind project sites. Statistical simulations of this issue have been conducted (e.g.,
Huso 2010). In practice within the industry, searcher bias and scavenger removal studies are
generally implemented in conjunction with long-term monitoring studies. However, based on
an informal review and the experience of the authors of this report, there is little consistency in
survey design and analysis of the resulting data among agencies, industry, or their consultants.
Searcher bias studies are typically implemented independently from studies of removal by
scavenging and other processes, and the study timeframes generally differ. In some cases,
searcher bias studies are conducted once under site-specific conditions, and are not repeated
during the course of a year. Carcass persistence studies are generally implemented over a few
days to several weeks; however, the study time period is not standardized within the industry.

For both study types, fresh (or sometimes frozen) carcasses of various sizes are placed on an
experimental plot at the beginning of the experiment. During searcher bias experiments,
searchers search plots where trial carcasses have been placed and record the number of
carcasses found. The searcher proficiency rate is then calculated and recorded. During
scavenger removal studies, the known locations of the carcasses are observed frequently and
removals are noted. Analysis of the resulting data generally provides a simple constant
representing the probability that a bird or bat is removed by scavenging and other processes,
although some time-series models resulting in the probability of scavenger removal as a
function of time have been proposed (Smallwood 2007).

There is little consistency across searcher bias and scavenger removal studies in terms of plot
area, number of carcasses used, carcass species, number of searchers tested, size of carcasses
used, habitat considerations, or study timeframes. The relationship between searcher
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proficiency and carcass persistence is not evaluated. Finally, the monitoring techniques
employed during the searcher studies (e.g., random searches, transect searches, search interval,
etc.) are sometimes inconsistent with those employed during long-term site-specific monitoring
studies at operating wind turbine facilities.

A number of equations are found in the peer-reviewed literature for adjusting the observable
fatality counts to estimate the true number of killed birds and bats. This report reviews selected
equations found in the literature, compares the properties of each of the estimators, and
provides recommendations for improving their accuracy. The equations were chosen based on a
review of literature that indicated that these equations have been commonly used within the
wind industry. The equations are heavily cited in past and current peer-reviewed literature.

Ecological Considerations in the Experimental Design

The following discussion reviews the importance of key ecological variables in the estimation of
survey error. In addition, key procedural and other experimental design variables are

described.

Ecological Variation

Ecological variation associated with specific wind energy development sites within the State of
California was an important consideration in the design of the experiments. Variation in habitat
condition was considered a key variable affecting the change in survey error among locations.
Variation in vegetation type and density, scavenger species and associated activity levels,
climate conditions, geographic conditions associated with turbine placement, and a host of
other site-specific variables also could influence the overall survey error rate for a specific site.

Size of the Carcasses

Carcass size is a key variable that influences both searcher detection proficiency and carcass
persistence. Generally, larger birds (e.g., golden eagles) are easier to see and are considered to
have smaller survey error rates than smaller birds (or bats). The smaller birds (or bats) are more
difficult to see over large distances, and may be more easily covered by vegetation. Also,
smaller carcasses are more subject to removal by scavengers (see references found at
http://www.altamontsrc.org/alt rl.php).

The study’s experiments were focused on smaller birds and bats based on the assumption that
those carcasses are harder to find and therefore will have higher error rates. Carcasses
representing similar size classes were used in the experiments.

Scavenger Type and Density

The activity level of scavengers at the test site(s) was an important consideration in the selection
of the locations in which the experiments were conducted. Types of scavengers noted at the
Altamont include birds (e.g., ravens, crows, golden eagles, turkey vultures), and mammals (e.g.,
foxes, coyotes, bobcats, raccoons, skunks, opossums, shrews, deer mice). Although scavenger
activity was not monitored, the large number of scavenger species at the Altamont is expected
to be representative of wind facilities across the United States.

10
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CHAPTER 2: Field Sampling Procedures and Results

As discussed in detail below, field sampling involved marking bird and bat carcasses, placing
them randomly at turbine strings at an operating wind farm, and collecting information on
carcass persistence and searcher proficiency. Turbine strings were selected to represent varied
environmental conditions, including vegetation type and height and slope.

e Figure 1: Location of Altamont Pass Wind
Description of Study Area Resource Area (APWRA)

The field study was conducted in NextEra Energy’s
Contra Costa County portion of the Altam ont Pass
Wind Resource Area (APWRA), which is located in
north-central California approximately 56 miles (908
kilometers) east of San Francisco (Figure 1). Steady
winds of 15-30 miles (2545 kilometers) per hour
blow across the APWRA during the mid-afternoon
and evening periods between April and September,
when 70-80 percent of the wind turbine power is
generated in the APWRA (Smallwood and
Thelander 2004).

The Altamont landscape consists of rolling hills
ranging mostly between 150 and 300 feet (61-91m)
in elevation above sea level. Permits have been
granted for a total of 5,400 wind turbines in the
APWRA, rated at a capacity of approximately 580 megawatts (MW), distributed over 50,000
acres (150 square kilometers) of rolling grassland hills and valleys. Turbines are arrayed along
ridgelines and other geographic features. The actual number of turbines available at any one
time for power generation is thought to range from 4,500 to 5,000.

Source: NextEra Energy Resources

The APWRA supports a broad diversity of resident, migratory, and wintering bird species that
regularly move through the wind turbine area (Orloff and Flannery 1996). Diurnal raptors
(eagles and hawks), in particular, use the prevailing winds and updrafts for soaring and gliding
during daily movement, foraging, and migration. Multiple studies of avian fatality at the
APWRA show that golden eagles, red-tailed hawks, American kestrels, burrowing owls, barn
owls, and a diverse mix of small birds and non-raptor species have been killed in turbine-
related incidents (Howell and DiDonato 1991; Orloff and Flannery 1996; Howell 1997;
Smallwood and Thelander 2004). All native species are protected by either federal and state
wildlife legislation or both.

From an experimental perspective, the geographical unit of interest at the Altamont is a turbine
string (a line of turbines). More than 400 of these strings have been monitored on a regular
basis. The monitored strings are located over the extent of the APWRA, and therefore cover a
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variety of vegetation types and topological conditions.! Figure 2 shows the heterogeneity of the
habitats around the field study wind turbines and strings.

Figure 2: Searching in Tall Grass and Short Grass

Photo Credit: EcoStat, Inc.

Overview of Field Sampling Procedures

Figure 3 shows the turbine strings where the field study was conducted. A total of 13 strings
(four to seven turbines per string) were searched from January to April 2011. Strings were
selected primarily so that search plots would not be mutually visible to ensure that searchers
did not know the location of trial carcasses. Strings were also selected to represent the range of
topological conditions and vegetation types in the Altamont. Strings were grouped into four
blocks in which carcasses were concurrently placed and then monitored for four to six weeks.
Blocks also served as a surrogate for vegetation and meteorological conditions over time. All
strings monitored during the study’s field trials as detailed below were located in the APWRA
north of Vasco Road.

Before conducting the field study, a pilot study was conducted. This pilot study phase was used
to test the work flow to fit the project resources and schedule and to test the field methods. The
first block (Block 1) of the study area was used for the pilot study. Most of the same personnel
were employed for block 1 as for other blocks. Block 1 was conducted at the same study site as
the other blocks but with four strings instead of three. After the pilot study, the number of
strings per block was set to three, and the number of placed trial carcasses was set to six bats
and eight small birds per string.

1 The natural communities and land cover types identified in the Natural Community Conservation Plan
(NCCP) for the APWRA include agriculturalland, annual grassland, alkali grassland, seasonal wetlands,
alkali wetlands, perennial wetlands and ponds, riparian woodland and streams, chaparral, oak
woodland, and conifer forest.
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Figure 3: Field Study Wind Turbine Strings

Source: NextEra Energy Resources
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Project field managers marked and randomly placed birds and bats and oversaw the recording
of the carcasses and reporting of the data collected. The project field managers visited the
strings every two days in order to verify the presence or absence of individual birds and bats.
All birds and bats were uniquely marked, and any displacement of a bird or bat from the
original location was observed and the new location noted for future reference. At the location
of each bird or bat, project field managers took measurements of vegetation height. Project field
manager observations provided an independent measure of the “true” number of birds and
bats available for detection. Generally, six bats and eight birds were placed along each string.
Halfway through the study, one large-sized bird was placed at each string within the block
along with the standard six bats and eight small birds.

Once a week, a field technician searched an area around the study strings at a typical sampling
walking pace, looking for any bird or bat carcasses.? On a typical day, a field technician
conducted two string searches, averaging two to three hours per string, covering three to six
acres. The field technicians were ignorant of the presence or absence of birds and bats at any
specific string location. The field technicians recorded the position of observed carcasses. Project
field manager status checks were timed to include checks on days that field technicians
searched study strings in order to establish the true presence of carcasses available for detection
by the field technicians. (To minimize false negative detections while maintaining field
technician “blindness,” a cryptic system of marking carcass positions for project field managers
was used.) Table 1 lists the field equipment used by the 11 field staff employed in the study.

Table 1: Equipment Used in the Field Study

Study Field Equipment
4WD Trucks Compasses
Clipboards Cell phones
Data forms Maps
Pen/Pencil/Sharpies Hard hats
Camera/Scale card/Memory cards Backpacks
Global Positioning System receivers (4m accuracy) Yardsticks
Range finders Markers (wooden stakes)

Source: EcoStat, Inc.

The Data Dictionary in Appendix C lists all the variables recorded, including weather
information collected from January 1, 2011 through May 1, 2011 from the weather station at the
Livermore, California, airport, and topographical variables recorded at each sampling location.

2 Variablewalking speed and direction across or along the ridge were not taken intoaccount in this
study, but would be interesting to consider in a future study.
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Specific Study Sampling Procedures
Three procedures comprised the field study sampling methods:

e The placement of carcasses at study strings by project field managers.
e Blind carcass searches of study strings by field technicians.
e Status checks of placed carcasses at study strings by project field managers.

Carcass Placement

The purpose of the carcass placement procedure is to generate known random positions of
marked carcasses at study strings.

Sources of Carcasses

Carcasses were provided by the following. For a variety of reasons, not all carcasses received
were used during the field study.

e Bat carcasses: the Michigan Department of Community Health, Lansing, Michigan;
Texas Christian University Department of Biology, Fort Worth, Texas; the Idaho State
Department of Agriculture, Boise, Idaho.

e  Brown-headed cowbird (Molothrus ater) carcasses: TW Biological Services, Fillmore,
California; U.S. Department of Agriculture Animal and Plant Health Inspection
Service/Wildlife Service, National Wildlife Research Center, Bismarck, North Dakota;
Griffith Wildlife Biology, Calumet, Michigan.

e Large bird carcasses: Altamont Infrastructure Company, Livermore, California.

Carcass Position

The search area was defined by a 50 meter buffer created around turbines at study strings. A
grid of 10-meter by 10-meter cells was projected over this search area. Topographical
information was recorded for each cell (see Data Dictionary, Appendix C).

Grid cells were randomly selected for carcass placement. After grid cell selection, a project field
manager would go to the approximate position of the selected grid cell and toss the marked
carcass. The precise location of the carcass was recorded, including distance and bearing to the
nearest turbine including the Global Positioning System (GPS) coordinates. In addition, the
vegetation height immediately around the carcass position was measured. To help the project
field managers find these selected carcass positions on future visits, a marker (small wooden
stake) was cryptically placed 10 meters away from the carcass in such a way that a line segment
was created by the position of the nearest turbine, carcass, and the marker.

Marked Carcasses

In order to maximize the project field managers’ ability to identify individual trial carcasses,
trial bird and bat carcasses were marked. Bird carcasses had a small amount of black tape
attached to each leg marked with a unique obscured carcass identification number. In addition,
the tips of the trial birds’ flight feathers were cut. The tips of the trial bat carcasses” wings were
taped and marked with a unique carcass identification number.
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Table 2 shows the schedule for monitoring of the strings. The project field managers placed six
bats and eight brown-headed cowbirds — referred to below as “small birds” — at each string, and
placed one additional large bird at each string in Blocks 3 and 4. The goal was to run each block
experiment for a six-week period, but logistical constraints sometimes shortened the time
period, so that the actual durations ranged from 29 to 47 days. The first block experiment
started on January 7, 2011, and the last block experiment ended on April 30, 2011.

Table 2: Summary of Sampling Design

Small bird Bat Incidentally
: 0 Turbine carcasses | carcasses found Trial dates Trial
8 1= Address placed at | placed at carcasses Length
/= ® Range start of start of added to (2011 (days)
trial triall study?
1 280 | 2206-2209 8 6 2 Jan 7-Feb 12 36
1 288 | 2038-2041 8 6 0 Jan 7-Feb 17 41
1 293 2075-2081 8 6 1 Jan 14-Feb 21 38
1 302 2166-2171 8 6 2 Jan 7-Feb 17 41
Block 1 Subtotal 32 24 5 Jan 7-Feb 21 45
298 2757-2761 1 Feb 18-Apr 4 45
683.1 | 2347-2354 10 Feb 18-Apr 4 45
5046 | 2542-2546 8 6 1 Feb 18-Mar 21 31
Block 2 Subtotal 24 18 12 Feb 18-Apr 4 45
3 286 | 2317-2322 9 6 2 Mar 11-Apr 22 42
289 | 2099-2103 0 Mar 11-Apr 22 42
507 | 2458-2463 0 Mar 11-Apr 27 47
Block 3 Subtotal 273 18 2 Mar 11-Apr 27 47
504 | 2418-2423 94 0 Apr 1-30 29
505 | 2514-2518 95 0 Apr 1-30 29
5047 | 2377-2381 94 2 Apr 1-30 29
Block 4 Subtotal 27 18 2 Apr 1-30 29
TOTAL, All Blocks 90 78 21 Jan 7-Apr 30 113

L Species included big brown bats, little brown bats, silver-haired bats, unidentified Pipistrellus, and
unidentified My otis bats.

2. Mix of small and large birds (no bats), including some skeletal remains [note: evidence of skeletal remains
are not used in the calculations presented in this report].

3 One complete red-tailed hawk carcass placed at each string in Block 3.

* One complete common raven carcass placed at this string.

5 One complete California gull placed at this string.

Source: EcoStat, Inc.
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Carcass Searches
The purpose of the carcass search procedure was to generate detection events of placed
carcasses over time.

Field Technician Searches

Each study string was searched six times (once a week) over as many as six weeks. Each string
search was conducted by one field technician who searched the entire 50-meter buffered search
area using parallel transects, with an inter-transect distance of 6 to 8 meters depending on
vegetation height and terrain (Figures 4, 5, and 6). Strict survey blindness was maintained by
having each field technician search every study string only once over each six-week period,
instructing the field technicians to not communicate found carcasses with each other, and to
keep the number and position of marked carcasses a secret. Field technicians used range
finders, compasses, and hand-held GPS receivers to navigate the search plots.

Figure 4: Conducting a Search Figure 5: Searching in Short Grass

Photo Credit: EcoStat, Inc. Photo Credit: EcoStat, Inc.
Figure 6: Searching in Tall Grass

Photo Credit: EcoStat, Inc.
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In general, winter in the APWRA exhibits short vegetation starting to green due to rain. As
temperature rises and precipitation continues, vegetation height increases and peaks in May.

Carcass Records

When afield technician detected a complete or partial carcass, or a collection of 10 or more
feathers, a carcass record was created (Figures 7 and 8). In addition to placed marked carcasses,
field technicians also found “natural” or incidental fatalities, which were also recorded. The
Data Dictionary (Appendix C, Table C-1) lists all the variables contained in the final data set,
including the data field technicians recorded when a carcass was found.

Figure 7: Fresh Bird Carcass Figure 8: Partially Removed Carcass

Photo Credit: EcoStat, Inc. Photo Credit: EcoStat, Inc.

Carcass Status Checks
The purpose of the carcass status check procedure is to rigorously verify the true status

(presence, position, and condition) of known marked carcasses, both placed and incidentally
found, at study strings.

Status Checks

Project field managers checked the status of all known carcasses every 48 hours and on days
that field technician searches occurred (Figure 9). A project field manager found the last known
location of a carcass utilizing a range finder, a compass, a GPS receiver, and a carcass marker. If
an unknown carcass was found during a status check, the project field manager would collect
and record data on its position and condition. (See Appendix C for complete list of data
recorded for unknown carcasses.)

Project Field Manager Detection Types

Project field managers used range finders, compasses, and GPS receivers to find the
approximate location of a placed carcass. If the carcass was not immediately detected, the
carcass marker was sought out. The marker and turbine indicated a more precise carcass
position. If the carcass was still not found, the position, the marker and turbine address became
the point of origin for an intensive survey around this carcass to investigate if the carcass had
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been moved by scavengers, degraded due to abiotic weathering processes such as wind and
rain, or was removed. This intensive survey was typically conducted as a flushing search, a
tight spiral transect out to 20 meters from the assumed last carcass position and again back to
the point of origin reversing direction to maximize the view shed around obstructions such has
high vegetation and rocks.

In addition to finding a placed carcass by its GPS position, marker, or a flushing search, new
carcasses or carcass positions were found incidentally when project field managers walked
between carcass positions or by field technicians during their carcass searches.

Figure 9: Project Field Manager Conducting a Status Check

Photo Credit: EcoStat, Inc.

Fractured Position, New, and Unknown Carcass Identification Numbers

Carcass scavenging sometimes fractured the carcass sign into multiple positions. If these carcass
parts were distinct and more than 10 meters away from the initial carcass position, an
additional carcass position was established and identified by a lettered suffix added to the
carcass identification number (e.g., 0121B). These newly established carcass positions were then
checked along with other known carcass positions.

Occasionally new fatalities were found by field technicians during carcass searches or when
Project field managers conducted status checks. These new carcasses were identified with a
carcass identification number including the string number, the letter U, and the number of new
fatalities found at that string (e.g., 302U-01). These new fatalities were checked along with all

other known carcass positions.

Sometimes a marked carcass was found but its carcass identification number was unknown
because the identifying tape was missing due to scavenging actions. These unknown marked
carcasses were identified with a carcass identification number including the string number, the
letter M, and the number of marked carcasses found at that string (302M-01). These unknown
marked carcass positions were checked along with all other known carcass positions. Later a
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known carcass identification number was assigned to the carcass position based on its
proximity to plausible known marked carcass positions.

Negative Detections

In order to maximize the certainty of a carcass position’s removal, project field managers
checked the negative presence (absence) multiple times before recording the removal of a
carcass position. After a project field manager conducted three consecutive status checks,
including flushing searches, with negative presence outcomes, the carcass position was declared
removed and no longer part of future status checks. Once the carcass was confirmed removed,
the time of removal was set consistent with the first observation time (this time is needed for the
determination of the carcass persistence curve).

Quality Assurance/Quality Control

High frequency of data entry and field checks helped to assure the data was accurate:

e Datasheets from field technicians were collected after they completed their searches the
same day and checked for completeness. The positions of any fatalities they found were
also verified in the field on the same day by project field managers.

e DProject field managers entered data into an Excel spreadsheet two to three times a week,
because the data was needed to determine the status checks schedule.

If any questions arose when entering data, the data was rectified by asking the observer, using
photos and GIS.

Results of the Field Sampling

Carcass Detections

Table 2 shows the number of trials in which abird or bat carcass was truly on the ground, and a
searcher had a chance of detecting the carcass. Carcasses that persisted over time contributed
more to the number of trials than those that were removed from the study quickly.

Differences in the habitat types of the blocks may account for differences in carcass persistence,
as well as the number of days on which a search occurred. Blocks are representative of changes
in grass height over time; however, blocks were not selected based on specific ecological or
habitat conditions. The chance of detecting a bird or bat was not equal for each search, and was
found to be a function of vegetation height and carcass age. Topographical variables (e.g., slope)
and meteorological variables (e.g., precipitation) were evaluated in addition to vegetation
height, but were not found to be correlated to mortality at this site.

Table 3 summarizes the percentage of search opportunities with carcasses detected over the
entire study. In practice, a single trial is implemented in which a fixed number of carcasses are
observed. Each carcass has one chance of observation.
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Table 2: Percent of Birds and Bats Observed for Each Block

Number of individual
. Average
. observations where the | Percent -
Block Species Vegetation
carcass was truly Detected . .
Height (inches)
present!
1 Bat 83 16.9 2.2
2 Bat 63 4.8 3.4
3 Bat 60 1.7 5.6
4 Bat 42 4.8 7.6
1 Small Bird 72 18.1 2.6
2 Small Bird 63 17.5 3.5
3 Small Bird 38 7.9 6.1
4 Small Bird 50 22.0 6.1
3 Large Bird 17 58.8 6.3
4 Large Bird 14 78.6 8.4

! Note: individual carcasses could have several chances for observation during the study
Source: EcoStat, Inc.

Table 3: Percent of Birds and Bats Observed in Study

Number of individual Average Vegetation
Species observations where the . 8 . 8 Percent Detected
Height (inches)
carcass was truly present!
Bat 248 4.3 8.1
Small Birds 223 4.2 17.0
Large Birds 31 7.2 67.7

21

1Note: individual carcasses could haveseveral chances for observation duringthe study

Photo Credit: EcoStat, Inc.

Table 4 shows the chance that a carcass was observed on the first observation date. The number
of bat carcasses observed on the first observation date is 14 percent. Note that the percentages

observed on the first date are larger than found over all possible observation dates. This finding
could be linked to increased difficulty with observing older carcasses.
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Table 4: Percent of Birds and Bats Observed on First Observation Date

Percent Detected
Bat 14.1
Small Birds 22.1
Large Birds 83.3

Source: EcoStat, Inc.

Table 5 shows average vegetation height by month and block. The vegetation in the study area
is predominantly grass, with an average height of 2.7 inches (maximum 10 inches) at the start of
the study in January and an average height of 6.4 inches (maximum 23 inches) at the end of the
study in April.

Table 5: Average Vegetation Height (inches) Observed by Month and Block

Jan 2011 | Feb 2011 | Mar 2011 | Apr 2011
Block 1 2.7 2.3
Block 2 2.3 3.2 4.3
Block 3 3.3 59
Block 4 6.4

Source: EcoStat, Inc.

Table 6 shows the number of individual carcasses detected for each block over the course of the
entire study.

Table 6: Percent of Unique Carcasses Detected per Block (7-day interval)

Found Placed Percent Detected
Small | Large Small | Large Small | Large
Block # | Bats Birds | Birds | Bats | Birds | Birds Bats Birds | Birds
1 10 11 - 24 32 - 41.7 40.6 -
2 3 8 - 18 24 - 16.7 29.2 -
3 1 3 3 18 24 3 5.6 12.5 100
4 1 10 3 18 24 3 5.6 37.5 100
Total 15 32 6 78 104 6 19.2 30.8 100
Source: EcoStat, Inc.
22
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Carcass Persistence Probability

In this section, the scavenging rate at the level of string, block, and entire study area is
examined. Relationships between carcass persistence and key covariates, such as vegetation
height, are also examined. The persistence of a carcass on the field was modeled using a two-
parameter Weibull distribution with the following model structure.

The density function for Weibull® distributed carcass persistence times is the following;:
p(tila,2;) = at;* ' exp(d; —exp(4,) ;%)

Where A is the scale parameter, ti is the time of event i, and a is the shape parameter of the
Weibull probability density function.

The corresponding carcass persistence function can be written as follows:
S(tila, ;) = exp(—exp(A;)A])

Where S is the probability of carcass persistence (survival or non-removal from the field), and t;
is the time (days) that the carcass was observed on the field since the start of the study.

If covariates (i.e., grass height, distance to bird or bat from the searcher, topographical features,
etc.) are linked to A with A i = xi3, where xi is a vector of covariates corresponding to the ith
observation (here, an observation is a survey date) and [3 is a vector of random parameters, the
log-likelihood function is written as:

n

l(a,Blt,x) = Z v;(log(a) + (@ — 1) log(t;) + x;B) —exp(x;B) t{*

i=1

The above model was implemented using a Bayesian paradigm with prior distributions:
: N(0,10000)

a: Gamma(0.001, 0.001)

Also, in some cases, the model was implemented without A linked to covariates. Note that v
indicates whether the observation is an actual failure time (v=1) or a censoring time (v =0). An
observation is considered censored if the event of interest (in this case, the carcass is removed)
does not occur within the timeframe of the study. A censored observation is defined as a record
where the event (removal), has yet to occur (but, may occur if the record was tracked through
time for a longer period). Results of the carcass persistence modeling exercise are shown below
in Figures 10-13. These graphical presentations of the carcass persistence curves display the
variability in probability within the data base. The curves are not adjusted for grass height, or
other possible covariates.

3 The Weibull distribution is a continuous probability distribution used in survival analysis, which
involves the modeling of time to event data.
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Figure 10: Carcass Persistence Probability for All Bats in the Study

0 3

10 15 20 235 30 35 40 435 30
Days

With 90 percent Credible Intervals, dashed line

Two-Parameter Weibull Survival Model

Red dots indicate a removal; Black dots indicate a censored# record

Source: EcoStat, Inc.

Note: A single bat can be viewed more than once during the course of the study

The carcass removal rate was high over the first two weeks and then the removal rate
exponentially decreased. Red dots in Figure 10 indicate a constant rate of removal.
Approximately 30 percent of bats were not removed (black dots).

Changes to grass height and other biological metrics over the study period may explain some of
the differences in Figure 11. (However, no formal analysis of this subject is possible due to lack
of rigorous field measurements). The statistical model does not result in a probability curve for
large birds due to the low removal rate (one carcass).

4 “Censored” means that the carcass remained on the ground (was not removed) when the trial ended.
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Figure 11: Block-Specific Persistence Probability for All Bats in the Study
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Figure 12: Persistence Probability for Small Birds in the Study
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Figure 13: Block Specific Persistence Probability for Small Birds in the Study
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These curves confirm that the rates of carcass removal were greater in the first two weeks, and
that most carcasses were removed within six weeks.

Searcher Proficiency

The magnitude of the searcher proficiency rate will be site specific, and will be a function of
environmental and topological variables. In this study, searcher proficiency was significantly
related to vegetation height (Figure 14). In addition to showing that searcher proficiency is a
time-dependent process, Figures 14 and 15 clearly indicate that the shape of the searcher
proficiency curves (with time and vegetation height) differ for birds and bats, and for small and
large birds.

A key contribution of this study is the findings associated with bats. Statistics derived from this
study indicate that, on average, searcher proficiency of bats is roughly half that of small birds.
Large birds in this study were detected approximately 70 percent of the time. From a specific
carcass perspective, approximately 30 percent of all small birds in the study were detected at
least once, while only 19 percent of the bats were detected at least once.

The above rates for small birds are consistent with published literature values. For bats,
however, the incorporation of time-based functions of searcher proficiency will have a
significant impact on the resulting bat fatality estimation.
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In this study, the searcher proficiency for small birds and bats was found to be similar after
approximately 25 days, with the largest difference seen initially after carcass placement when
the carcasses were fresh. An approximate 15 percent difference is seen between searcher
proficiency in birds and bats with fresh carcasses. The searcher proficiency for birds and bats
approached 2 percent after 30 days. This finding has implications for interval length in post-
monitoring studies, where this study points to shorter intervals in order to maximize the chance
of detecting a carcass on the ground.

Figure 14: Searcher Proficiency as Function of Vegetation Height for Brown-Headed Cowbirds
and Bats, Integrated Across All Other Possible Covariates

Source: EcoStat, Inc.

Bats are harder to find than birds, and all carcasses have low probability (less than 10 percent)
of detection by field technicians after three weeks. The study’s finding that carcasses have the

highest chance of being detected during the first two weeks has implications for study design.
(Note that Figure 15 includes carcasses that have been scavenged but not removed.)

Table 7 presents the distance between the observed bird or bat, and the field technician.
Statistics are calculated for the entire study, using all possible observations. Smaller carcasses
are clearly shown to be found closer to the observer, on average. The distance sighted suggests
that transects should be closer together; this study shows that 6 to 8 meters (a standard distance
used by many investigators) is too far apart for many small bird and bat detections.
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Figure 15: Searcher Proficiency of Small Birds and Bats Over Time,

Integrated Over All Other Covariates

Source: EcoStat, Inc.

Table 7: Distance Between Observed Carcass and Field Technician

Species Minimum Mean Distance Maximum
Distance (meters) | (meters) Distance (meters)

Bat 1.0 1.7 8.0

Small Birds 1.0 2.2 10.0

Large Birds 1.0 9.0 41.0

Source: EcoStat, Inc.

One problem with most estimators is that they must address a mix of species and ages of
carcasses, which is complex. The time and age of carcasses matter for detection; the data reveal
an often overlooked time dependency to searcher bias, combined with persistence.

Questions that could be explored with further research include whether increasing the searcher

time per string (decreasing walking speed) results in higher detection rates, and whether it

would be better to search one area thoroughly or search more areas.
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CHAPTER 3: Fatality Estimation Equation Analysis

The objective of this section of the compare commonly used equations. Based on the
assumptions underlying each equation, and the mathematics inherent in the equations,
computer simulation is used to compare and contrast the expected true fatality rates among the
equations evaluated. The equations are explored and evaluated using the concept of statistical
bias and variance.

Description of Analysis

Estimating the true (or actual) fatalities of a specific species of bird or bat, related to a particular
wind power generating facility during a specified time period, is a challenging task. Typical
data supporting such estimates consist of collections {C; j} of counts of carcasses discovered by

search teams in delineated search areas near a number of turbines (here indexed by i) at the end
of successive search periods (here indexed by j), of varying length {I; j} (in days).

The simplest approach to estimating the total number M;; of fatalities due to turbine i in time
period j would be the raw count, M;; = C;;. This would be exactly correct under the simplistic
assumptions:

S1  Each period begins with no carcasses in the search area;

Sz Each fatality caused by turbine j during period ileads to a (unique, single) carcass in the
study area;

Ss  There are no other sources of carcasses in the study area;
Ss+  Each carcass remains throughout the period;

Ss The search team discovers and removes every carcass.
Under these assumptions the total number M;; of fatalities could be estimated perfectly by

Ml'j = Cij.s
Each of the assumptions above is false to at least some degree, leading C;;tobe a badly
distorted estimate of M;;. Some of the reasons include:

* Experiments (for example, see http://www.altamontsrc.org/alt rl.php) have shown that
search teams usually discover only a fraction of existing carcasses (estimates ranging from
13 percent to 88 percent have been reported in the literature), violating Ss. The
undiscovered carcasses will be present in the search area at the beginning of the
subsequent period, violating S1.

¢ Fatalities from turbine j may lead to carcasses outside the search area, violating S-.

5 Note the equals sign (=) indicates “defined as.”

29

AR057154


http://www.altamontsrc.org/alt_rl.php

Additional Documentation Attachment to Comment 2-F1
Attachment I-3

¢ Carcasses from fatalities caused by another turbine or from an unrelated source may fall
into the search area, or carcasses from fatalities preceding the test period may persist into
the period, violating Ss.

* Scavengers may remove carcasses before they are discovered by the search team, or
carcasses may degrade so much that they elude discovery, violating Sa.

A number of authors have published more sophisticated estimation formulas for the number
M;; of birds or bats killed, intended to correct the biases induced by these issues. The following
discussion is intended to explain the implicit assumptions that underlie four of these formulas,
illustrating how they differ, and to offer suggestions for choosing among them or alternatives
for the purpose of making reliable estimates of fatality.

The Estimating Equations

The authors study fatality by constructing a mathematical model in which the number C;; of
turbine-related carcasses discovered in the i spatial region at the end of the j* temporal
period is treated as a random variable. Each of the estimation formulas considered here begins
as an equation expressing the expected number of carcasses counted, E [c; j], as a function of the
actual number M;; of fatalities and of some other factors (or estimates of them), under some
assumptions about how scavenging and fatality proceed. This section considers what implicit
assumptions lie behind these equations, offering some perspective on them and also some
generalizations.

The authors differ in their choice of which letters to use as variable names for which quantities.
To simplify comparing their estimation formulas, this report assigns common notation for all of
them. Upper-case letters denote quantities which are (or could be, in principle) observed; lower-
case letters denote model parameters. Table 8 presents the notation used here. “Hatted”
quantities such as “M;;” denote estimates of the corresponding quantities.

Even though observations are taken only at a few discrete times, it is useful to think of fatality
and removal as processes that occur progressively over the time interval. Time is treated as a
continuously-varying quantity t, measured in days, ranging from zero to I;; during each study
interval. The instantaneous rates of fatality and removal, and the levels of searcher proficiency,
may vary in time and may depend on a variety of covariates. In a more detailed modeling effort
the proficiency s;; (the probability of discovery of a particular carcass) would depend on the
searcher’s skill, the time lapse from fatality to search, and various covariates including the
vegetation height and lighting conditions. Carcass removal rates r;jwould also change as
carcasses age, and might depend on other covariates, leading to time and covariate dependence
for persistence probabilities p;; and average durations t;;.
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Table 8: Common Notation for Observable Quantities (Upper Case) and
Parameter Values (Lower Case) for All Estimation Formulas

At turbine i in time interval j

Cij (count) =number of carcasses counted

I (search interval) = search interval length (in days)

M;; (mortality) = true number of carcasses during interval

Pij (persistence probability) = probability a carcass remains unremoved until next
search

1ij (removal rate) = probability per day of carcass removal by scavengers and
other processes

Sij (search proficiency) = probability a carcass will be discovered

Lij (persistence time) = average number of days a carcass remains unremoved

Source: Dr. Robert Wolpert

In this discussion, each of these parameters is treated as constant during each search interval,
set to their average values in region i and epoch j. Models reflecting their dependence on time

and covariates are under development and will be described elsewhere.

Common Assumptions
All four of the estimation equations below embody some common simplifying assumptions,
most of them approximately correct or easily addressed:

Ai: Each fatality caused by turbine j during period i leads to a carcass in the study area.

o Ineach of the approaches below this can be relaxed by including an additional factor
1/1t;j, where 1t;;is an estimate of the fraction ;; of carcasses from the jt" turbine that

fall into the study area during the i" time period. Most authors adjust for this.
Az: There are no other sources of carcasses in the study area.

o Searchers are trained to distinguish turbine fatalities from others, and search areas are
sufficiently widely separated to ensure that few if any inappropriate carcasses will be
counted.

As: Carcass arrival times are uniformly distributed over the interval [0, 1; ]-].
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o Actual fatality rates will vary over time due to diurnal patterns, weather dependence,
migratory patterns, and for other reasons, but the effects should average out over time
with no significant effect on estimates.

As: Quantities that vary over the time interval or that depend on covariates are adequately
represented by their average values.

o This leads to considerable simplification, and holds approximately if the variation is
small. See Discussion below for notes on how it may affect estimates if variation is not
small, and on how it could be addressed.

Implicit assumptions specific to each particular estimation approach are described below.

Erickson & Johnson's Equation
An early attempt to reduce bias, attributed by Shoenfeld (2004, Equation (2)) to Erickson,
Strickland, Johnson and Kern (1998) and by Huso (2011, §3.2) to Johnson, Erickson, Strickland,

Shepherd, Shepherd and Sarappo (2003) is
7E = Culy 1
TR €y
ijlij

If, on average, carcasses persist unremoved for only a fraction t;; < I;; of the search interval,
and if the search team’s proficiency is s;; < 1, it is reasonable to expect them to only discover a
portion

Cij= (tij/lij)(si]')Mif

of the carcasses, leading to the estimator (1) when the uncertain quantities s;; and t;; are
replaced with estimates and the equation is solved to construct an estimate of M;;.

Exploring this in more detalil, in the absence of intervention (i.e., removal of carcasses by
searchers) and under unchanging conditions, the long-term average number of carcasses
present on the ground in the study area would reach a steady state with no systematic increase
or decrease; denote the average number of carcasses at steady state by g;;. Since each of those
carcasses is present for an average of t;; days, the average daily fatality rate necessary to
maintain that equilibrium is m;; = g7 /t;; so
gi; = myjti;.

On average the total fatality in a period of I;; days is M;; ~ m;;l;j, so

95 ~ (Myj/ 1))t

and on average a search team that succeeds in discovering carcasses with probability s;; < 1
(the team’s proficiency) would discover a fraction s;; of these,
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Replacing s;; and t;; by their estimates §;; and £;; and solving for M;;leads to estimator (1),
ij] =(c ijli ])/ (3 jti j). Because of its steady-state assumption, the validity of Erickson and

Johnson'’s estimator M 5.] (1) requires the additional assumption:
Af] :The system is in equilibrium at each search.

This will hold approximately whenever I;; > t;;, since the removal process then brings the
system to equilibrium quickly, but in general it will be violated by any intervention such as the
removal of discovered carcasses by search teams. If A]fl : fails (as in Figure 16) because of
interventions that remove carcasses, then C;; < s;;g;; on average, leading to systematic
underestimation with M l.Ej] < M;;j (see Discussion below).

Figure 16 illustrates four I;; = 10-day periods. Simulated counts G;;(t)of carcasses currently in

the study area are shown as a stair-step curve, for Poisson fatality at constant average daily rate
m;; = 3d~! and exponential persistence times averaging t;; = 4d. The equilibrium average value
gg? = my;t;; = 12 is shown as a horizontal line.

The curve G;; (t) increases by one with each new fatality (at random times chosen uniformly
from each interval [0, I; j]), decreases by one with each removal by scavengers (after

independent exponentially-distributed persistence times), and decreases at the time of each
search by the number of carcasses discovered and removed. Search team proficiency for the
simulation is s;; = 0.70. Search team carcass counts appear as downward arrows, and

undiscovered carcasses remain for the subsequent search period.

Figure 16: Steady-State Value g;; = 12 for Erickson & Johnson’s Estimator IWZ' (1)
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Horizontal line, beginning and ending each period at open and filled circles, respectively. One draw from
random distribution (stair-step, beginning and ending each period at open and closed squares,

respectively) is also shown, with discovered carcasses remowved (in violation of A'il )-

Source: Dr. Robert Wolpert
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A Variation: Shoenfeld’s Periodic Equation
Huso (2011, §3.2) attributes to Dr. Peter S. Shoenfeld (2004) the “modified” estimation formula

_ Gyl [e’if/fif —1+38y;

s
l a 7
TSty

(3)

elij/tij — 1

Shoenfeld describes this estimator as a “periodic” variation on (1), specifically intended to
address that estimator’s systematic underestimation, which he suggests is about 15-20 percent
in practice. The next section reviews the assumptions implicit in Equation (3).

Each period begins with carcasses that were not discovered and removed by the previous search

team still on the ground. As the number t of days into the period increases, the number of
carcasses G;(t) is increased by new fatalities and decreased by the removal process, with

expected value g;;(t) = E[G;;(¢)] tending toward the equilibrium limit gij- Under the
assumptions listed below, the mean satisfies a linear Ordinary Differential Equation:

d
—9ij(©) =my;—1;;9:5(0) = my; — gi; )/t (4a)

where m;; = M;;/1;is the daily fatality rate and t;; = 1/7;;is the average persistence time. The
well-known solution with initial value g?j is

95 (©) = gl +my;t;;(1 - e7t/1), (4b)

which begins at g;;(0) = g?j and converges exponentially at rate 1/t;; to the equilibrium value
of g7; = myjt;;. The value at the time of the search ending the j th time period is g; j (Ii j).

Shoenfeld’s idea is to use this relation periodically for search scenarios where the search
intervals, search proficiencies, and removal rates are approximately constant for consecutive
time periods. In that case each period will end on average with the same number g; = g;; (I ; j) of
carcasses as the preceding period. By periodicity, each must begin on average with g?j =

(1-s; j)gi carcasses, those undiscovered by the previous search team, leading to the equation

gi=(1- Sij)gie_lij/tij + mijtij(l —e~hi/ty), ®)

Collecting terms, this is easily solved for:

o = mijtij(l— e_Iij/tij) _ Mijtij elij/tij -1
' 1—(1—Sij)€_1ij/tij Iij elij/tij—1+5ij

(using m;; = M;;/I;; for the average daily fatality). The expected carcass count will be less by a
factor of the proficiency s,

_ o, Sitiy| et —1
E[Cij]—Mif I;; [elij/tij—l-i'Sij.
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Solving for M;; and replacing s;; and t;; with their estimates leads to Shoenfeld’s (2004,
Equation (1)) estimation equation,

s =

I/t &
iinj e l]/ j—1 +Sij

C
§i

i elij/tij — 1

Shoenfeld’s periodic approach was based on three new assumptions (as inferred from the
characteristics of the equation):

A}: Carcass persistence times have exponential distributions.
A%: All carcasses (both old and new) have the same probabilities of discovery s;;.

A3: Thelengths I;;, rates of mortality m;; and removal r;;, and the proficiencies s;;are

approximately constant over consecutive time intervals.

Figure 17: Mean Function g,-,-(t) for Shoenfeld’s “Periodic” Estimator M;; (3)

Smooth solid curve, beginning and ending each period at open and filled circles, respectively

Steady-state limit (dashed curve at g;7 = 12), and one draw from random distribution (stair-step,

beginning and ending each period at open and closed squares, respectively) are also shown. True
mortality rate is m;; = 3d~1, persistence is t;; = 4d, and searcher proficiency is s;; = 0.70.

Source: Dr. Robert Wolpert

Assumption A] was needed to justify the Ordinary Differential Equation (4). Assumption A%
ensures that undiscovered carcasses from an earlier period are just as likely to be removed by
scavengers and weathering or discovered by future search teams as are fresh carcasses (see
Discussion below), justifying their inclusion for the current period. Assumption A} justifies the
recursion of Equation (5).

If the sampling intervals I;; are long compared to the average removal times t;;, then the last

factor in square brackets above is close to one and (3) reduces to (1), so Misj ~ ij] . If searches are
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more frequent, so search intervals I;; are not long compared to residence times t;;, then the
estimate M i of (3) always exceeds M 5-] of (1), to compensate for the smaller number of carcasses

on the ground following the previous search.

Figure 17 illustrates the model implicit in Shoenfeld’s estimation equation for four I;; = 10-day
periods. The mean value g;;(t)for the count G;;(t) of carcasses in the region is shown as a solid
curve, beginning and ending each search period with an open or filled circle respectively,
approaching but not quite attaining the steady-state g;; = 12 shown as a dashed line. One
random draw of the numbers G;; (t) of carcasses currently in the study area is shown as a stair-
step curve for constant daily mortality rate m;; = 3d~* and persistence times t;; = 4d. Search

team carcass counts appear as downward arrows; undiscovered carcasses remain for
subsequent search period. As before, search team proficiency is s;; = 0.70.

Pollock’s Equation

It is worth questioning why in practice search teams find only a modest fraction s;; of carcasses.
Under Shoenfeld’s assumption A, the undiscovered carcasses are no harder or easier to find
than those that were discovered — discovery failures are entirely random. But another
possibility to consider is that some carcasses are more difficult to find than others, perhaps
because they fell in deeper grass, or in an area with poorer light or less contrast, and that search
teams find all of the most accessible carcasses. If so, then carcasses remaining on the ground
after a search should not be included among those that might be found during subsequent
periods. The next equations considered are based on an assumption that each period begins
with no discoverable carcasses present.

The estimator recommended in Guidelines, suggested by Dr. Kenneth H. Pollock of North
Carolina State University (2007), is

7P — _Cii

Mi; = Dijsij (©6)

This is the estimator one would derive from amodel in which the expected carcass count for the
jt" period could be expressed as the product E [C ij] = M;;p;js;j of the mortality count M,
reduced by the “persistence probability” p;; and the searcher proficiency s;;.

The difficulty in interpreting this equation and assessing its validity lies with interpreting the
persistence probability parameter “p;;”, described by this study as the “probability that a

carcass persists and is observable until the next search” and by the Guidelines as the
“probability that a carcass has not been removed in an interval.” Because some carcasses appear
much earlier in the interval than others, some will be subject to removal by scavengers and
weathering for longer times than others and so some will face a higher probability of removal.

Exponential Persistence Times
If persistence times have exponential distributions, then the probability of persisting unremoved
from any time 0 < t < [;; to the end of the interval is Plry > (Iij —t)] =eTu (t-0), Under
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Common Assumption As of uniformly-distributed arrival times, the average probability p;; that

a carcass persists until the next search at time I;; and the average persistence time t;; is given by
I:

— i Y e—Tij(Iij_t)dt =

ijJo Tijlij

tij =f e_rijrd‘l.' = 1/1"11 (7b)
0

[1—e"uli]  (7a)

Combining these with (6), Pollock’s estimator for exponential persistence is

MPE = Cu _ Gl [1- —Iij/fij]_l

with exponential persistence). 7c
Y DijSij Sl]fu ( P P ) ( )

Weibull Persistence Times

For exponentially-distributed persistence times, the probability of a carcass’s removal during a
day (assumingit is still present at the start of that day) does not vary with the age of the carcass.
This feature of the distribution, sometimes called “memorylessness” and sometimes called
“constant hazard”, may not be realistic if older carcasses appear less attractive to scavengers.
An alternative probability distribution commonly used to model failure times with decreasing
hazard is the Weibull family.

Pollock’s estimator M;; M} of Equation (6) can be used with a Weibull probability distribution for
persistence times exh1b1tmg decreasing hazard, by introducing a new parameter a > 0 (the

Weibull “shape” parameter). The case @ = 1reduces to the exponential distribution as before,
but for 0 < a < 1 the hazard (i.e., removal rate) falls off like the power r;; « 7% with

increasing persistence time 7. The persistence distribution is then given by
(i)
Ple>t]=e Vit | £>0
with average persistence probability and average persistence time given by

1 (% . oy 1 1 1 @
pij=7—| e [ (=017 g¢ = P<E,[l"(1 +E>Tij1ij] ). (8a)

Lij Jo rijlij

ti; = f “lryel®gr = r(1 + )/rl] (8b)
0
where I'(a) and P(a,x) denote the Gamma and incomplete Gamma functions, respectively
(Abramowitz and Stegun, 1964, §6.5). The resulting estimator from (6)is

gPw — Gy _ Gl p ( [T (1 + ) ij/fij]a)_l (with Weibull persistence), (8¢)

Y DijSij 51] ij

not much less tractable than the exponential version (7c).

Other interpretations of p;; (for example, the probability a carcass present at the beginning of
the interval will persist to the end) or other persistence distributions lead to different
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expressions and may require different assumptions for validity. For any persistence
distribution, Pollock’s estimator requires the assumption:

AP: Each period begins with no discoverable carcasses.

If A¥: fails then M le will consistently overestimate M;;.

Figures 18 and 19 illustrate the model implicit for ij with exponential persistence for four I;; =
10-day periods. The mean value g;;(t) for the count G;;(t) of carcasses in the region is shown in
each as a solid curve, beginning each search period with an open circle at g;;(t) = 0 and ending
each at a filled circle somewhat below the steady-state level of g‘{‘} = 12, indicated by a dashed
line. One random draw of the numbers G;;(t) of carcasses currently in the study area is shown
as a stair-step curve for constant mortality rate m;; = 3d~! and mean persistence times t;; = 4d.
Search team carcass counts appear as downward arrows, for proficiency is s;; = 0.70. Following
searches undiscovered carcasses remain discoverable for future searchesin Figure 18, in
violation of A, to illustrate possible bias, but search intervals are sufficiently long (I;; = 2.5¢;))
that estimator Mipj has a bias of only 2.5 percent.

Figure 18: Mean Function g;;(t) for Pollock’s Estimator Mg- (7c) with Exponential Carcass
Persistence Distributions

10 15

Carcasses
5
|

Time (days)

Smooth solid curve, beginning each search period with an open circle at g;; (t) = 0 and
ending each period at a filled circle

Steady state limit (dashed curve at g;7 = 12), and one draw from random distribution (stair-step,
beginning and ending each period at open and closed squares, respectively) are also shown. True
mortality rate is m;; = 3d~1, persistence is t;; = 4d, and search team proficiency is s;; = 0.70.

Undiscovered carcasses are allowed to remain following searches, in violation of Af.
Source: Dr. Robert Wolpert

For contrast, all carcasses are removed following searches in Figure 19, consistent with AE.
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Figure 19: Simulation lllustrating IWE- (7c) with Exponential Persistence Distributions with
Carcasses Removed Following Searches, so A Holds

Source: Dr. Robert Wolpert

Huso’s Equation
Huso (2011) expresses the concern that in some study designs the interval I;; between
successive searches may far exceed the expected persistence time t;; of carcasses. In that case
she proposes to reduce the value used for I;; to an “effective” time interval length I;; < I;;,
sufficiently long that the random persistence times {r; } (with mean t;;) will only exceed this
effective time with small probability P[Tk > [ j] < 1percent, and regard the carcass count as
appropriate for just the last [;; days of the interval. The resulting estimate is then scaled by the
factor (I;;/ I; ;) to achieve an estimate M S for the full interval of I;; days. Under her assumption
of exponential distributions for persistence times {7, }, I; j = t;;10g(100) (about 4.6 times the
estimated mean persistence time £;), leading to Huso's estimator

Cijlij 2
m s Cilyj

= . 9)

B §ijfij[0.99 A (1—e_lij/tij )]

7H —
M= Cijlij ?
This is expressed quite differently, but is mathematically identical to the “Proposed Estimator”
of (Huso, 2011, §3.2, p.7). This estimate always exceeds Pollock’s estimator M LP];E (7c) for
exponential persistence

_ _ Ciil;i
M > yPE=-_— "YUy __ 1
b=y §ijfij[1—e_lij/tij] (10)

The two never differ by more than one percent, and coincide whenever [;; < 4.6t; j» SO M ﬂ may
be viewed simply as a complicated way of expressing M fj for exponential persistence times.
Huso’s estimator will be valid and nearly unbiased under the assumptions:

All: Each period begins with no discoverable carcasses.

Al Carcass persistence times have exponential distributions.

39

AR057164



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

The estimation equations considered here —

o = Culy o
U8yt
= _Ciinj elij/fij_1+§l]
MU' T a..f ;i /€ (3)
Sijtij|  e'u/ti—1
C::
=2 6)
Y pl'j";l] )
= [1—e7li / fii] for exponential persistence (7¢)
Sijtij )
C::l:- 1 1 . a\ "~
=—2Yp (—, [F (1 + —) L;j/ tl-j] ) for Weibull persistence (8c)
Sijtij a a
_ Ciil;j Ciilij 1
Mll.]{ = — i) T ~ ,\UAU [1 _ e_lij/fij] (9)
sijtij[0.99A(1—e Y U)] Sijtij

—are all intended to adjust for the gross underestimation of mortality M;; by simple carcass
counts C;;. Each of them relies on the Common Assumptions A1—As (see p. 31) and each isa
valid estimator of M;; under some additional assumption (AY, AS — AS, A} and Al & AY,

respectively).

Discussion

The Figures

Figures 16-19 illustrate the models for fatality and removal implicit in the estimators. Each
tigure shows simulated counts G;; (t) of carcasses in the area as solid black stair-step curves that
increase by one with each new fatality, decrease by one with each scavenger removal, and
decrease by C;; at the end of the j*"interval upon the discovery and removal of C;; carcasses by
the search teams (each C; is indicated by a red downward arrow). In Figures 16-18,
undiscovered carcasses remain present and may be discovered by later searches. To simplify
comparison by focusing attention on what is different about the models (and not just random
variation), the same fatality and removal times are used for each, so the functions G (t) are
identical in Figures 16-18. (In Figure 19, necessarily featuring different removal times, carcasses
are removed following searches.)

The mean value functions g;;(t) implicit in the models are shown as solid blue curves,
beginning each interval at an open circle and ending it at a filled circle (these overlap in Figure
16, where g;;(t) takes a constant value). Simulations and mean value calculations all use a daily
fatality rate of m;; = 3d~1, so 10dx 3d~* = 30 fatalities would be expected in each interval, or
120 overall (113 appeared in the simulation). Rate of removal by scavengers was r;; = 0.25d7%,
so persistence times averaged t;; = 1/1;; =4d and, at steady-state, m;;t;; = 3d™* x 4d = 12
carcasses would be present. The search teams, whose proficiency was s;; = 70 percent,
discovered 35 carcasses in the four intervals of the simulation.
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Comparing the Estimators
The estimators fall into two groups. Estimators M l.Ej] and M f] each assume that some or all
carcasses remain across searches, and that undiscovered carcasses from earlier time periods are
removed or discovered at the same rates as fresh carcasses. In contrast, estimators M l-Pj and M S
assume that each search period begins with no discoverable carcasses. For a fixed searcher
proficiency and carcass persistence rate under the same site-specific characteristics, the ordering
of the estimatorsis consistently:

M < M5 < M}, < M} (11)
for exponential persistence probability distributions. Note that then M, 3 =M l-pj unless I;; > 4.6t;;,
in which case they differ by at most 1.01 percent.

Choosing an Estimator

Which group of estimation equations is more appropriate for a particular species and
E]
- u’
Or one of those (like M in) in which each period is assumed to begin with no carcasses present?

experimental design — one of those (M, M lSj) in which carcasses from earlier periods persist?

Imagine sending two search teams with the same proficiency (say, 50 percent) into the same
area in which, say, 20 carcasses are present, one after the other. The first team should find about
50 percent x 20 = 10 carcasses, on average — but what would the second team find?

If they would be expected to find nothing, because all the discoverable carcasses would have
been removed by the first team, then the Erickson & Johnson and Shoenfeld estimators

(M 5.], M) would not be appropriate. Both would underestimate M;; by a factor of about
[1—elu/ty], leading to a negative bias.

If they would find about 50 percent x 10 =5 carcasses (half those not found by the first team),
then Pollock’s and Huso's estimators would be inappropriate. Both would overestimate M;; by

: q-1
a factor of about [1 — (1 — 8;pe”tu /tij] 7, leading to a positive bias.

Bias from Inappropriate Equation

These biases are apparent in the figures. In Figure 16, the stair-step simulated curves G;;(t)
typically lie well below the Erickson & Johnson mean function g;;(t) = g;;, and their endpoints
(the filled squares) lie below g;; on average, leading to underestimation (by —5.9 percent on
average, for the parameters in this simulation). In Figure 18, the stair-step simulated curves
typically lie above Pollock’s mean function g;;(t) and the period endpoints, the filled squares,
lie above g;;(t) on average, leading to overestimation (but only by +2.5 percent for the
parameters used here). In Figure 17, the simulated curves G;;(t) coincide on average with
Shoenfeld’s mean function g;;(t), leading to accurate estimates. Figure 19 shows the
degradation-based estimator M}Dj =M l‘j with a simulation consistent with their assumptions
(exponential persistence times and carcass removal following searches), so there is no bias.

The biases would be larger with more frequent searches, possibly considerably larger. Daily
searches, for example, with the same residence time t;; = 4d and searcher proficiency s;; =
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70 percent, would lead to—71.1 percent bias for estimator ij] and +30.5 percent bias for MLP]I or

M ipj, while M EI would remain unbiased.

In the scenario of Figure 19, where undiscovered carcasses remain undiscoverable as if they
were removed, Pollock’s estimator (and Huso’s which is identical) is unbiased while
Shoenfeld’s and Erickson/Johnson’s underestimate M; ;by factors of

[1—(1—s;)e™ /tif]_land[l — e7lii/ti], respectively, for biases of ~2.46 percent and -8.21
percent, respectively, with the 10-day search periods and 4-day persistence assumed here. For
daily searches these biases would grow to—23.6 percent and —77.9 percent, respectively.

Bias Affecting All Equations

Each of the estimation formulas is based on an expression of the expected carcass count E[(; j] as
a function of the fatality count M;; and some other variables, such as the average persistence
time t;; and the search team’s proficiency s;;. An estimator is then constructed by solving this
equation for M;; as a function of E [c; j].

Consider, for example, estimator M 5] of Eqn. (1), derived from Equation (2), i.e., the relation
E[Cy]li; = Mijsijti.
If both s;;and ¢;; are uncertain or variable, perhaps because they depend on covariates (grass

height, etc.) that themselves are variable or perhaps simply because they must be estimated
from data, then there is still a linear relation for the expectations

E[Cy1i;] = E[My;84]

for independent unbiased estimators §;; of s;; and t; j of t;;. Bias enters, however, when one
makes the non-linear transformation of solving for M;:

Because the function x ~~>1/xis convex (its graph curves upward), the expectation of 1/5;; will
always exceed 1/E [3; j | and that of 1/¢; ; will always exceed 1/E [; j], so uncertainty or variability
in s;; and t;; will lead each of these estimators to overestimate fatality to some extent, with

E[M; 71> M;;. Buthow large is this positive bias?

If a positive random variable X has a log-normal distribution (commonly used to model
uncertain positive quantities such as s;; or t;;) with mean E [X]=M and variance V[X]=V, then
1/X also has a log-normal distribution, but the mean is not 1/M. It is always larger:

11 4
B3 =51+ 5
more than 1/M by a fraction V/M?.

Thusiif 3;; is an unbiased estimator of s with standard error €, then (1/5;)) is a positively biased
estimator of (1/5;;) with bias given by:
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. . 2
E[l/Sl]]=(1/SU) [1+ (E/Sij) ]
with a similar formula for ¢;;. If s;; and t;; are known to within a small proportional error, i.e., if

their standard errors are small fractions of their values, then little bias is introduced; if not, then
more sophisticated statistical approaches may be warranted.

Variability

All the estimators considered here are of the form M;=kC;;, proportional to the carcass count
with a proportionality coefficient k which will depend on I;, §;}, t; j» and perhaps other
quantities. The value of k is determined by solving for M;; an equation for the expected number
E[C L-j]oc M;; of carcasses counted. The resulting variability of the estimators M;; can be quite large.

Because C;; has a Poisson distribution under the models justifying all four of the estimators

under consideration, and Poisson random variables have variance equal to their means, the
variance of each such estimator M; =k C;; will be k2V[C;;| = k2E[C;;] = kE[M;;]. Even an
unbiased estimator M; j with expected value E [1\77 i j] = M;; will have variance xM;; that may be

quite large. For counts high enough to justify a central limit approximation, one should expect
typical estimation errors to be on the order of ,/kM;;,

|MU—Mﬂs1bﬁshMﬁz1ﬁﬁsﬁMU

with probability about 90 percent (and similar formulas for other quantiles). For counts C;; too
small to justify the central limit theorem, the Anscombe transformation

Z:=2 ’CU+ 3/8~N0(2 /C”+1/8,1)

forc;j:=E [c; J-] (Anscombe, 1948) leads to reliable interval estimates for M;; for counts as low as
Cij = 4. Exact Poisson confidence intervals are available for all counts C;; = 0.

For example, at the end of the second period of the simulation shown in Figure 17, C;; = 11

carcasses were counted. With s;, = 0.7 and t;; = 4 estimated perfectly, Shoenfeld’s estimator is

Ms, = kCy, with

e?>—1+0.7
e?> —1

Ii Fhﬁm—1+§ﬂ] 10
K =

07 x4

= = 3.795
Siptip | elz/tie —1 ]

so a 90 percent Central Limit interval estimate is M, = 41.745 + 10.6 = [31.145,52.345]. The
more accurate Anscombe approximation is [24.21, 66.31] and the exact Poisson interval is
[23.41133, 69.09737]. In the simulation M;, = 30 fatalities occurred, exactly the expected number
Ii;mp; = 10 X 0.3 = 30, but the 90 percent interval for this estimator ranges from -21.9 percent
below the true value to +130.3 percent above it.

What if the Common Assumptions Fail?

Common Assumption A, that all fatalities lead to carcasses within the study area, is usually
false because some carcasses may fall outside the designated study area, and some birds may be
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crippled but able to make it outside the study region. If unaddressed, this “crippling bias”
would lead to underestimation of fatality. It is usually addressed simply by estimating the
probability m;; that a fatality will lead to a carcass in the study area, then scaling any of the
estimators (MLEJIMLS] ME M{}) by afactor of 1/7;;.

Common Assumption A: that all counted carcasses in the study region arise from encounters
with the indicated turbine, is only approximately correct. Fatalities are usually assumed to be
turbine related unless there is evidence to the contrary, but because the fatality rates from other
causes are thought to be small enough thisis not believed to lead to significant over-counting. A
related problem is that some encounters with turbines may dismember a carcass into multiple
pieces deposited in multiple discrete locations with the search area. Searchers attempt to
prevent double-counting by matching parts, but this process is subject to error.

Search areas are generally established by rules of thumb, because of incomplete experimental
data to suggest the true area of influence a turbine exerts, and may overlap. This could lead to
misattribution, violating either Ai or As.

Common Assumption As, that carcasses arrive uniformly over the time interval, will not be
satisfied exactly. Actual fatality rates will vary over time with diurnal patterns, weather
dependence, and other factors. If there are significant trends in fatality over the time period then
this would affect each of the estimators, but haphazard variation on a rapid time-scale
compared to search intervals will not. Some birds and bats have migratory behavior that may
lead to widely differing rates from year to year or period to period, but if search intervals I;; are
short compared to migratory time scales then As can still apply separately on each interval, but
fatality and removal rates may vary for different time periods j.

Common Assumption As, that quantities are either constant or are sufficiently well represented
by their averages, is also false. Both discovery by search teams and removal by scavengers are
more difficult in areas or time periods within the study region where and when grass is taller,
or light less available. Fortunately, these too are somewhat compensatory, but more elaborate
modeling would be required to remove their effects entirely. Estimating s;; and t;; by imperfect
estimators §;; and t; ;j does introduce some bias for all the estimators considered here, a rather
technical issue.

Some estimators (Misj,lﬁg, and sometimes Pollock’s Mipj) also assume that carcass persistence
times have exponential distributions. This distribution features a constant “hazard rate,” so its
use implies that carcasses remain equally attractive to scavengers over time. Evidence suggests
that this is false. Over time carcasses do deteriorate, with two effects: they become less attractive
to scavengers, reducing the removal rate 7;; and they become more difficult for search teams to
discover, reducing the proficiency s;;. These two effects are somewhat compensatory, the first
increasing and the second decreasing estimates of M;;. If degradation is sudden and thorough
enough it may be viewed simply as another form of removal by scavengers, maintaining
validity for all the estimators, but if degradation is sufficient to deter scavengers but not enough

to affect discovery that would lead to a positive bias.
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Extensions

Each of the estimation approaches may be embellished to allow the rates of removal, fatality, or
discovery to depend on meteorological, topographical, or other covariates, taken to be constant
covariates for each turbine i and time interval j, at the cost of a considerable increase in
computational complexity.

Coupled Degradation Models

In each of the models considered above the removal process and discovery are treated as
“independent,” even for those underlying estimators M in and M S that feature degradation. If in
fact carcasses differ in their appeal to scavengers and the ease with which they are detected by
search teams, and if the same carcasses that are easy for search teams to discover are those that
are rapidly removed by scavengers, then each of these estimators will be biased. Each on
average will underestimate M;j, because the easily discovered carcasses will have been removed
preferentially. Equation (12) shows an extension of Pollock’s Weibull persistence equation (8c)
for the most extreme case, where the removal and discovery processes are “coupled” in the
sense that those carcasses with the longest persistence times are precisely those most difficult
for search teams to discover:

( Cl/¢; N
P(l Ir(a +l) 1/5/']3) o 8> 1— el/tw)
MY = ; a’ aC 1/:?11.. ij) 1/t o
] §i;<1- o1/8)
kP (% (1- §ij)> — a(1-8;;)[-log(1 - §ij)]1/“

Intermediate cases between independence (8c) and coupling (12) are possible too. More details
are presented in Appendix B along with a more elaborate model in which:

* Scavenger removal rates 7;; and search team discovery rates s;; are allowed to depend on

extrinsic covariates (grass height, for example) and on carcass age (hence persistence
times will not have exponential distributions and counts may not be Poisson);

* Mortality rates m;; need not be constant (seasonal and diurnal patterns may be explored),

* Hierarchical structure exploits the similarities expected for data from different but
comparable time periods or search regions.

Each of the models underlying the estimators considered above can be expressed as a special
case of that new model. Parameter estimation for the new model is more computationally
intensive than the estimation formulas given here, however, and will require more extensive
data collection, such as that described in Appendix B, which may not be available at all sites of
interest.
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CHAPTER 4: Study Findings and Recommendations

CalWEA's study offers several lessons with implications for the experimental designs and field
monitoring recommendations provided in the Guidelines. The key findings, elaborated below,
can be summarized under the following general statements:

(1) Searcher proficiency is shown to be time-dependent.
(2) Searcher proficiency is site- and species-specific.
(3) Searcher proficiency is lower for bats than for birds.

(4) Carcass persistence is a time-dependent process.
(5) Small birds have a lower time-dependent persistence than bats.

In addition, CalWEA'’s analysis of the Guidelines” recommended fatality estimation equation
(Pollock) and three other prominent estimators (Erickson & Johnson, Shoenfeld, and Huso)
finds that:

(6) All four of the equations reviewed introduce some bias.

(7) The equations can be distinguished by their underlying assumption about whether
undiscovered, unremoved carcasses remain “discoverable” in subsequent searches.

(8) For all four equations, length of search interval relative to mean persistence time is a key
determinant of bias.

These findings have implications for pre- and post-construction monitoring activities,
discussed below along with a recommendation for development of an improved estimating
equation that takes into account findings 6-8, above.

Summary of Field Study Findings

Searcher Proficiency Shown to be Time-dependent

This study is the first to document quantitatively the long-term relationship between carcass
age and the ability to detect the carcass. The implications for this issue are large, and will
influence survey methods, the number of carcasses used during detection trials, and the
approach to conducting pre-survey detection trials.

Searcher Proficiency is Site- and Species-specific

The magnitude of the searcher proficiency rate will be site specific, and will be a function of
environmental and topological variables. In this study, searcher proficiency was significantly
related to vegetation height. In addition to showing that searcher proficiency is a time-
dependent process, Figures 14 and 15 clearly indicate that the shape of the searcher proficiency
curves (with time and vegetation height) differ for birds and bats, and for small and large birds.

Searcher Proficiency is Lower for Bats than for Small Birds

A key contribution of this study is the findings associated with bats. Statistics derived from this
study indicate that, on average, searcher proficiency of batsis roughly half that of small birds.
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Large birds in this study were detected approximately 70 percent of the time. From a specific
carcass perspective, approximately 30 percent of all small birds in the study were detected at
least once, while only 19 percent of the bats were detected at least once.

The above rates for small birds are consistent with published literature values. For bats,
however, the incorporation of time-based functions of searcher proficiency will have a
significant impact on the resulting bat fatality estimation.

In this study, the searcher proficiency for small birds and bats was found to be similar after
approximately 25 days, with the largest difference seen initially after carcass placement when
the carcasses were fresh. An approximate 15 percent difference is seen between searcher
proficiency in birds and bats with fresh carcasses. The searcher proficiency for birds and bats
approached 2 percent after 30 days. This finding has im plications for interval length in post-
monitoring studies, where this study points to shorter intervals in order to maximize the chance
of detecting a carcass on the ground.

Carcass Persistence is a Time-based Process

For small birds, an initial 10-15 percentloss in total numbers can be expected in the first few
days after first appearance. For bats, the initial loss rate is smaller, ranging from zero to
approximately 6 percent. Again, this finding for bats may not be expected based on the current
literature. In this study, the persistence probability for small birds was 50 percent at
approximately 10 days, and less than 20 percent after 40 days. For bats, however, the
persistence probability was approximately 50 percent at 25 days, and did not drop below 20
percent over the course of the study.

Carcass persistence curves can be a function of seasonal effects. Persistence curves for both
small birds and bats differ over the course of the study timeframe.

Small birds have lower time-dependent persistence than bats

Based on this study, bats persist longer on the field than birds. While the relative time-process
of persistence will be site-specific (at other sites the predator population may prefer bats), the
finding of an increased persistence of bats relative to birds has implications for the ability of
estimating equations to work well without a well-defined and rigorously tested persistence
curve for bats. Coupling the longer persistence with the lower detection rates of bats as
compared to birds could lead to gross error in the expected fatality of bats if new bat-specific
estimating equations are not fully developed and tested. Indeed, because bats persist for
relatively long periods and are difficult to see on the ground, the interaction of searcher bias
and detection proficiency plays a significant role in accurately estimating bats. In particular for
bats, long-term field trials rigorously designed to generate time-based searcher detection
proficiency and carcass persistence rates will be critical to accurate estimation of bat fatality.

Carcass persistence is best fit with a Weibull distribution

The assumption of an exponential decay function in many existing equations was not directly
tested in this study. A two-parameter Weibull function, which provides greater flexibility than
the simple exponential assumptions, is shown to work well within the study conditions. As
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noted in Chapter 3, the constant hazard assumption of the exponential function may not be
realistic if older carcasses appear less attractive to scavengers, as shown in this study. The
Weibull family of functions can be used to model carcass persistence without the assumption of
constant hazard.

Summary of Estimating Equations Analysis

Existing fatality estimating equations assume that fatalities (and the corresponding occurrence
of carcassesin a search plot) are randomly distributed over time. Because the experimental
design of the CalWEA study did not allow for carcasses to be placed at random temporal
intervals, direct calculation and comparison of the estimating equations against the known true
number of birds and bats was not an appropriate test. Instead, equation properties and implicit
assumptions were evaluated mathematically and the findings assessed in light of the findings
from the field study.

The Existing Estimators All Introduce Some Bias

The CalWEA field study’s finding that both searcher proficiency and carcass removal are time-
dependent processes violates a common assumption of the four existing estimators that all
carcasses are independent. This could easily be the case in this study where some carcasses
specifically persisted and were not detected by the end of the study, indicating a lack of
independence among the carcasses with respect to the two time-based processes.

If both searcher proficiency (s;;) and mean persistence time (t;) are uncertain or variable,
perhaps because they depend on covariates (grass height, etc.) that themselves are variable or
perhaps simply because they must be estimated from data, then there is still a linear relation for
the expectations for independent unbiased estimators $;; of s;; and t; j of t;;. Bias enters,
however, when they are made the non-linear transformation of solving for M;;.

Another common assumption, that quantities are either constant or are sufficiently well
represented by their averages, is also false. Both discovery by search teams and removal by
scavengers and weathering are more difficult in areas or time periods within the study region
where and when grass is taller, or light less available. Fortunately, these too are somewhat
compensatory, but more elaborate modeling would be required to remove their effects entirely.
Estimating s;; and t;; by imperfect estimators §;; and £;; does introduce some bias for all the

estimators considered here, a rather technical issue sketched in Chapter 3.

Key Assumptions Distinguish the Estimators

Each of the equations evaluated contains implicit assumptions pertaining to the nature of the
rate of bird/bat fatality during the search interval, the distribution of carcass persistence times,
and whether carcasses that persist from one search interval to the next are considered

“discoverable” during a subsequent search. These distinguishing assumptions are summarized
in Table 9.
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Table 9: Key Assumptions Distinguishing Estimators Reviewed

Equation Key Assumptions

Erickson & Johnson (1998) A]i] :The system is in equilibrium at each search. [;; > t;;

Shoenfeld (2004) Aj:Carcass persistence times have exponential distributions.

A%:All carcasses (both old and new) have the same probabilities of
discovery s;;. Undiscovered carcasses are no harder or easier to find
than those that were discovered — i.e., discovery failures are entirely

random.
A3:Thelengths [,
proficiencies s;;are approximately constant over consecutive time

rates of mortality m;; and removal 7;;, and the

intervals.
Pollock (2007) AY:Each period begins with no discoverable carcasses
Huso (2011) Al Carcass persistence times have exponential distributions.

AY: Each period begins with no discoverable carcasses.

Source: Dr. Robert Wolpert

An important contribution of this analysis is the concept of “bleed-through” — the idea that
every carcass not discovered and removed in a search, and does not persist due to scavenging,
weathering, or other natural processes, remains for possible discovery in later searches. Both
Erickson-Johnson and Shoenfeld’s estimators assume 100 percent bleed-through. Huso’s
estimator assumes zero percent bleed-through — none of the carcasses not removed (by searchers
or scavengers) are ever discovered in subsequent searches. Pollock’s estimator uses an “average
probability a carcass is unremoved until the search” (pij) rather than the more commonly used
“mean persistence time” (tij). But as with Huso’s estimator, Pollock’s implicit assumption is that
each period begins with no discoverable carcasses (“old” carcasses are never discovered).

Length of Search Interval Relative to Persistence Time is a Key Determinant of Bias
When search intervals are long with respect to persistence times, the influence of this “carcass at
the beginning of the search interval” assumption is minimized and the estimators are nearly
unbiased and provide very similar answers. However, for very short search intervals (a
growing tendency in the wind industry), the bias in some equations can be large, and the
equations can provide very different results. Figures 20-21 illustrate this point, showing the
range of bias in fatality estimates obtained using the various estimators with different search
intervals and bleed-through rates (theta=0, 1 or 0.5), for given removal rates o« =1 and 0.5.
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Figure 20: Comparison of Bias in Estimators at Various Search Intervals
and “Bleed Through” (8) Assumptions with Removal Rate a= 1

Where 6 represents the percentage of carcasses neither discovered nor removed during
one search interval that remain available to be discovered in later searches

Source: Dr. Robert Wolpert
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Figure 21: Comparison of Bias in Estimators at Various Search Intervals
and “Bleed Through” (0) Assumptions with Removal Rate a= 0.5

Where 6 represents the percentage of carcasses neither discovered nor removed during
one search interval and remain available to be discovered in later searches

Source: Dr. Robert Wolpert
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The degree of bias among the equations is a function of many issues but, in all cases, it is a
function of the inherent assumptions underlying the equation characteristics. Even when
biased, if search intervals are long relative to mean persistence times, all four estimators give
about the same answers. But if search intervals are short relative to mean persistence times,
large differences among the equations are possible. In fact, it is very possible that, with short
intervals, the results of the equations could differ by a factor of 3 or 4. For example, Shoenfeld’s
and Huso’s estimators will differ by a factor of 3 or 4 or so if the search proficiency is 25 percent
or 33 percent or so, because Huso assumes zero percent bleed-through and Shoenfeld assumes
100 percent bleed-through.

Conclusions and Recommendations

CalWEA's study provides new insights that could enhance the existing methods and
procedures found in the Guidelines and other pre- and post-construction fatality monitoring
guidelines used in the United States and internationally. Four major implications of this work
and the corresponding recommendations are outlined here.

(1) Traditional fatality estimators do not account for time-dependence of carcass

persistence and searcher proficiency, or for “bleed-through.”

Recommendation: Use the proposed new Partial Periodic Estimator and integrated
detection probability trial method (proposed in Appendices A and B, respectively).

(2) Traditional estimators can have high degrees of bias depending on the search

interval, mean persistence, and bleed-through rate (theta) of the field data collected.

Recommendation: Do not use traditional estimators in conditions that produce levels
of bias that are unacceptable for the intended purpose. Caution is particularly
warranted where short search intervals have been used.

(3) Use of traditional estimators has resulted in an unknown degree of bias in the

literature.
Recommendation: Carefully consider the value of metrics like “industry average”
before applying them in policy or project-specific decisions.

(4) Previously generated fatality estimates used for project evaluation or broader
purposes could be recalculated using the proposed new Partial Periodic Estimator,
provided the key input variables (search interval, mean persistence, etc.) can be
collected from the original studies and reasonable assumptions made about searcher

proficiency probability distributions and theta values.
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Recommendation: Going forward, use a standardized approach to generate unbiased
project-specific results that may be compared with each other, and to generate
meaningful and unbiased industry averages and totals.

These implications and recommendations are briefly discussed here.

Current estimators do not account for time-dependent processes and “bleed-through.”

Detection probability is now known to be sensitive to time-dependent processes of carcass
persistence, searcher proficiency, and bleed-through (theta), and that the traditional fatality
estimators do not account for these influences. Therefore anew Partial Periodic Estimator
(Appendix A) and an integrated detection probability field-trial methodology (Appendix B) are
proposed and recommended that incorporate:

e Trials for searcher proficiency & carcass removal rates conducted simultaneously (vs.
independent trials)

Further, the Guidelines on these issues are recommended to be revisited.

Care must be taken to avoid unacceptable bias when using current fatality estimators.

The four traditional fatality estimators reviewed (Pollock, Erickson & Johnson, Shoenfeld and
Huso) are now shown to have high degrees of bias depending on the search interval, mean
persistence, and the proportion of bleed-through (theta) occurring in the field. Therefore these
estimators are not recommended for use in conditions that produce unacceptable levels of bias
(see Figures 20-21) unless biases can be corrected.

Note that “unacceptable” bias depends on circumstance and degree of accuracy needed.

e Theinaccuracy of an estimate for a specific project may or may not be of consequence.
e Theimportance of accuracy or just precision depends on the sensitivity of the species,

regulatory requirements, etc.

While individual project results are likely to be inaccurate, precise comparisons internal to a
given project may still be useful provided the project studies are consistent with each other.

Use of previous study estimates

Previously generated study estimates can be used with some confidence in decision making
where a persistence trial has produced a reliable mean value, providing that mean persistence
time is shorter than the search interval (noting also that, in some cases, mean persistence will
also have to be recalculated because of some common errors in methods of calculating this
mean). If the persistence time is longer than the search interval, the estimate will be unreliable.
If the mean is comparable to the search interval, the estimate will vary in the range of 30-40
percent.
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Caution should be taken with metrics such as “Industry Average”

The findings in this project highlight the degree of difficulty that occurs when comparing
mortality estimates among individual studies, particularly when the individual studies are not
conducted with a standardized survey design. A number of factors make between-study results
difficult, and also negate the ability to compare the results from a single study to an industry-
wide average. For example, the following elements can negate the ability to compare mortality
results on a national or state-wide basis: (1) differing approaches to treating the resulting survey
data (e.g., compiling data across individual turbines), (2) differing approaches to calculating
inputs to the estimating equations (e.g., estimation of mean persistence time), (3) the use of
different equations, and (4) inconsistent survey design and field methods. Any industry
average, therefore, will reflect a large variation among sites not due to variation in mortality,
but due to the specific methods used to generate the mortality values. Therefore, a
standardization of methods used to evaluate wind facility impacts is recommended, based in
part on the findings of this report.

Considerable caution is in order when comparing individual project estimates to industry
averages, given the possible level of bias in, and lack of comparability among, each of the source
studies that are used to calculate the industry average. Similar cautions are in order when
considering national total mortality figures.

Future Research

The results and findings of this study provide insight into needed changes in current
monitoring practices and fatality estimation procedures at wind facilities. The existing
estimating equations could be enhanced and improved with the addition of time-dependent
processes for searcher proficiency and carcass persistence that are a function of environmental
conditions. Appendix A presents a proposed new equation that incorporates these terms, and
Appendix B outlines the key components for detection probability trial survey methods to
support the proposed new estimator. Field testing the new estimating equation and protocols
was beyond the scope of this study and report.

The Altamont study site provided a unique venue for studying fatality under changing
conditions, and while all of the findings of this study will not directly translate to other sites, the
general principles and findings should be applicable. The major findings of this study should
hold generally for all wind facilities. However, the degree to which the vegetation height, time-
based searcher efficiency, and other factors that were found influential in this study are
transferable to other locations and conditions is explicitly unknown. Therefore, additional
studies may provide insights on fatality estimation as a function of topographical,
climatological, and environmental conditions.
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APPENDIX A:
A New Equation for Estimating Avian Mortality Rates

A Partially Periodic Equation for
Estimating Avian Mortality Rates

Robert L. Wolpert
October 6, 2012

Abstract

A key issue in assessing the environmental impact of wind plants for electrical power
generation is the rate of mortality of birds and bats caused by collisions with turbines.
The direct approach of counting and removing carcasses near a turbine facility at
designated time intervals must be corrected in some way for the effects of removal by
scavengers, detection failure, and other systematic biases. A number of authors have
proposed estimation formulas intended to adjust for these, based on somewhat different
assumptions about the underlying processes.

One significant issue on which these authors differ is whether or not bird carcasses
present but not discovered and removed in the search ending one time interval, might
possibly be discovered and counted in the search ending a later interval. The “periodic”
estimator proposed by Shoenfeld (2004), for example, is based on a model in which any
undiscovered carcasses may be found in later searches, while the aperiodic estimators
proposed by Pollock (CEC, 2007, Appendix F) and by Huso (2011) are both based on
the assumption that each interval begins with no discoverable carcasses.

We present a unified “partially periodic” structure that encompasses all of these
estimators, in which a specified fraction of undiscovered carcasses remain discoverable
in future searches. It includes that of Shoenfeld and those of Pollock and of Huso as
special cases in which that fraction is 100% or 0%, respectively. The proposed estima-
tor also accommodates arbitrary removal time distributions, avoiding the unrealistic
assumption of exponential removal distributions implicit in the estimation formulas of
Shoenfeld and Huso.

1 Introduction

The data we consider will be repeated counts of bird or bat carcasses made in designated
search areas near each of several wind turbines. Denote by Cj; the count of carcasses in
the designated area near the jth wind turbine by a Search Team at the end of the ith time
interval, of length I;; days, and by s;; the search proficiency (discovery probability for a
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carcass present at the time of the search) and by ¢;; the average length of time (in days)
before a new carcass is removed by scavengers.

For the special case of exponentially-distributed removal times, the proposed estimator
(derived in Section (2.1) and generalized to arbitrary removal distributions in Section (2.2))
is:

. T e/t —p(1 — 5,
M* = Cijlij {‘9 (1 — 3i)) }, (1)

i N - E
I Sij tij GIU/tU —1

where § € [0,1] is the fraction of undiscovered carcasses that remain discoverable in future
searches. This includes as special cases each four of the estimators compared in (Wolpert,
2012; Warren-Hicks et al., 2012):

Shoenfeld: For # = 1, indicating that a/l unremoved carcasses are discoverable eventually,
this is exactly Shoenfeld’s (Shoenfeld, 2004) estimator

. Ci e’ij/fij S [T
ME =Y - AN 2
* elii/tiy — 1 )

Sij tij

Thus Eqn (1) may be viewed as a generalization of Shoenfeld’s estimator to partial
periodicity, and that presented in Section (2.2) a further generalization to arbitrary
removal distributions.

Pollock: Pollock’s mortality estimator (CEC, 2007, Appendix F)
Ci

DijSij

MP =

i (3a)
depends explicitly on p;;, the estimated “average probability a carcass will remain
until the next search”. For exponentially-distributed removal times this is p;; = [1 —
e~liiltilt;; /I, so in this case M;; may be expressed as

- Ci;ili; 17! .
M5*® = A]—f” [1 — e’l”/t”] (Exponential removal), (3b)
Sij Uij

the special case § = 0 of Eqn (1).

Huso: Huso’s estimator (Huso, 2011) is identical to Pollock’s for exponentially-distributed
removal times (unless I;; > 4.6;;, in which case M} is about 1% larger), so it too is
the special case of Eqn (1) with 6 = 0:

ME = Cijlij 1 — e lis/tis - _ (4)
iJ ~ 7
Sij tij
A-2
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Erickson: Erickson & Johnson’s estimator (Erickson et al., 1998; Johnson et al., 2003)

MZ};J = - J AZJ (5)
Sij tij

would be (1) in the special case of # = (1 — §;;)"'. Note # > 1 here, because this
estimator’s assumption that the system is in steady-state at each search is inconsistent
with the usual practice of removing carcasses upon discovery by Search Teams.

Thus each of these estimators corresponds to some specific choices for removal distribution
and for the parameter #  but maybe not the choices one would prefer on further reflection.

Some have expressed the opinion that both 100% persistence of undiscovered carcasses
(i.e., @ = 1, as in Shoenfeld’s estimator) and 100% disappearance of them (i.e., f# = 0, as in
Pollock’s and Huso’s) are unrealistic, and that the truth lies somewhere in between. Also,
evidence (Bispo et al., 2012; Warren-Hicks et al., 2012, p. 21ff) suggests that other survival
distributions fit removal times better than exponential distributions.

2 The Model Underlying the New Partially Periodic
Estimator

Suppose (as usual) that carcasses arrive in a Poisson stream with average daily rate m;;
and, following Shoenfeld, that the process is “periodic” in the sense that consecutive interval
lengths [;; (in days), mean mortality rates m;; (per day), and search proficiency probabilities
s;; vary slowly in time— and hence do not vary with index ¢ (though they may still differ
across turbines, indexed by 7). In contrast to Shoenfeld, we now assume that while all
unscavenged carcasses arriving during the current period are discoverable in the search ending
that period, only a fraction #; € [0, 1] of those unscavenged carcasses not discovered in that
search will remain discoverable for future searches.

2.1 Exponential Removal Times

The average number of discoverable carcasses at the end of any period (call it g;) will be the
sum of those carcasses (if any) remaining unscavenged and undiscovered by earlier searches,
plus those carcasses arriving at times uniformly distributed over the present interval and
remaining unremoved until its end. For the case of exponentially-distributed persistence
with rate r;; > 0, this is

g =e "l g, + my; / e miilii=s) g
Jo

where gy denotes the average number of discoverable carcasses at the beginning of the period.
BY peI‘IOdlCltY this is do = 910](1 - Sij); SO

gr=¢ "1 gi0;(1 — s;5) + T [1—emti].
Tij
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Collecting terms and solving, and using r;; = 1/t;; and EM;; = my; 15,

EMZ tz 1-— eilij/tij
g1 = — :
]ij 1-— 9](1 — Sij)efli]‘/tij

For searchers with proficiency s;; the expected carcass count is E[C] = s;;g;, leading to the
estimator

o Oyl [1=0,(1 = 8;5)e i
Mij:A]AJ{ j J } (1)

3ij tij 1 — e Lij/ti

2.2 The General Case

The exponential distribution, commonly used for modeling removal times, features constant
hazard  the probability of removal by scavengers in a short time interval is approximately
the same constant multiple h A of the interval’s length A, irrespective of the age ¢ of the
carcass at the start of the interval. Evidence suggests that in fact the hazard rate h(t) varies
with carcass age, and that (at least for large t) it decreases. Warren-Hicks et al. (2012) found
that Weibull distributions with shape parameter o < 1 (whose hazard h(t) decreases at rate
t~(1=®)) fit the observed removal times far better than exponential distributions, while Bispo
et al. (2012) found that log normal and log logistic distributions (whose hazards decrease at
rate 1/t for large t) or Weibull distributions fit their data better than the exponential. In
this section we develop a partially-periodic estimator for arbitrary removal distributions.

Denote by F;(t) = P[r > t] the complimentary CDF, or survival function, for removal
times 7 > 0, and by

Q,(t) = E[r A t] = /Ut Fj(x) dx (6)

the integrated survival function or “ISF”. Clearly Q]( ) <t (because Fj(z) < 1), and Q;(?)
increases as t — oo to the mean removal time ¢;; = E[7 fo z) dz (which may be infinite
for some distributions). As before denote by 6; € [0 1] the average fractlon of undiscovered
carcasses that remain discoverable in later searches, by s;; the probability a carcass present
at the time of a search will be discovered, and by m;; the average daily rate of mortality.
The discoverable carcasses on the ground at any given time include “new” carcasses that
arrived since the last search along with those “old” ones that arrived in earlier periods and
eluded discovery by search teams. Thus if ¢; = 6;(1 — s;;) denotes the probability that a
carcass is undetected in a search and remains discoverable for future searches, then ¢ days
after the most recent search the expected number g;(¢) of discoverable carcasses is the sum

1)1

/ m;; F d9+Zq] / m; Fj(t — s) ds

=1 kI
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of those arriving in the current period and those arriving earlier who went undetected in
some number k£ > 1 of searches. Changing variables to x =t — s,

t+kT;

:’I’I’IZ]/ F dT‘l‘mZ]ZQ / FJ(T)dT,

k>1 (k=1)1;,

= myQ;(t) +my > qf [Qi(t+kI;;) — Qj(t + (k—1)I;)],

k>1
(recall Q,;(1) := fﬂt Fj(z) dx), a telescoping series with sum
g(t) = my;(1 Z 4;Q;(t + nljj). (7)
n>0

The expected number of carcasses counted E[C;;] will be a fraction s;; of g;(/;;), and the
average daily mortality rate is m;; = E[M,;]/I;;, leading to the new Partially Periodic esti-
mator

o Gy I
M;; — J AJ (8)
Rij Sij
where RZ] =49j (]Z])/ml] is given bY
Rij = [1—0;(1—s;j)] Y _[0;(1 — s;)) ' Q;(k Iy). (9a)
k>1

This sum always converges to a well-defined and finite quantity R;; < I;;/[1 — 6,(1 — s;5)]
for any removal distribution, even if ¢;; = E[7] is infinite.

For 6; = 0 only the first term (k = 1) contributes to the sum in (9a). In that case

= Q;(l;;) = I;jpi; where p;; = fo Y Fj(I;; — t) dt/1,; is the average probability a carcass
is unremoved until the next search, and (8) reduces to Pollock’s estimator le; = C;;/Dijsij
for any underlying removal distribution.

For §; > 0, the kth term in the sum of (9a) accounts for carcasses that went undiscovered
through (k — 1) searches and unremoved for about & x I;; days. It’s not surprising that only
a few terms are necessary (usually just two or three) to evaluate R;; with sufficient accuracy.
Bounds are presented in Section (3) for finite approximations including simple truncation,

n

Rij~ Ry = [1—0;(1 — si5)] > _10;(1 — s:)]* Qs (k L) (9b)

k=1

2.3 Parametric Examples

In this section we consider several parametric distributions commonly used for survival or
lifetime analysis. To facilitate introducing a regression setting later to reflect dependence
on covariates such as vegetation height, in each case we parametrize the distribution with a
rate parameter 7;; > 0 and perhaps one or more shape parameters.

A-5
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2.3.1 Exponential Persistence

For the exponential distribution, the survival function, mean, and ISF are

Fi(t) =Plr >t]=e"' (10a)

tij = = / Titdr = 1/ry; (10b)

Q;(t) = Elr nf] = / eI dy = 1,1 — e /] (10¢)

J0

for t > 0 so (7) and (9a) are geometric series with sums

_ 1 —q o—t/tis
9;(t) = mijti; {1 g e ’ (10d)
elii/ti; _ 1
Bij =i iy — g, (10¢)

5
with ¢; = 0;(1 — s;;). This leads to the exponential removal Partially Periodic estimator

ME = Cij I o Cij I {elij/fi‘i - 0]-(1 - Sij)}
N 1

LY RS ~ A~ 7 1. /8
Rij Sij Sij tij e i/t —

identical to (1). It reduces further to MZF of Eqn (3b) or Mi“j of Eqn (4) for #; = 0 and to
ij of Eqn (2) for 0; = 1.

2.3.2 Weibull Persistence

The survival function, mean, and ISF for the Weibull distribution with shape o > 0 are

EU—Ph>f e trut” (11a)
t, = E _ / ) dp = T(1+ 1) /ry, (11b)
Q,(t) =E[rAt] = /0 e i dy = P(L, (rit)*) t;; (11c)

where T'(a) and P(a,r) denote the gamma and incomplete gamma functions, respectively
(Abramowitz and Stegun, 1964, §6.5), so M = Cj;1;;/ R;;8;; with

9;(t) = 7) M Z ¢; P (. [rij(t+ kL) ) (11d)
k>0
Rij=t;(1 qu 1P , (krij U)") (11e)
k>1

again with ¢; = 6,(1 — s;;) (see Section (3) for finite approximations). This is illustrated in
Figure (1) and Section (2.5).
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2.3.3 Log Normal Persistence

The survival function, mean, and ISF for the log normal distribution are

Fj(t) = Plr > 1] = ®( — alog,(r;; t)) (12a)

tij =E[r] = / Fj(x)dz = €' /r; (12b)
J0

Q,(t) =E[rAt] = /Ot Fj(z)de = ®(—alog,(rijt)) t+ ®(alog(rijt) — =) ti;  (12¢)

where ®(z) is the standard Normal CDF, and so M;; = Cijfij/Rij§¢j with

gi(t) = (1= ;) mi; >k Q;(t + k) (12d)
k>0
Ry=(1-q¢)) d'QikIy). (12e)
k>1
The log normal distribution is more commonly parametrized by the mean y = —logr;; and

variance 02 = 1/a? of log 7.

2.3.4 Log Logistic Persistence

The survival function, mean, and ISF for the log logistic (or “Fisk”) distribution are

Fi(t) =P[r > t] =1+ (ryt)*] ! (13a)
00 w/a
d — > 1
tij = E[T} = / 73; — rij sin(m /) « (13b)
0 1+ (TijCE)a oo (6] S 1
Q:(t) = E[r At] = /tdiq" P (L5 4 L (1)) (13¢)
J Jo T Gy it e
t 1
- ' R4
L+ (rygt)e (LLLE 1+(7"ijt)*"‘)

where 5 F (a, b; ¢; 2) is Gauss” hypergeometric function (Abramowitz and Stegun, 1964, §15.1).
Note t;; = oc is possible for this distribution. Again M = Cj;1;;/Rij8;; with

gi(t) = (1= ;) mi; > gk Q;(t + k1) (13d)
£>0
Rij=(1-q)> d'Qik L) (13e)
k>1

with finite approximations given in Eqn (19). The log logistic distribution is more commonly
parametrized by the median m = —logr;; and scale s = 1/a of log .
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2.4 Estimating Parameters and Persistence

The parameters governing removal distributions are usually estimated with the help of re-
moval trials in which some number C of carcasses are placed at known locations at time
to = 0, then checked on each of some number n of succeeding days 0 < t; < ty, < --- < t,
revealing counts Cy > Cy > Cy > --- > (), of remaining carcasses (see, for example, Erick-
son et al., 2008, §2.6). To simplify some formulas below, set ¢,,1 = oo and C,,; = 0, with

2.4.1 Estimating Parameters

If we were able to observe the exact lengths of time {7} until each carcass’s removal, the
log likelihood function for the rate parameter r;; and shape parameter a of any of the
distributions considered in Sections 2.3.2-2.3.4 would be

U, rij) Zlog [i(T; o, i)

where f;(t;a,7;) = —(0/0t)F;(t; o, ri;) denotes the probability density function (pdf) for
removal, with the parameter dependence made explicit. Our data are censored, however, to

only the counts C,, of {7} } in the intervals (¢,,, oc) for 0 < m < n, leading to the multinomial
log likelihood

n

(o ri3) =Y [Co — Congt] 108 (Bt 0, 735) — Fj(tmsr; o, 735) (14)

m=0

from which estimates &, 7;; can be found numerically. For equally-spaced search intervals
t,, = mA and exponentially-distributed removal, a closed-form expression for the rate max-
imum likelihood estimators (MLEs) of 7;; and of the mean persistence time t;; = 1/r;; are
available:

~ 1 CO o Cn 1 20<m<n 7 ~
o= gl GG L1y, o =1 (19
J A { Zlgmgn C’m } { Zﬂ<m<n ’ '

Note this is quite different from the formula for estimating mean persistence suggested in (Er-
ickson et al., 2008, §3.3), which will systematically underestimate ¢;;. Searcher proficiency s;;
can also be estimated empirically from removal trial experimental data (see Section (2.4.3)).

2.4.2 Empirical Persistence

An alternative to the parametric models presented in Section (2.3) is to estimate R;; directly
from experimental data gathered in a removal trial. If 6; and s;; (and hence ¢;) are known,
then the maximum likelihood estimator (MLE) R;; can be computed from the MLE Q; ()
of the ISF Q;(¢).
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Unfortunately the MLE for the ISF is not uniquely determined— the likelihood takes the
same maximum value at all non-decreasing functions Q(¢) satisfying Q; (1) < Q(t) < Q] (1),
with lower and upper limits given by:

n n

. Cr 1 — Cy Ch 5 Cr 1 — Cy Ch
Q)= éiﬂ(tkfl At) + Coln QF () =) lc’iﬂ(tk At)+ N (16)
k=1 k=1

These lead in turn to lower and upper MLEs for R;; of

Ri=(1-q¢)) d'QF (k1)

k>1
and hence to Partially Periodic estimators
M = G by, (17)
RT 4.
15 ]

The estimator M;;J“ generated from the lower MLE RZJ is conservative, in that it will slightly

overestimate M;; on average, while on average that Mi*f generated from f?:; will slightly
underestimate M;;. Note too that the sums for evaluating both R;; and R;; entail at most
[t,/1;;] terms, since for ¢ > t, the function Q]’ (t) is constant and Q;’ (t) is linear, leading to

summable geometric series. The difference [Q;(f) - QJ ()] for t < t,, are weighted averages
of the inter-search intervals [t; — tx_1], hence smaller than the largest such interval.

2.4.3 Regression

Now suppose that in a trial we have a vector of p > 1 covariates for each carcass that might
affect the rate of removal, such as vegetation height or slope. Model the rate parameter r;;
for the kth carcass as

Tij = eXp(Xk : /3)

for a p-dimensional vector /3 of regression coefficients, and denote by ¢, the last search time
{t,,} the carcass was still present, and by ¢, the first search time the carcass was absent (or
oo if the trial ended before it was removed). The log likelihood function of (14) becomes

o, B) =Y log [Fy(ty s a, exp(X - ) — Fy (5, exp(X - §))] (18)

which can be maximized numerically in the parameters o and f.
These covariates may also affect the probability of discovery s;;, which could also be
modeled in log-linear fashion as

545 = exp(Xy - )

for an uncertain p-dimensional vector v of regression coefficients.
A-9
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2.5 Illustration

Figure 1 shows a simulation of four I;; = 10d periods with average daily mortality rate of
mi; = 3 d~'. Persistence distributions are Weibull with shape & = 0.70 and mean ti; = 15d;
search proficiency is s;; = 30%, and 6; = 50% of carcasses remain discoverable in subsequent
periods (a compromise between the Shoenfeld and Pollock values). Counts of discoverable
carcasses are shown as stair-step curve beginning and ending at open and filled squares, that
increases (resp. decreases) by one with each new fatality (resp. removal by scavengers), and
decreases by the number Cj; of carcasses discovered and removed by searchers (shown as a
red downward arrow) and by an additional number that become undiscoverable. Expected
numbers of discoverable carcasses are shown as smooth curves beginning and ending at open
and filled circles. For these values, Erickson & Johnson’s estimator has a bias of —50% (i.e.,
on average MEJ ~ ;M;;) and Shoenfeld’s Mf] has bias —34.2%, because each assumes that

all carcasses remain discoverable while in fact only half do. Pollock’s estimator MZF]’W has
positive bias +22.8%, because it assumes that no carcasses remain discoverable while in
fact half do. Pollock’s MZF (and Huso’s identical Z\;[g) comes closer, with just +2.7% bias,
because the reduction from its incorrect assumption of exponential removal distributions
and the inflation from its incorrect assumption that intervals begin without discoverable
carcasses nearly cancel out (a coincidence arising from our choice of parameter values). The
new Partially Periodic estimator MZ*] has zero bias.

0 _|
AN
8 ]
3 5_3-$
®
O _ o
@©
O -
O_I I I I I
0 10 20 30 40

Time (days)
Figure 1: One draw (stair-step) from random distribution of all carcasses present at times
t, for 0 <t < 40d. Expected value g(t) is shown as solid line, beginning and ending search
periods at open and filled circles, removal by search teams as downward arrows.

For exponential removal times (o = 1), the new estimator will always lie between the
estimators
M < M5 < M
of Shoenfeld and Pollock (or, equivalently, Huso), with negligible differences among them
whenever [;;/t;; is large. The differences are larger with more frequent searches, but never

exceed a factor of s;;: for any I;; and fij, always el]Ml‘; < Mf] < le; < Mf]/sm
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3 Computation

3.1 Evaluating R;;

Since Q;(t) < t and Q;(t) < t;;, the truncation error incurred by approximating R;; with
just the first n terms as in Eqn (9b)

Ry=(1-¢)) ¢ 'QikIy)
k=1

is bounded above by both of

Rij— Ry < (1—q;)> ¢ kT =q; Lij[n+1/(1 - g;)]
k>n

Ry Ry<(1-¢)) ¢ty = qj 1y
k>n

and, by monotonicity, is bounded below by

Ry—Rj>1—q)) ¢ Qi(nly) =q} Qi(nly),

k>n

leading to the two-sided bound

For the parameter values used in the simulation of Section (2.5) presented in Figure 1
the error is bounded by (0.5 * (1 — 0.3)e *5)V = (0.0288)", so just N = 2 terms suffice for

99.92% accuracy.

3.2 Special Functions

The partially-periodic estimator Ml’; of Eqn (1) is simple to evaluate in closed form under

the assumption that removal times have exponential distributions, as is the estimator Mi*]*
of Eqn (17) based on non-parametric empirical estimation of removal distributions. The
version of Ml*] for log normal removal distributions presented in Section (2.3.3) requires only
the cumulative normal distribution function ®(z), available in virtually every computing
environment, but the estimators for assumed log logistic or Weibull removal distributions
require slightly less commonly used functions.

The complete and incomplete gamma functions I'(a) and P(a, z) required for the Weibull
estimator of Section (2.3.2) are included in R (R Core Team, 2012) as gamma (a) and pgamma (x,a),
respectively, and are also included in MATLAB, Mathematica, the gnu scientific library (gsl:
Galassi et al., 2009), and other standard computational environments. In Microsoft Excel
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they are available as I'(a) = EXP(GAMMALN .PRECISE(a)) and P(a,z) = GAMMA DIST(x,a,1, TRUE),
respectively (for versions of MS Excel prior to 10, use GAMMALN and GAMMADIST instead).

Gauss’ hypergeometric function o F(a, b; ¢; z) needed for the log logistic removal models
of Section 2.3.4) is available in MATLAB, in Mathematica, and R (using the gs1 package).
While it’s not included in MS Excel, certain special cases are for example, for a = 2,
Q;(t) = arctan(rijt)/rij and (13e) becomes

—qj qu Varctan(kri 1) /4
k>1

~ Ry = ( Zq arctan(kri;li;) /rij + qj arctan(nrg;Li;) /i

for any small n, easily evaluated in Excel, with an error bounded by Eqn (19).

4 Non-constant Removal Rates and Proficiencies

One part of a 2011 study by the California Wind Energy Association (Warren-Hicks et al.,
2012) consisted of a removal trial in which a number of bird and bat carcasses were placed
in known locations and followed for 45 days. At intervals, searches would be undertaken and
each discovered carcass would be recorded. Periodically the trial coordinators would check
each carcass to see if it had yet been removed by scavengers.

4.1 Estimating Proficiency Time Dependence

A key finding of this study is that the proficiency s;; does not appear to be constant,
unrelated to the age of the carcass rather, that older carcasses have a lower probability of
discovery than fresher carcasses. This is illustrated in Figure (2), which shows the data for
small birds: 38 successful discoveries of carcasses aged 1-28 days, shown as small circles o
at height y = 1, and 185 undiscovered carcasses, aged 1-45 days, shown as small circles at
height y = 0 (a small jitter is added to the locations of each circle to reveal multiplicity).
The overall average proficiency is §;; = 17%, but there is clear evidence that s;;(¢) diminishes
with carcass age t. The figure also shows an empirical exponential moving-average estimate
(with a 5-day window) as a dashed red line, and the best fit with a logistic regression model
shown as a solid blue curve:

§i(t) = (1 + 60.6441+0.0911t)*1, (20a)

starting at §,;(0) = 45.75%, falling to the overall average $;;(10.3) = 17% after about 10
days and continuing to fall down to a negligible §;;(45) = 0.86%. The two curves are in
substantial agreement throughout the range, suggesting that the logistic regression model is
a good fit. The best fit for a model with simple exponentially-decreasing proficiency

=§ij (t) — 671.01770.077’” (20b)

(in green) is virtually indistinguishable; we’ll return to this one in Section (4.3).
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Figure 2: Time-dependence of search proficiency §;;(¢). Dashed red curve is nonparametric
moving-average estimator (exponential window, width 5 days), solid blue and green curves
are best logistic-regression and exponential fits (see Eqn (20)).

4.2 Estimating Removal Time Dependence

Other investigators (such as Bispo et al., 2012) have reported earlier that exponential dis-
tributions offer a worse fit to empirical data on carcass removal by scavengers than several
alternatives, and data from Warren-Hicks et al. (2012) reaffirm this finding. Figure (3) shows
the upper and lower empirical survival curves (Kaplan and Meier, 1958) for these censored
data, along with best fits for Exponential Distribution (dashed red curve) and Weibull (solid
blue curve). Evidently the Weibull fits far better. Both log-logistic and log-normal fits are
similar to Weibull, and far better than exponential, suggesting that hazard rate (daily prob-
ability of removal by scavengers), like search proficiency, diminishes over time. The best-fit
Weibull had shape parameter & = 0.4606 with a Standard Error of 0.0532d, about 10.31
Standard Errors below the value a = 1 corresponding to the exponential distribution, leading
to emphatic rejection of exponentially-distributed removal. The estimated rate parameter is
7i; = 0.07944, for a mean persistence time of

tiy =01 +1/a&) /7 = 29.64d,

substantially longer than the estimate fij = 16.68 d under the exponential model which (see
Figure (3)) systematically underestimates early removal and overestimates late removal.
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Figure 3: Upper and lower empirical (Kaplan-Meier) Removal curves (solid black stair-steps),
with best Weibull fit (solid blue curve) and best Exponential fit (dashed red curve).

4.3 Adapting the Model and Mortality Estimators

Although the model and mortality estimator of Section (2.2) makes no assumptions on
removal distributions, and the parametric examples presented in Section (2.3) include the
Weibull, Lognormal, and Log Logistic, all of which fit our data well, each of of these (along
with all other published mortality estimators we are aware of) are built on the assumption
that search proficiency is constant, unrelated to carcass age; in Section (4.1) we showed that
this assumption appears to be false. In this section we will adapt the model and estimators
of Sections (2.2) and (2.3) to accommodate age-dependent proficiency.

By the same argument and changes-of-variables that led to Eqn(9a), the number of
carcasses counted at each search will have a Poisson distribution with mean

o (k+1)1i;
Cij = My Z o / Fi(x)sj(x) H (1= sij(x — nly)] da (21a)
k=0 kIl 1<n<k

or, for § = 0 as assumed by Pollock and Huso, just one term k£ = 0:

I,’j B
0
Using E[M;;] = I;jm;;, this leads to a variation on (8),
. Ci; 1
M = é*. ] (22a)
ij
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PR
where now R is given by

s (k+1)1;;
R}, = z_:@k/ Fi(x)sij(x) H (1= si(x — nly)] du. (22b)

kT 1<n<k

This can be computed numerically for any specified proficiency function s;;(x) (like the
logistic or exponential regressions of Eqn (20a) or Eqn (20b)) and any of the empirical or
parametric removal distributions of Section (2.3) or Section (2.4.2).

4.3.1 An Efficient Computational Scheme

For exponentially diminishing proficiency s;;(t) = exp(—a — bt) (which fits our data well, as

shown in Figure (2)), R}; is the sum

1

[ee]
Ry =1 3 Tk
k=0
of terms

(k+0)1i;
Tk _ 919[231 / Fj(t)efafbt H [1 - efafb(tfnhj)] dt

klij 1<n<k

1
— Pk / F]((k +.,L,)Iij)€7a7blij(x+k) H [1 - efafblij(x+n)] dr
J0

0<n<k

each expressible as the sum of 2% terms of the form

1
o gk(il)m+1 / Fj((k 4 m)]ij)efm(a—kblij z)-nblij g, (23)
Jo

for suitable nonnegative integers k,m,n that can be enumerated recursively. The first few

terms are
_ *
Ty = 010

Ty = Q1 + Qo
1y = Q§12 + Q§23 + Q§22 + QE%
T3 = Q§13 + Q§25 + Q§24 + Q§36 + Q§23 + Q§35 + Q§34 + Q§46

The integral in (23) is easily evaluated using Simpson’s rule, or is available in closed form for

Weibull removal with shape parameters o = 1 (the exponential case) or a = 1 (very close
to our estimated shape parameter & = 0.4606 for small birds). The truncation error from

using only the first N terms 0 < k < N in (22b) is bounded by

max {bl;;, (1 — fe bis)}

0 < Truncation Error <
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For the parameter estimates in our study', a 40% error would be made using only N = 1
term (i.e., neglecting bleed-through), but the error falls to 8% with N = 2 terms and below
0.5% with N = 4, indicating that a significant fraction of old carcasses were present from
the immediately preceding period, but essentially none from more than three periods earlier.
The values of R}; and corresponding estimators MZ*J = Cj;13;/ B; with 6 = 50% were:

L | 2d 7d 14d  28d

Ry | 1.094 22224 29013 3.327

5 Interval Estimates for )M;; and m,;

Each of the estimators in Sections (2) and (4) is of the form “M;; = kCy;” for some x > 1,
proportional to the carcass count Cj;, because in each Cj; has either a binomial or a Poisson
distribution with mean proportional to A;; or to m;; = EM;;/1;;:

I I
2 or — (24a)

E[M;;]| = mi; L, E[Ci;] = mijlij/x, K

where R;; is given by Eqn (9a) and Rf; by Eqn (22b). In this Section we present Confidence
Interval estimators for A;; and m;;.

5.1 Estimating M;; when 6 =0

If & = 0 then all of the Cj; carcasses discovered will be from the M;; of the current period

I;;, with conditional distribution

'E

If the constant & is known precisely (if 6;, I;;, s;;, and the removal distribution including
its parameters are all known, for example), then an exact Confidence Interval for M;; ~

MZ*J = kCj; can be constructed as follows. For any chosen confidence level v (like 0.90, for
example), an exact 1007% Confidence Interval is given by

v < P{10(C;j) < M;; <hi(C;))} (24b)

where the functions 1o() and hi() are given for integers ¢ > 0 by
1
lo(c) =supsm > c¢: pbeta(l/kap; c+l, m-c) < 5

1
hi(e) = inf{m > c¢: pbeta(l/kap; c, m+l-c) > ;7}

"Maximum likelihood estimates were & ~ 0.4606, 7;; ~ 0.07944, a = 1.017 and b=0.0777
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For large C;; and moderate x these are approximately

lo(e),hi(e) = K [c:l:\/E 2/ (k — 1)//4}

for z := @ (%), so the CI widths are roughly proportional to /¢ for large ¢. They fall to
zero for ¢ = 0.

5.2 Estimating EM;; when 0 <60 <1

If & > 0 some carcasses discovered in a search may have arisen from fatalities in earlier
time period— so it is possible to have a positive count Cj; > 0 even if M;; = 0, making it
challenging to find interval estimates for M;; based only on the count Cj; from the current
period. Under the assumption of near periodicity, however, even though the actual fatality
counts M;; will vary from period to period by chance, the mean fatality counts EM;; = m;;1;;
should be approximately constant. An exact 1007% Confidence Interval is given by

v < P{10(C;;) < EM;; <hi(C;))} (24c)

where the functions 1o() and hi() are gamma distribution quantiles determined for integers
¢ > 0 by the relations

(1 —7)/2=P(e, Lo(e) /k) (1+7v)/2=P(c+1, hi(c) /k). (24d)
In R, the solutions (with variables ¢, gam and kap for ¢, v and k respectively) are

lo(c) = kap * qgamma((1l-gam)/2, c);
hi(c) =kap * ggamma((1l+gam)/2, c+1);

with similar formulas in MS Excel (where GAMMA.INV(q,a,1) takes the place of R's qgamma(q,
a)) or other environments. For example, with the parameter values used in the simu-
lation shown in Figure 1, R;; = 0.49956, I;;/t;; = 10/15 = 0.6667 and s;; = 0.3, so
k = I;;/(Rijsi;) ~ 4.4483. The proposed estimator is Ml*] = kCj; ~ 4.45 x Cyj, and
v = 90% confidence interval estimates of M;; (whose true value averaged m;;/;; = 30 in the
simulation) for various count values of C;; would be:
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Cy lo M5 hi
0 0.00 000 13.33
1023 445 2110
2 158 890 28.01
3 3.64 13.35 3449
4 608 17.79 40.72
5 876 2224 46.77
6 11.62 26.69 52.68
7 1461 31.14 5849
8 17.71 3559 6421
9 20.89 40.04 69.86

10 24.13 44.48 7545
11 2744 4893  80.99
12 30.80 53.38  86.49
13 34.21 5783 91.94
14 37.65 62.28 97.36
15 41.13 66.73 102.74

This illustrates how imprecisely M;; is determined by the counts C;; (especially for low
counts) even if a, 0;, I;;, s;;, and t;; are all known precisely. If any of these must be
estimated, then the uncertainty about M;; is greater.

Bayesian estimates and Credible Intervals are also available for conjugate gamma prior
distribution M;; ~ Ga(a, b),

K MZ* + Ka
B[M;; | Gl = [Cig +al = 1J+ Kb (25a)
7=P{10(C;y) < My <hi(Cy) } (25b)
lo(c) = qgamma((1-gam) /2, c+a) * kap/(1l+kap#b); (25¢)
hi(¢) = qgamma ((1+gam)/2, c+a) * kap/(1+kap*Db); (25d)

The reference or “noninformative” choice would be a = %, b = 0; more generally, experience
in similar settings may suggest an appropriate “prior sample size” b and “prior sample sum”
a. Note the same Confidence Intervals and Credible Intervals also apply to any of the

; TEI A7H NS AJH ; Vi,
estimators M, M, M, M, since they are special cases of M.

A Appendix: Notation Glossary

For convenience we collect here notation used in this document:

go be the number of discoverable carcasses on the ground at the start of a period,
g1 be the number of discoverable carcasses on the ground at the end of a period.
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By periodicity we take to be the same for all periods, though they may vary with the turbine
i (but to simplify the notation we ignore this). At turbine 7 and time period j, let:

Ci;  (count) = number of carcasses counted,

I;;  (search interval) = number of days between searches,

M;;  (mortality) = true number of carcasses during interval,

m;;  (mortality rate) = daily average arrival rate of carcasses,

Dij (persistence probability) = probability of remaining unremoved until next search,
Tij (rate parameter) = common parameter for all removal distributions,

Sij (search proficiency) = probability a carcass will be discovered,
lij (mean persistence) = average number of days a carcass remains unremoved,
a (shape parameter) = common parameter for all removal distributions,
0, (periodicity) = fraction of undiscovered carcasses that remain discoverable,
T (persistence time) = number of days a carcass remains unremoved,
¢ (0;(1—sij)) = probability undiscovered but still discoverable,

Fj(t) (survival function) = P[r > t],

Qi(r) (ISF) CErnd - 'R,
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APPENDIX B:
A New Survey Method for Detection Probability Trials
for Partial Periodic Estimator

Introduction

This study identified and explained major influences on detection probability for periodic
searches of bird and bat fatalities. These discoveries led to the creation of a new Partial Periodic
Estimator (Appendix A), which requires modifications to the traditional survey methodology.
The following lays out the framework for wind energy fatality monitoring surveys and
detection probability trials that support the new estimator and account for the major influences
on detection probability.

1. Time dependent carcass persistence and searcher proficiency: It has been well
documented that carcass persistence is dependent on carcass age, and this study shows
that search proficiency is also dependent on carcass age.

2. Carcasses can persist through multiple search intervals, allowing for multiple detection
events: Some of the previous fatality estimation equations (e.g., Pollock and Huso) do
not account for the common occurrence of carcasses being deposited in one search
interval that persist into subsequent intervals and are detected at a later date. The
Partial Periodic Estimator measures this “bleed-through” process with a new term,
“theta,” which is the proportion of undiscovered carcasses that remain discoverable.

3. Other covariates such as vegetation height can also have strong influences on detection
probability.

Preliminary Scavenger Removal Trial

Before a main study begins, a preliminary traditional 60-day scavenger removal trial is required
to estimate the ballpark mean persistence of carcasses (bats, small birds, and large birds) and
variation in removal times. The recommended main study search interval is equal to the
shortest mean persistence of the three carcass types placed. The recommended main detection
probability trial length is three times the mean persistence of the longest persisting carcass type.
The number of carcasses used in the main detection probability trial for each size category
should be based on the variation of removal times.

Main Study Detection Probability Trial
Carcass Placement

Carcass placement timing should occur to simulate the assumed steady random rate of deposit.
Carcasses should be placed at random positions in a search area to account for covariates such
as vegetation height and slope. Carcasses should be marked to distinguish them as trial
carcasses and not true fatalities. Carcasses should be mapped with sub-meter accurate Global
Positioning System (GPS) receivers, or their positions should be cryptically marked to help a
project field manager certify their presence while keeping field technicians blind to their
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presence. Main study detection probability trials should occur at least once per season, and the
trial length should be equal to three times the mean persistence of the longest persisting carcass
type in the preliminary scavenger removal trial. All carcasses should be placed at monitored
wind turbines.

Integrated Carcass Persistence and Proficiency Detection Events

For any given carcass and search, the probability of persistence and detection (searcher
proficiency) are both time dependent and dependent on one another. This makes it highly
effective and desirable to measure these outcomes together in an integrated trial, rather than in
two independent trials.

After placing trial carcasses strategically at monitored wind turbines, carcass persistence and
searcher proficiency needs to be measured.

To establish carcass persistence, a traditional scavenger removal trial schedule of carcass checks
is recommended for all trial carcasses —the project field manager checks carcasses every day for
the first week, every three days for the next two weeks, and then every seven days until all
carcasses are removed or the end of the trial is reached. In addition to the traditional schedule
of carcass checks, supplemental carcass checks should occur for trial carcasses on search days.
Note that many of the supplemental carcass checks will overlap with the traditional schedule of
carcass checks and will not require extra effort. Carcass checks of trial carcasses on the day of
searches should be conducted after field technicians complete their searches to maintain the
searchers’” blindness.

To establish searcher proficiency, field technicians record all marked carcasses they detect while
conducting their standard scheduled searches. They should be instructed not to disturb these
marked carcasses; they are left in place for future project field manager persistence carcass
checks. Because the project field manager conducts carcass checks of trial carcasses on search
days, the true persistence status of those trial carcasses is known; therefore negative searcher
detections can interpreted as either a searcher’s miss of a persisting trial carcass or that the trial
carcass was removed by scavengers.

Integrating the carcass persistence and searcher proficiency trials can simultaneously produce
time dependent carcass persistence and searcher proficiency functions for the same set of trial
carcasses.

Search Interval Bleed-through of Carcasses: Theta

The final term that needs to be measured for the Partial Periodic Estimator is theta, the fraction
of undiscovered carcasses that remain discoverable over time through multiple search intervals.
Because trial carcasses are placed to simulate a random steady state of deposit at monitored
wind turbines and the persistence and detection of trial carcasses are tracked, the number of
trial carcasses that are not detected and not removed in one interval that persist to be possibly
detected in a subsequent interval can be measured.
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Collateral Data and Advantages to the New Method

Because a preliminary persistence trial is conducted first, proper trial carcass sample size, trial
length, and search interval can be established for the main monitoring program ahead of time.
This will introduce an evidence-based approach rather than guessing or using a “rule-of-
thumb” to establish these aspects of the program.

The data collected from the new method can be used to source estimates for all four traditional
fatality estimation equations reviewed in this study. The traditional persistence carcass check
schedule is conserved, and the traditional simple initial fresh carcass searcher proficiencies can
be extracted from the initial detection outcome of this method. This can allow for easy
comparisons of estimator results to compare to previous studies that used other estimators. In
addition, a remarkably simple empirical estimator is also sourced by the data collected and can
be used as an independent check on the Partial Periodic Estimator. The number of total
searcher-detected trial carcasses divided by the number of placed trial carcasses should be equal
to (or close to) the overall detection probability derived by the Partial Periodic Estimator. This
is because the effects of the integrated time dependent probabilities of carcasses persistence and
searcher proficiency as well as the bleed-through theta mechanism are implicit in the
proportional detection outcomes of this new method.

Overall, this new method and estimator are much more sensitive to the major influences that
affect detection probability, reducing bias and improving the predictive power of estimating the
impacts of wind turbines on wildlife.
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Data Dictionary & Data Fields Used for Recording

Carcasses
Table C-1: Data Dictionary
Variable Description Units
ID Unique record identifier for all data rows Number
Date Date that a status check or search took place | Julian date format
Unique identifier for a collection of turbines
String where trial carcasses were placed and Unique number
searches occurred
. The species or unknown species .
Al
Species determination (ex UNRA, unknown raptor) OU species code
Photo Unique identifier per photo Photo number
The sex determination of trial carcasses, if U=unknown; M=Male;
Sex
known F=Female
A=adult; J5 ile;
Age The age class of the trial carcass, if known adult; JSjuvenile;
U=unknown
Class The group status of trial carcass, Bird or Bat | Bird or Bat
Th i id cell that th
Grid_Cell e d(?mlnant gr'lc? cell that the carcass Alpha-numeric map key
occupies on specified date
.. ID at time of search, based on last known Carcass_ID + position
PositionID 1 .
position modifier
) ID after QA and analysis, may combine
AssignedID several unknown or found IDs Carcass_ID
An identifying number for the project field
PID manager who conduct the status check. See data file for codes
Searcher that conduct the search
Person Project field manager or field technician Name
SearchDay Does record represent a day when searchers Yes / No
were present
P = placement of carcass;
F = found carcass;
NF = a not found carcass;
. The detection outcome generated by a status | NC = a not checked carcass
DetectionStatus

check or search

position (only after many
prior checks, and
assurance that carcass has
been removed)
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Variable Description Units
S: Found during standard
status check without
additional effort;
F: Found during flushing
search around last known
location of carcass;
I: Found incidentally at
DetectionT k iti ithout
eleciontype The type of detection (if detected)* u I‘lOWl’:l poston withot
systematic search;
0: Found but not enough
evidence to be considered
fatality;
M: Found duet
7S e (70 o i No
v ' Find the Marker (NFM)
PositionPresence Indictor of carcass presence at time of search | 1=present; 0=absent
Indicator of ft lysi
AssignedPresence ndicator of carcass presence after analysis I=present; O=absent
and QA
Veg HT Vegetation height Inches
Index 1: Fresh carcass and
very attractive for
removal/scavenging;
Index 2: Partially
scavenged or decayed
carcass , moderately
A subjective index of the carcass “attraction” | attractive for
ScavengerIndex .
to a scavenger on a day removal/scavenging;
Index 3: Completely
scavenged or decayed (no
remaining edible or
attractive tissue), low
attraction for
removal/scavenging
GPSMarkiD Garmin r?cord ID; allows sync with latitude Number
and longitude
Latitude Position where carcass found during search | GPS Lat
Longitude Position where carcass found during search | GPS Long
Note I'Xny tield notes made by searcher or project Text
field manager
BlockNum Elock ID:' contai‘ns mult.iple strings searched Ranges from 14
in a consistent time period
DistanceSighted Distance from searcher to found carcass Meters
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Variable Description Units
TrialCarcass Indicator of a trial carcass placed at t=0 Yes / No
TemperatureHighF Daily high temperature Degrees F
TemperatureAvgF Daily average temperature Degrees F
TemperatureLowF Daily low temperature Degrees F
DewpointHighF Daily high dewpoint Degrees F
DewpointAvgF Daily average dewpoint Degrees F
DewpointLowF Daily low dewpoint Degrees F
HumidityHigh Daily high humidity Percent
HumidityAvg Daily average humidity Percent
HumidityLow Daily low humidity Percent
PressureMaxIn Daily maximum pressure mmBars
PressureMinIn Daily minimum pressure mmBars
WindSpeedMaxMPH | Daily maximum wind speed Miles per hour
WindSpeedAvgMPH | Daily average wind speed Miles per hour
GustSpeedMaxMPH | Daily maximum wind gust speed Miles per hour
PrecipitationSumlIn Daily total precipitation Inches
RELEV il;:;ztci;)er; t(feet) of nearest grid cell at the Foet
VELEV Elevation (feet) of nearest grid cell at the Foet
valley bottom
Change in elevation (feet) between nearest
DELTAELV ridge crest and nearest valley bottom. Feet
Measure of slope size
Total horizontal distance (feet) between
TOTDIST nearest valley bottom and nearest ridge crest. | Feet
Measure of slope size.
RDIST Horizontal di‘stance (feet) between grid cell Foet
and nearest ridge crest
VDIST Horizontal distance (feet) between grid cell Foet
and nearest valley bottom
I e R L
ASPECT ];ricgirfslsl gczre: true north toward which the Degrees
Percentage slope of grid cell, determined by
SLOPE trend with nearest grid cell in the uphill Percent

direction and with the nearest grid cell in the
downhill direction. Measures local slope.
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Variable Description Units
SLPBIN Slope values aggregated into bins Percent
Horizontal distance (feet) between grid cell
VPLYDIST and nearest grid cell along boundary of the Feet
closest valley bottom polygon.
Vertical distance (feet) between grid cell and
VPLYELV nearest grid cell along boundary of the Feet
closest valley bottom polygon.
Horizontal distance (feet) between grid cell
RPLYDIST and nearest grid cell along boundary of the Feet
closest ridge top polygon.
Vertical distance (feet) between grid cell and
RPLYELV nearest grid cell along boundary of the Feet
closest ridge top polygon.
Whether grid cell occurs within a ridge
Within slope hazard saddle, .break in slope, or other slope feafcure
Jone? determined to be more often used by flying | 1=yes; 0=no

raptors. This determination was judgment
based, and not the product of modeling.

Gross slope

Average slope from nearest valley bottom to
nearest ridge crest, measured as ratio of
elevation difference and total slope distance.

Ratio (%)

Distance ratio

Ratio of horizontal distance (feet) between
grid cell and nearest valley bottom and of
distance between grid cell and nearest ridge
crest. Values of #DIV/0! in this ratio occurred
for grid cells at the ridge crest; repairs were
left to the analyst.

Ratio (%)

Elevation ratio

Ratio of vertical distance (feet) between grid
cell and nearest valley bottom and of vertical
distance between grid cell and nearest ridge
crest. Values of #DIV/0! in this ratio occurred
for grid cells at the ridge crest; repairs were
left to the analyst.

Ratio (%)

Source: EcoStat, Inc.
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Table C-2: Master Data Fields Used in Recording Carcasses Found

Recorded Master Data Fields

Record ID: Unique record identifier for all data rows.

Date: Date that a status check or search took place.

String: Unique identifier for a collection of turbines that trial carcasses were placed and searches
occurred.

Species: The species or unknown species determination (ex UNRA, unknown raptor).

Sex: The sex determination of trial carcasses, if known.

Age: The age class of the trial carcass, if known.

Class: The group status of trial carcass, Bird or Bat.

Grid Cell: The dominant grid cell that the carcass occupied on specified date.

Carcass ID: The unique identifier for marked placed trial carcasses, naturally detected carcasses, and
unknown marked carcasses.

Assigned ID: The assigned carcass ID for unknown marked carcasses based on proximity to known
carcass ID positions and presence status.

P_ID: Identifying number for project field manager who conducted status check, and searcher who
conducted search.

Search Outcome: The search outcome, whether a carcass was detected on a day Yes/No.

Presence: The known presence of a carcass on a day Yes/No.

Vegetation height: The vegetation height measure at the position of the carcass.

Scavenger Index: A relative index of carcass condition.

Index 1: A fresh carcass.

Index 2: A partially scavenged or decayed carcass.

Index 3: A completely scavenged or decayed (no remaining edible tissue).

Recorded Master Data Fields

Topo: A topographical feature that the carcass position occupied.

Detection status: The detection outcome generated by a status check or search.

P: Placement of a trial carcass

F: Carcass found

NF: Carcass not found

NC: Carcass position not checked

Detection type: The type of detection (if detected).

S: Found during a standard status check without additional effort.

F: Found during a flushing search around the last known location of a carcass.

I: Found incidentally at an unknown position without a systematic search.

0: Found but not enough evidence to be considered a fatality.

M: Found carcass due to the Marker (FM) or Did Not Find the Marker (NFM).

Source: EcoStat, Inc.
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Table C-3: Data Collected by Project Field Managers for Unknown Carcasses

Date mm/dd/yyyy

Project Field Manager Project field manager initials.

String String number.

Start and End Time 24 hour time. Time when the field technician arrived at the
string and left after completing the search.

Grid Cell Alphanumeric cell address indicating the position of the fatality
remains.

Species Project field manager’s best understanding of species

identification.

Nearest Turbine

The closest complete turbine to the evidence of fatality.

Distance Distance (in meters) from evidence of fatality to Nearest
Turbine.

Bearing Compass bearing from the Nearest Turbine to the evidence of
fatality.

Latitude Longitude GPS NAD 24 CONUS hddd.ddddd

Carcass sign

One or more code can be entered. Coded categories of carcass
sign for evidence of fatality:

F =10 or more feathers

W = partial or intact wing or wings

T = partial or intact tail

PB =body parts or partial body

WB = complete whole body

H = partial skull or complete head

Photo number

Camera letter and photo numbers.

Vegetation height The vegetation height (in inches) at the position of the evidence
of fatality.

Marked Yes or No indicating whether the fatality legs and wings were
taped or whether the flight feather (wing and tail) were clipped.

Carcass ID If the legs were taped, the number indicated was recorded.

Scavenger Index

A relative rating of carcass condition:

1 —Fresh

2 — Partially scavenged or decayed

3 — Completely scavenged (feather spots or bones) or very
decayed

Notes

Source: EcoStat, Inc.
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Equations in the Current Literature
Robert L. Wolpert

The four estimating equations considered here all represent quite similar attempts to
estimate the actual number of avian fatalities in a specified area during each of a sequence
of time intervals from counts of carcasses. For a variety of reasons some carcasses may not
be counted: some may have been removed by scavengers, some may have fallen outside the
search region, and searchers may fail to see some carcasses. The four equations differ in the
assumptions they make in order to adjust for these missing carcasses.

Two of the estimation equations, those of Erickson, Johnson, et al. and of Shoenfeld,
assume that search teams will find both “new” carcasses (those killed during the current time
period) and “old” ones (those killed during earlier periods, but not removed by scavengers
or search teams). Old and new carcasses are assumed to be equally likely to be removed by
scavengers, and equally likely to be discovered in a subsequent searches. These estimators
will under-estimate true mortality if these assumptions are wrong.

Conversely the other two estimation equations, those of Pollock and of Huso, begin
with the assumption that all carcasses counted are new (i.e., died during the current time
interval). Both will over-estimate true mortality if this is wrong.

Shoenfeld’s estimator always exceeds that of Erickson, Johnson, et al., because the latter
assume (incorrectly, in practice) that search teams do not remove carcasses. Huso's esti-
mator is identical' to a special case of Pollock’s: the case in which scavengers are assumed
to remove fresh carcasses and old ones at the same rates (technically, that the “persistence
time” before scavengers remove a carcass have “exponential” probability distributions). Pol-
lock’s estimator does not require that assumption. For exponential persistence times, the
estimators of Erickson, Johnson, et al., Shoenfeld, Pollock, and Huso are ordered consistently

rEJ rs P TrH
Mz.j <Mz.j < Mij gMij

All four give similar estimates when the interval between searches is long compared to
mean carcass persistence times, but differences among them are larger when searches are
made more frequently to reduce the loss of carcasses to scavenging. With frequent searches,
M;} and MZ}; can be as much as three or four times larger than ij for small birds. The key
issue, then, to guide the choice of estimators, is:

What fraction of carcasses missed by a search team might
still be discovered as “old” carcasses in a later search?

If that fraction is 100% then Shoenfeld’s estimator ij is most accurate on average if search
teams remove the carcasses they discover, and Erickson & Johnson’s ]\2/5‘] if they don't.

If that fraction is 0% then Pollocks’s estimator MZ is most accurate on average, with the
side benefit that it does not require the “exponential distribution” assumption.

If that fraction is somewhere between 0% and 100%, then some sort of compromise
between MZS] and le; is called for. Such a compromise is proposed and described in Appendix
A, A New Equation for Estimating Avian Mortality Rates.

!Except that Huso’s estimator is inflated by about 1% in the rare case when intervals between consecutive
searches are more than 4.6 times the average length of time before scavengers remove a carcass.

D-1

AR057212


Heather
Text Box
APPENDIX D: Figures Illustrating Biases for Equations in the Current Literature

heather
Rectangle


Additional Documentation Attachment to Comment 2-F1
Attachment I-3

Figures Illustrating Equation Biases

Figures 1-6 below show eight-week simulations of carcass arrivals and removals by scav-
engers as stair-step curves increasing at each arrival and decreasing at each removal, with
searches at specified intervals from two to 56 days. Carcasses discovered and removed are
indicated by downwards pointing red arrows; expected numbers of carcasses are indicated
by smooth blue curves.

Figures 1-3 assume exponential distributions for persistence times (so scavengers remove
fresh and older carcasses at the same rates), while Figures 4-6 assume Weibull removal
distributions with parameter values suggested by our data.

Figures 1, 4 assume that only “new” carcasses can be discovered, so each curve begins
each search period with zero carcasses. This assumption underlies Pollock’s and Huso’s
estimators, so their bias is zero in the exponential persistence case, Figure 1 (and, for Pollock,
also for Weibull persistence, Figure 4).

Figures 3, 6 assume that 100% of old carcasses remain discoverable, so each curve begins
at the point of the red arrow (indicating that carcasses disappear only because of their discov-
ery by search teams). This assumption underlies Erickson, Johnson, et al.’s and Shoenfeld’s
estimators, so Shoenfeld has no bias in Figure 3. Erickson, Johnson, et al. still underestimate
M;; there because of their assumption that search teams don’t remove carcasses.

Finally, figures 2, 5 take the compromise position that (on average) 50% of undiscovered
carcasses will remain discoverable; typically here Erickson, Johnson, et al.’s and Shoenfeld’s
estimators will underestimate, while Pollock’s and Huso’s will overestimate.

Below each of these thirty plots is a table giving the bias (as a percentage of the truth)
for each of the four estimators (or five, for Weibull distributions, where results for both
exponential and Weibull versions of Pollock’s estimator are reported).

All the biases are smaller for long search intervals (at the top of each figure) and greater for
shorter ones (at the bottom of each figure). Huso’s estimator is identical to the exponential
version of Pollock’s, and so has the same bias in every case. The new estimator described in
Appendix A, A New Equation for Estimating Avian Mortality Rates, has zero bias in all of
these cases.
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Figure 1: Exponential Persistence, Full Degradation: o =1, 8 =0
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Figure Walk-through

Robert L Wolpert
October 26, 2012

1 Introduction

Figure (1) shows two views of the same simulated two-week period, in which fatality occurs
at a rate of about one per day and in which weekly searches were made with proficiency
sij = 30%. Carcass persistence is exponentially distributed with mean ¢;; = 15d, and
6 = 50% of undiscovered carcasses remain across search intervals (those that do not remain
might be thought to have decayed). Table 1 shows the arrival time and fate of each carcass.

Upper Figure

Each fatality is shown in the upper “Time line” figure as an “x” mark, followed by a
horizontal line that indicates the fate of this particular carcass.

Carcasses eventually removed by scavengers are shown in red, with a red dashed red line
extending from a red cross “x — —” marking the fatality to an open circle “— — o” marking
the removal. Vertical position in this plot is another indicator of persistence— points are
sorted so the carcasses removed most quickly are at the top, those removed most slowly at
the bottom (for more on this see p.3 below).

Carcasses eventually discovered in searches are shown as solid black lines, beginning at a
black “x—" marking the fatality and ending at one of the weekly search times on days zero,
seven or fourteen. Discoveries are marked by black filled circles “—e” for “new” carcasses,
i.e., those from the search week, while “old” carcass discoveries are marked with crossed
squares “—x".

Finally, undiscovered carcasses that become undiscoverable are marked by faint dotted
blue lines, beginning at a blue cross “x - - -” marking the fatality and ending unceremoniously
at a search time. We’ll discuss the curved lines in the top figure below on p. 3.

13

Lower Figure

The ground “Carcass Count” is shown in the lower figure as a stair-step curve G(t) that
indicates the number of discoverable carcasses on the ground at each time ¢. Between
searches, this increases by one with each new fatality and decreases by one with each removal
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by scavengers. After each search time, G(¢) drops by the number of carcasses discovered and
removed by the Search Team, which is indicated by a downward red “|”. In addition, some
carcasses may “disappear” as they become undiscoverable (or perhaps decay); if so, G(?)
will drop further to begin the next period at a value below the red arrow point, indicated by

an open square “0”. The number possibly discoverable at each search is shown by the filled

square “m”.

In the bottom figure, the smooth blue curve shows the expected number of discoverable
carcasses for the model assumed by the Pollock and Huso estimators— beginning each period
with zero carcasses at a blue “o—", then rising smoothly over the period to a peak marked
with a blue “—e”  then dropping to zero to begin the next period due to those estimators’
assumption of “zero carcasses beginning each period”, or “no old carcasses”. Those curves
generally lie below G(t), because their “no old carcass” assumption is false in this simulation,

leading estimators Ml‘; and Mg of Pollock and Huso to overestimate A;; on average.

A Walk Through This Simulation

This simulation begins at time t = 0 with G(0+) = 2 discoverable carcasses present, the
remnants of the arrivals, removals, and weekly searches from 50 earlier simulated days (not
shown) generated to ensure that this two-week period would be typical. Sixteen additional
simulated fatalities occurred between days 0 and 14, about what one would expect for an
average daily mortality of m;; = 1/d.

The first new fatality occurs 0.838 days (20 hours, 7.5 minutes) into the simulation,
indicated by a red x at the top left in the upper figure and by the unit increase of G()
by one (from 2 to 3) in the lower one. The top figure shows that this carcass is eventually
removed by scavengers at time ¢t = 2.015; this event is indicated in the lower curve by a drop
of G(t) from 5 to 4.

G(t) had risen to 5 by time ¢ = 2.015 due to the second and third fatalities, which arrived
just 41 minutes apart at times ¢ = 1.27 and ¢ = 1.30, increasing G(t) by one at each event.
The earlier of these two is eventually removed by scavengers at time ¢ = 4.92, but the latter
lasts long enough to be discovered by the Search Team on day seven.

The Day 7 Search

The lower figure shows that G(7) = 8 discoverable carcasses were present for the day-7
search, and that three were discovered then (because the red arrow “]” extends from 8 down
to 5). Two of the three discovered carcasses were “new” ones, that arrived at times ¢ = 1.30
and t = 2.41; the other one was an “old” carcass, that arrived at time t = —0.17, four hours
and five minutes before the start of our two week-long simulation. Of the five carcasses that
were present but not discovered in the day-7 search, two became undiscoverable (on average
we would expect (1 —6) = 50% of them to do so), leaving G(7+4) = 3 discoverable carcasses
just after the search to begin the second week.

In the top figure, the two carcasses that become undiscoverable are indicated by blue
x +++” marks beginning at times ¢ = 3.58 and ¢t = 5.90, and ending with the search at

“

D-10

AR057221



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

t = 7. That figure also reveals the eventual fate of the other G(7+) = 3 carcasses that
were present but not discovered in the day-7 search— one of them (the one that arrived
at t = 2.42) is eventually removed by scavengers at time ¢ = 13.78, just before the day-14
search, while the other two eventually became undiscoverable (decayed, perhaps), one on
day 14 and one later (on day 21, as it happens).

The Day 14 Search

The search on Day 14 discovered three carcasses, all “new” (having arrived at times ¢ = 10.50,
11.77, and 13.23, all in the range (7,14]). Four carcasses were missed in this search: two
that arrived just minutes apart at ¢ ~ 1.43, which were also both missed in the search on
day 7 and both of which are eventually lost to decay, one arriving at ¢ = 13.23, also lost to
decay; and one (the red x — —) arriving at ¢t = 12.58, that will eventually be removed by
scavengers at time ¢ = 27.13 after eluding discovery in both the day-24 and day-21 searches.

The Curves in the Top Figure

Height in the top figure is in fact the “quantile” of the persistence times— so half the arrivals
(all marked by x’s) are in the upper half of the figure, 10% in the top (or bottom) tenth, and
so on. In fact, the sixteen arrival marks “x” are distributed perfectly evenly (or “uniformly”)
in the two-dimensional rectangle with height 0 < y < 1 and width 0 < ¢ < 14.

The smooth black curves in the upper figure mark the earliest time a carcass can arrive
and still be unremoved by scavengers at the next search time. SO, every x outside all the
triangular regions marks the arrival of a carcass that will be removed by scavengers before
the next search (and so is red), while every “x” inside the triangular regions will still be
on the ground at the time of at least one search. If it is undiscovered in that search then it
still might be removed by scavengers or to decay (and hence some of those marks are red x
or blue x). More frequent searches (smaller values of [;;, here 7) reduce loss to scavenging
precisely because they reduce the area outside these triangular regions, but evidently there
is a rapidly diminishing return on investment when I;; is reduced far below ¢;; (here 15d),
because there is little remaining area outside the union of triangles; see Figure 2.
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Figure 1: Two graphical views of consecutive one-week searches: Individual time-lines (top),
Ground carcass count (bottom). Search proficiency is s;; = 30%; persistence is exponential
with mean t;; = 15d; # = 50% of undiscovered carcasses remain discoverable for future
searches.
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Figure 2: The same simulation, but with I;; = 2-day search intervals. Note fewer carcasses
lost to scavenging, but only one more discovery (7 in the seven searches on days 2/4,...,14).

Serial Arrival | Departure | Fate
—0.1703770 | 7 Disc
—0.1270495 | 5.201678 | Rem

1 0.8383745 | 2.015476 | Rem
2 1.2684557 | 4.922724 | Rem
3 1.2967885 | 7 Disc
4 2.4092051 | 7 Disc
5 2.4233033 | 13.776822 | Rem
6 2.4236632 | 21
7 2.5218538 | 14
8 3.5768155 | 7
9 4.8454552 | 5.590141 | Rem
10 5.8996038 | 7
11 7.4934336 | 8.690271 | Rem
12 | 10.5000953 | 14 Disc
13| 11.7721292 | 14 Disc
14 | 12.5795863 | 27.139489 | Rem
15| 13.2330163 | 14
16 | 13.3854000 | 14 Disc

Table 1: Arrival and depature times for the sixteen carcasses appearing during period (0, 14]
and the two earlier carcasses still present past time ¢ = 0.
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Background

CalWEA

A 2007 CEC/CDFG Guidelines

— Guidelines for Reducing Bird & Bat Impacts from Wind
Energy Development

A 2008 CEC Research “Roadmap” on Impact
Assessment Methods

42008 CEC PIER RFP

42009 CEC PIER Award to CalWEA
— Address Guidelines’ Appendix F

A 2011 Supplemental FWS Grant to CalWEA

‘IH Project Goals

CalWEA

A Improve the accuracy of methods for
estimating the number of bird and bat fatalities
associated with wind energy facilities

A Provide guidance leading to improved
procedures for mortality monitoring at wind
energy facilities




Preview of Conclusions

CalWEA

A Fatality estimators in use often produce biased results

A This calls into question the appropriate use of
traditional estimators where the error would be of
consequence, whether for project-specific results,
industry averages, or industry totals

A Standardized methods are needed to generate fatality
detection probabilities and fatality estimates

A Our proposed new estimator produces unbiased
results, and requires new field protocols

Field Study Design and Findings

CalWEA




Field Study Design Details

CalWEA

A In all cases, prior to searches the true number and
location of carcasses is known to PFMs, but notto FTs

A Each string is searched for up to 60 days, or until all
carcasses are removed

A Strings selected to represent various environmental
conditions, including grass
height, slope, vegetation type

A Carcasses are tagged and
followed consistently
throughout study period by
PFMs

Survey Design Characteristics
CalWEA

A January 7, 2011 — April 1, 2011

A Weekly searches by FTs

A PFMs sampled and noted carcasses approx. every
3 days

A Blocks of strings sampled simultaneously, surrogate
for time changes in ecology

Sl e 2 Incidentally found Study
carcasses carcasses
placed during placed carcasses added length
study during study 1D Sl (V)
90 78 21 113




FT conducting a search

CalWEA

‘IH Searching in tall grass

CalWEA

| PFM Status Check |




Searching in short grass

CalWEA

| PFM Status Check |

Percent of Birds and Bats Observed

CalWEA
Average detected Unique carcasses
: Detected ) .
Species ; : over all trials for ~ detected during
18t observation

all observers study

Bats 14.1% 8.1% 19.2%

Small Birds 22.2% 17.0% 30.8%

Large Birds 83.3% 67.7% 100%




Searcher Proficiency:
- A Time Dependent Process
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CalWEA

Persistence Probability:
Bats (Weibull Distribution, Mean = 43 days)
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CalWEA

Implications: Field Study

A Carcass persistence is a time-dependent process,
fits best with a Weibull distribution

A Searcher proficiency is a function of time

A Ecological conditions impact searcher proficiency
(e.g., vegetation height)

A Searcher proficiency for bats is considerably less
than for small birds

A Small birds have lower time-dependent
persistence than bats

A Above have implications for selection of estimation
equation and equation inputs

Introduction

Four Equations The Assumptions Something New Something Better

Partially-Periodic Estimation of Avian Mortality

Robert L Wolpert

Department of Statistical Science and
Nicholas School of the Environment
Duke University

CalWEA-CEC Webinar: 2012-09-26

AR057234
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Introduction Four Equations Assumptions Something New

Carcass Counts and Avian Mortality

Let's start with Repeated carcass counts by Field Technicians at
regular intervals in specified regions near specific turbines, with:

li  (interval) = days between successive searches,

Mi;  (mortality) = number of carcasses during interval,

Cii (count) = number of carcasses counted by FTs,
Naive estimate M,J = Cj;” would be okay if:

e Ai: No carcasses at start of interval;

e A,: Every fatality leads to a carcass;

e As: No other carcass sources;

e Ay,: Carcasses remain throughout period;

e Ag: Field Technicians find every one.

Introduction Four Equations The Assumptions Something New Something Better

More realistically...

Several authors have proposed improved estimators to
accommodate removal by scavengers and discovery failure,
based on one or more of:

pii (persistence) — probability a carcass is unremoved,
rij  (removal rate) = probability per day of scavenging,
sij  (search proficiency) = discovery probability by FTs,

ti (persistence time) = mean days carcass unremoved.

Each estimator embodies some assumptions.
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Erickson & Johnson
Erickson, Strickland, Johnson, Kern (1998):
e — Ciili
§ = &%
Sij tij
Based on:
E[Cij] = Mi; (tij/ 1) (sij)
Assumes:
AY: The system is in equilibrium at each search.
Introduction Four Equations The Assumptions Something New Something Better

Erickson & Johnson in Pictures
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Shoenfeld’s Periodic Equation
Shoenfeld (2004):
I /T ~
s _ C,'j/,'j eli/t —1—|—S,'j
y §,'j tij elilti — 1
Based on:
= Mo (7] —lii/tiy .. , 2\ o i/t
E[Cyj] _MU (ti/l;)(1 —e i/ i) Sij + F[CIJ] (1—sj)e i/ !
New Old
Assumes:
A3: Carcass persistence times have exponential distributions.
A5: New & Old carcasses have same discovery probability s;
A3: Intervals [, mortality and removal rates mj;, rj;, and
persistence s;; are similar in consecutive intervals.
Introduction Four Equations The Assumptions Something New Something Better

Shoenfeld in Pictures
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Reflection...

e Both I\AﬂsJ and I\Aﬂz assume “100% bleed-through” —
Every carcass that is not removed by scavengers, and is not
discovered and removed in a search, remains for possible
discovery in later searches.

e Shoenfeld also assumes exponential distributions for removal.

e Erickson & Johnson also assume equilibrium, even though FTs
remove carcasses discovered in searches.

e Always /\AﬂEJ < I\Aﬂz with small differences if [;; > t;;:

*E) s [E) Sij
M,-j <MU_MU [1—‘_76,'7/“’3—1]

Introduction Four Equations The Assumptions Something New Something Better

Estimators without bleed-through

Perhaps none of the “Old” carcasses that were
e Not removed by scavengers, and
e Not discovered & removed by FTs

are ever discovered in subsequent searches.

If so, we can remove the bleed-through part from Shoenfeld's
equation to get a new estimator:
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Huso's Equation

Huso (2011) proposed:

C,'j I,'j l N

N . 7% i i

VI §,'j tij (1—6 I’//t’/) J J
j— Cij I f
— lij > 1

§,’j ,t\,'j (1—eilij/t"j)

Introduction Four Equations The Assumptions Something New Something Better

Huso's Equation

Huso (2011) proposed:

o Cij ljj

U 5% [0.99 A (1 — e lift)])
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) :
Huso's Equation
Huso (2011) proposed a slight variation on:
S Cij lij
yjy =~ . = T
D5t (L — e il
Based on:
= M- (/] —li/tjy ..
E[Ci] = Mjj (tji/15)(1 — e 9/%) s
Assumes:
Al: Each period begins with no discoverable carcasses.
AS: Persistence times have exponential distributions.
Introduction Four Equations The Assumptions Something New Something Better

Huso in Pictures
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Pollock’s Estimator

Pollock (2007) based an estimator on “average probability a
carcass is unremoved until the search” pj;, instead of more
commonly used mean persistence time t;;:

o Cij .
M) = —— (any dist’n)
= U1 e i/t (w/Expon.)
s o _
= P (L [T+ D)/5]Y)  (w/Weibull)

Based on:
E[Cy] = Mij < pij x s

Assumes:

AT: Each period begins with no discoverable carcasses.

Introduction Four Equations The Assumptions Something New

More reflection...

e Both I\Aﬂ,:' and I\Aﬂl'j assume “0% bleed-through” —
“Old” carcasses are never discovered.

e Huso also assumes exponential distributions for removal.

e Pollock’s equation can be instantiated for any specific re
distribution, or used in “raw” form with direct empirical
estimates of pj;.

e For exponential removal,
wid 1S 4P pyH

(unless l;j > 4.6t;;, when I\Aﬂ,'j is 1% bigger than MZ)

Something Better

moval
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Do the differences matter?

o If [ > t;j (That is, if search intervals are long compared to
mean persistence times), Then NO, all four estimators give
about the same answers.

e BUT, they differ substantially under more frequent sampling.
e For typical search proficiencies of 25% < s;; < 60%,

If Iy~ 2t5,  MF is 4= 9% lower than M
M8 = R15 is 6-11% higher;,

If lij =~ tjj, M,-S-J ) is 13-26% lower than M,-Sj
Mi:! = MZ- is 17-38% higher;

If I =~ Lt, /\AﬂsJ is 28-48% lower than /\Aﬂz

M,-;'- = M,-JP- is 32-83% higher
e No matter how short /; is, /\Aﬂz Is never more than s;; times

smaller than I\Aﬂ,'j = I\AﬂiJP- (at most a factor of 3 or 4).

Introduction Four Equations The Assumptions Something New Something Better

Are the Assumptions True?
Exponential persistence?
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Are the Assumptions True?
Exponential persistence?
e Weibull, Lognormal, Fisk (Log-logistic) distributions all fit
data far better than Exponential.
e Ex()) is the special case “a = 1" of We(a, \)
e Maximum Likelihood Estimate of « for small birds was
& = 0.4606, Standard Error = 0.0532
e MLE is 10.14 SEs away from Exponential Dist'n (o = 1)...
P-value is 1.8 x 1024, far below 0.05.
e Higgs Boson discovery claim was based on 5 SE difference.
Introduction Four Equations The Assumptions Something New Something Better

Are the Assumptions True?

Constant Proficiency s;?
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Zero bleed-through? 100% bleed-through?

7 xaorinTg LIl

Four Equations The Assumptions Something New

For long search intervals, bleed-through doesn’t matter.

For short search intervals, probably some old carcasses are
discovered.

Falling search proficiency with carcass age ameliorates this—
old carcasses are less likely to be found.

None of the existing estimators reflects falling s;;.

Introduction

Four Equations The Assumptions Something New Something Better

A note about “Mean Persistence Time" t;

Most estimators depend on estimates of average time t;; until
removal by scavengers.

This is a hard thing to estimate, because of censored
observations and heavy tails.

If persistence really had exponential distributions it wouldn’t
matter... but evidence shows that's wrong.

Methods recommended in the literature systematically
underestimate tj;.

The relation between daily removal rates and t;; is highly
model-dependent.
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Something New: A Unified Partially-Periodic Estimator

eli/ti — 1

e — Cili {e"'f/?"f — 01 —§ij)}7

with “bleed-through” parameter 0 < 6 < 1. Special cases:

e 1=0: Identical to estimator of Huso and Pollock

e 1 =1": Identical to estimator of Shoenfeld

e (= 1}5 . Identical to estimator of Erickson & Johnson

1)
For values 0 < @ < 1, this interpolates among them.

Based on:

E[Cy] = My (5/1;)(1 — e7'i/f%) s+ 6 E[Cy] (1~ s5) e /%

Introduction Four Equations The Assumptions Something New Something Better

But...

This form of the Partially Periodic Estimator allows one to
overcome the bleed-through problem, but

It still assumes exponential distributions
(as do Shoenfeld’s and Huso's estimators)

It still assumes constant search proficiency
(as do all four previous estimators)

Something better is needed.
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Something Better

A new estimator based on the assumptions:

e Declining removal rate achieved through Weibull We(«, r)
persistence distribution

Plr > t] = e (re)®

for some parameters 0 < a <1, r > 0;

e Diminishing proficiency

sij (tk) — e—a—btk

where t;, denotes the “age” of kth carcass

e Partial periodicity, with a fraction 0 < 6 < 1 of remaining
carcasses still discoverable

e Parameters (a,r), (a,b), 0 are estimated in Detection
Probability Trials designed to accommodate censoring.

Introduction Four Equations The Assumptions Something New Something Better
The New Estimator:

o — Cili
ij ngj
where Cj; is the Carcass Count, [j; is Interval Length and, for 8 =0

(no bleed-through, as in Huso and Pollock), and R} is the adjusted
(for diminished search proficiency) remainder factor:

li
R% = / exp (| — (rj x)* —a— bx | dx
=), oe (- )

Easily calculated on a computer— or, for & &~ 1/2 as in our small
bird data, available explicitly as

RZ; = Q*(O, d, b, r,J) — Q*(IU, a, b7 rij)7 Where
Q*(X;a,b,r) :exp(_a—bX—\/E)/b

_ gmatr/4b ¢( — V2bx — \/r/Qb)@/wr/b?
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Summary

New estimator:

Includes as special cases those of Erickson & Johnson,
Shoenfeld, Huso, and Pollock,

Extends to Partially Periodic case of 6 > 0,

Allows exponential or more realistic Weibull persistence times
with declining removal rate,

Allows constant or more realistic dimishing proficiency,

Is not much harder to use than existing ones, after an
integrated detection trial to estimate the five parameters
(a, r) (for persistence distribution),
(a, b) (for proficiency), and
0 (for bleed-through).

Introduction

Four Equations The Assumptions Something New Something Better

Suggestions:

For short intervals /;; < tj;, bleed-through 0 is important—
getting it wrong will distort estimates (up or down).

For long intervals [;; > t;;, diminishing proficiency s;(t) is
important. So is declining removal rate: use Weibull or Log
Normal or Log Logistic removal distributions, not exponential.

For moderate intervals /;; =~ t;; and search proficiencies Sij,
ratios among estimators are no worse than about 3:2.

All these issues (bleed-through, diminishing proficiency,
declining removal rate) can be addressed with a modest
increase in complexity with a partially periodic estimator
and a suitable integrated detection probability trial.
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Summary: Model Comparison
CalWEA Model Characteristics

A Contrasting with lessons from the field work:
— All models assume constant searcher proficiency

— Some models assume an exponential distribution
(fresh and older carcasses equally attractive to
scavengers)

A Some models assume bleed-through (Shoenfeld),
some don’t (Huso, Pollock), and E&J assume
equilibrium

Summary: Model Comparison

CalWEA

A For exponential removal:

Erickson & Johnson < Shoenfeld < Pollock < Huso

A Even though biased, if search interval is long compared
to mean persistence time:

— All 4 estimators give about the same results

A But, if search interval is short relative to persistence:

— Differences among equations increase




Are Short Search Intervals Useful?

CalWEA

A Short search intervals increase chance of bias

— Short intervals do not allow system to reach equilibrium,
inconsistent with E&J assumption

— Huso and Pollock assume 0% bleed-through, therefore bias
will occur if bleed-through is more

— Shoenfeld assumes 100% bleed-through, therefore bias will
occur if bleed-through is less

A New partially-periodic equation allows for any bleed-through,
therefore works very well with short or long intervals

Comparison of Bias in Estimators at Various Search Intervals and
"Bleed-Through" 8 Assumptions with Removal Distribution a = 0.7

150%

100% — —
wv
g 50% _— -
Fe)
c
@
: I
Q 0% u
-50%
-100%
56 days 28 days 14 days 7 days 2 days
M Erickson6=0 M Erickson®=0.5 Erickson6 =1
M Shoenfeld®6 =0 Shoenfeld® =0.5 Shoenfeld6 =1
H PollockExp 6 =0 M PollockExp 6=0.5 PollockExp 8 =1
Pollock Weibull® =0 Pollock Weibull® =0.5 Pollock Weibull® =1
B Huso6=0 Huso 6 =0.5 Huso B8 =1




Recommendations

CalWEA

Given the shortcomings of traditional estimators ...
Traditional fatality estimators do not sufficiently account for

— Time-dependent processes of carcass persistence and searcher
proficiency, and

—  “Bleed-through” (the portion of carcasses persisting through a
search interval that can be detected in subsequent search
interval)

... CalWEA'’s Research Team developed and recommends:
— New fatality estimator (“partially-periodic” presented above), and

— Integrated detection probability trial methodology

Why Traditional Detection Trials
CalWeA Won't Work

A Traditional Searcher Proficiency Trials
— Only fresh carcass detection events

— One day trials

A Traditional Carcass Persistence Trials

— No way of measuring bleed-through




CalWEA

CalWEA

1. A preliminary traditional carcass persistence trial
2. Strategic placement of trial carcasses

3. Traditional schedule of carcass checks, with additional

Requirements for a New Integrated
Detection Probability Trial

checks on the same day as scheduled searches

Searchers record detected trial carcasses over
multiple search intervals

Measure the proportion of carcasses that persist
(bleed-through) from one search interval to the next to
derive the term theta

Analytical Products Gained From
New Integrated Detection Trial

1. Time dependent probabilities for carcass
persistence and searcher proficiency

2. A measurement of theta (bleed-through)

3. Traditional fatality estimator parameters are
conserved




Conclusions
Policy Decision Implications

CalWEA

A Potentially faulty fatality estimates are
being used in decision-making

A Are the errors of consequence?

— Accuracy vs. precision

A Caution is required ...

Conclusions
Policy Decision Implications

CalWEA

A Caution needed in determining:
— National avian and bat mortality
— Industry averages
— Regulatory standards for monitoring

— Numerical “thresholds” for post-construction monitoring
and adaptive management requirements

A Caution needed when comparing:
— Specific project results to national industry averages
— Intra-project results where study approaches have differed
— Results among wind facilities

A What degree of accuracy and precision is needed?




Conclusions
CalWEA Study Design Implications

A To generate accurate and comparable fatality
detection probabilities and fatality estimates

— Uniform, standardized methods are needed

— Partially periodic equation produces unbiased results

— New equation requires new field study protocols

Final Thoughts & Questions

This webinar will be posted (early October)
and the final report by (November)

www.calwea.org

CalWEA
. AR057253
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SECTION 1.0 — INTRODUCTION

The Centinela Solar Energy Project (CSE Project) includes the construction, operation, and maintenance
of a solar electric power generating facility and associated electrical line on private and federal lands in
southern Imperial County, California. The Post-Construction Bird and Bat Conservation Strategy (BBCS)
addresses the implementation of a post-construction avian mortality monitoring program to evaluate
whether anticipated baseline impacts on avian species are consistent with actual outcomes on a San
Diego Gas & Electric (SDG&E) managed portion of the CSE Project (CSE BBCS Project). The purpose of the
CSE BBCS is to implement a program to identify and avoid risks to avian and bat species that could result
from post-construction activities and maintenance of the CSE Project. The goal of this CSE BBCS Project
is to implement a series of best management practices in order to operate the CSE Project to avoid or
reduce risk to birds, bats, and their habitats. The CSE BBCS Project includes post-construction
monitoring intended to facilitate documentation of avian mortalities that might occur and to identify
factors associated with avian mortalities. The BBCS requires implementation of the proposed monitoring
program and will assist the United States Fish and Wildlife Service (USFWS) and U.S. Department of the
Interior Bureau of Land Management (BLM) to evaluate the effectiveness of the avoidance, protection,
and minimization measures. This report is intended to provide an annual report of post-construction
monitoring for avian mortalities along the portion of the generation-interconnection (gen-tie) electric
line currently owned and operated by SDG&E.

11 PROJECT DESCRIPTION

The BLM El Centro Office approved Alternative 3 of the CSE Project EIR/EA on December 15, 2011 (BLM
2011). The general location of the CSE Project is the Mount Signal area of Imperial County,
approximately eight miles southwest of the city of EI Centro, Imperial County, California (Figure 1). The
CSE Project consists of an approximately 2,067-acre solar electric power generating facility (CSE Facility)
and double-circuit, 230 kilovolt (kV), overhead electrical line (gen-tie line) that will connect to the
Imperial Valley Substation (IV Substation) on federal land managed by the BLM (Figure 1). The CSE
Facility and gen-tie line are collectively referred to as the CSE Project.

The CSE Facility site is comprised of approximately 2,067 acres of private land. The Applicant controls
the CSE Facility site through a combination of options to purchase and lease agreements and fee
ownership by an affiliate. Major features of the CSE Facility site includes a photovoltaic (PV) array field,
substation, switchyard, earthen storm water retention and detention basins, access roads, perimeter
fencing and a common service area that includes support buildings and maintenance facilities. The gen-
tie line originates at the CSE Facility substation, located immediately south of Highway 98 and
approximately 0.5 mile east of Pulliam Road, and extends approximately 1.5 miles generally west
through the CSE Facility site. From the western boundary of the CSE Facility site, the gen-tie line
continues west across the Westside Main Canal and through private agricultural lands south of Highway
98. The BLM right-of-way (ROW) for the gen-tie line encompasses the segment from Mount Signal Road
south of Highway 98 and traverses approximately 1.25 miles of native desert west and then north to a
location just north of Highway 98, where the gen-tie line crosses under the existing 230kV lines and
interconnects with a radial line owned by SDG&E, providing an electrical connection to the IV Substation
(230-kV interconnect). The gen-tie line includes the constructed Drew Switchyard on the CSE Facility site
east of the Westside Main Canal, and both sides of the double-circuit structures between the Drew
Switchyard and the connection to the SDG&E radial line that was utilized by CSE to construct the “loop-
in.” The gen-tie line design consists of double-circuit, tubular steel monopole structures, with tubular
steel H-frame and three-pole dead-end structures at the undercrossing location. Typical tower structure

Chambers Group, Inc. 1
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heights range from 100 to 130 feet. Each side of the double-circuit structures will support three two-
bundle conductors and one shield wire. Typical overall structure widths are approximately 20 feet for
the double-circuit structures.

The portion of the CSE Project that SDG&E is responsible for monitoring as part of the CSE BBCS Project
consists of the approximately 2.5-mile portion of the gen-tie line from Drew Switchyard to the 230kV
interconnect. Upon the conclusion of construction of the CSE Project, operation and maintenance
associated with the 2.5-mile gen-tie line became the responsibility of SDG&E. Ownership of the gen-tie
line from the Drew Switchyard to the 230kV interconnect was transferred to SDG&E following
construction in September 2013. Upon transfer of these assets, SDG&E assumed responsibility for
monitoring the approximately 2.5-mile gen-tie line to comply with the terms of the CSE BBCS, Section 6,
Post-construction Monitoring.

Chambers Group, Inc. 2
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1.2 POST-CONSTRUCTION MONITORING

Section 6 of the CSE BBCS necessitates the implementation of a post-construction avian mortality survey
program. Post-construction monitoring is designed to evaluate whether anticipated baseline impacts on
avian species are consistent with actual outcomes.

During the year one survey (October 2013 — September 2014), post-construction mortality monitoring
occurred over the first seven days of each month. Monitoring occurred by transect, with portions of the
line that were sampled accounting for at least 20 percent coverage of the gen-tie line managed by
SDG&E. Information was collected for all mortalities observed including: Universal Transverse Mercator
(UTM) location, species, sex, age, distance from nearest CSE BBCS Project component, bearing from
nearest CSE BBCS Project component, observable injuries, surrounding habitat, and photos.

Following discussion with BLM and USFWS in February 2015, the year two post-construction mortality
monitoring study design was modified beginning March 2015, to include surveys twice weekly with no
more than three days occurring between surveys. To capture additional data, the year two survey period
was extended to 15 months (October 2014 — December 2015). Similar to the year one survey,
monitoring occurred along the 1.25 miles of the creosote scrub habitat portion of the line from Mount
Signal Road north to the 230kV interconnect, located on BLM land (Survey Area). The modified design
increased the Survey Area to include 50 percent coverage of the gen-tie line managed by SDG&E,
representing an increase of 100 percent from year one of the study. Information collected for all
mortalities observed followed that of year one of the study. Per guidelines outlined in Section 6 of the
CSE BBCS, data collected during the post-construction avian mortality surveys will be used for two
primary analyses using the statistical software programs DISTANCE and MARK: (1) estimate the most
effective transect survey width to search for carcasses and (2) estimate total avian mortality on the gen-
tie line during the 15-month period beginning October 2014 and ending December 2015.

13 STUDY BACKGROUND

Avian collisions with man-made structures are estimated to be one of the leading causes of non-natural
death of birds worldwide. Estimates of avian collisions and mortalities with electrical power lines are
lacking and very challenging to determine due to the variety of biases. Detection and reporting of avian
line strikes vary due to observer detection bias, scavenger removal, habitat type, crippling bias, and
seasonal abundance (Rioux et. al 2013). The CSE BBCS Project will provide valuable data on the impacts
of this 230kV gen-tie within this arid desert region of southeastern California.

Collision events are rarely directly observed in the field, thus the best method for measuring collision
rates is for trained observers to search for carcasses (Rioux et. al. 2013). Detection biases have been
carefully considered during the design modification of the CSE BBCS. Observer detection bias can vary
depending on weather, habitat conditions, and carcass size. The selected study area is comprised of
creosote scrub habitat characterized by low vegetation ground coverage and low height. Additionally,
the Survey Area is within the Yuma desert which experiences favorable weather conditions for detecting
avian line strikes. Due to favorable observation conditions, it was not anticipated that observer bias
would have significant impact on detection of avian line strikes. Observer bias studies were conducted
during year one only. The observed bias studies resulted in 93 percent detection of placed objects. The
observer bias studies are addressed further in Section 2 and Section 3.

Scavenger removal of carcasses is a potentially serious bias in desert conditions. High visibility of
carcasses to both mammal and avian scavengers in the desert environment means scavenger removal

Chambers Group, Inc. 4
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rates may be high at the selected Survey Area. Additionally, anticipated increases in scavenger
abundance (e.g., nesting by scavengers such as common ravens, loggerhead shrikes, and raptors during
the spring months) is expected to coincide with seasonal changes in avian abundance (spring migration),
further confounding the bias. It is anticipated that scavenger removal rate will have a significant impact
on detection of avian line strikes and is addressed further in Section 2 and Section 3.

Chambers Group, Inc. 5
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SECTION 2.0 - METHODS
2.1 SELECTION OF STUDY AREA FOR INCREASED DETECTIONS

The portion of the CSE Project that SDG&E is responsible for monitoring as part of the CSE BBCS Project
consists of the approximately 2.5-mile portion of the gen-tie line from the constructed switchyard (Drew
Switchyard) to the 230-kV interconnect (Figure 2). From the Drew Switchyard, the gen-tie line extends
east through 1.25 miles of agricultural lands followed by 1.25 miles of creosote scrub habitat,
terminating at the boundary of the existing SDG&E north-south, 230-kV ROW. However, executing the
CSE BBCS within the area described above, specifically the private agricultural land located on the
eastern half of the gen-tie line, posed several complications with regard to data collection, survey
replication, land access, confounding variables, and surveyor safety. As such, during year one of the
study, 20 percent of the 2.5-mile gen-tie was selected for study within the 1.25 miles of creosote scrub
habitat located on BLM land on the western half of the CSE BBCS Project area. During review of survey
efforts from October 2013 to February 2015, it was determined by USFWS and BLM to redesign the
survey protocol to increase probability of avian line strike detections to fulfill the requirements of CSE
BBCS. The survey area was redefined beginning March 2015 to include the full 1.25 miles of creosote
scrub habitat located west of Mount Signal Road, beginning at the Drew Switchyard and extending west
and north to the 230-kV interconnect (Figures 2 and 3), to account for 50 percent coverage of the entire
gen-tie line. The modified Survey Area extends 2,012 meters along the centerline and buffers out 20
meters on either side of the centerline. In addition, the timing of the surveys were modified from
occurring during the first seven days straight of each month, to occurring weekly on Tuesdays and
Fridays throughout each month. The modifications in the Project survey design are intended to result in
a higher detection of mortalities along the gen-tie.

Within the Survey Area, four transects were assigned and labeled with letters “A” through “D.”
Transects were spaced 10 meters apart, with transects B and C occurring 5 meters on either side of
centerline. Transects A and D were placed 10 meters from transects B and C, respectively, situating
them15 meters on either side of center line in order to provide full visual ground coverage of the survey
area (Figure 3).

2.2 TRANSECT SAMPLING

During transect sampling, two biologist walked transects, scanning the ground for evidence of avian
mortalities such as carcasses, feather spots, scavenged carcasses, or individual feathers (sign). When
sign was observed, the biologists marked their location from which the observation occurred on the
transect with a pin flag, and collected and entered data on the Avian Mortality Reporting Form
(Appendix A). Once all data was collected and entered, the biologists returned to their marked location
and resumed transect sampling.
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23 OBSERVER BIAS STUDY

The observer bias study was conducted during year one only along the original Project Survey Area
design. As such, the study area included only 20 percent of the gen-tie line. The observer bias study was
conducted concurrently with transect surveys during year one to eliminate any differences in variables
between the surveys. Up to 40 trial birds (observer bias objects) with unique numbers were placed at
random within the survey transect areas. Random placement locations within survey transect areas
were selected using the “Create Random Points” tool in ArcGlIS. Artificial birds with realistic feathers and
coloration were used as observer bias objects. Study objects ranged from 3.5 to 5 inches in length.
Coloration of study objects were brown, gray, other drab colors, and yellow, to mimic species naturally
occurring within the survey area, such as migrating warblers and sparrows (Photograph 1). Locations for
placement of observer bias objects were documented using Arc GIS software. A sample of randomly
generated observer bias object locations is included in Figure 4. To remove bias, the biologist placing
trial birds did not conduct avian line-strike surveys for the given survey period. Random selection of
placement for observer bias study objects was repeated for each round of surveys.

Photograph 1.
Representative examples of
observer bias objects used
for study

R I,yyj”ull'l'['l'"l,‘l'l'l'{ml";h

When avian mortality surveyors located an observer bias object, information including UTM location
and assigned object number was recorded to verify data collection accuracy. The object was then
collected and removed from the survey area. Observer bias study data was collected during each trial
period to account for varying avian abundance, seasonal variables, and environmental variables that
may change over the course of the year. Additionally, conducting the observer bias study concurrently
with the mortality surveying efforts ensures that the observer’s effort is consistent across studies.
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2.4 SCAVENGING BIAS STUDY

During transect sampling, all sign of avian mortality was recorded and given a unique identifier. Unique
identifiers were assigned by year, month, day, and the number of avian mortalities observed during the
day. For example, the second (02) potential avian mortality observed on April 14, 2015 would be labeled
20150414 _02. This unique identifier was used to conduct follow-up monitoring observations for each
intact carcass located during the following survey period. Following initial observation, biologists
checked the status of each carcass during all subsequent surveys for use in the scavenger bias study.
Observers returned to each mortality to monitor for scavenger activity until the carcass was naturally
removed. Once a carcass was no longer present, biologists recorded the last day the carcass was
observed. The initial and last observation dates the carcass was observed were used to determine the
average number of days carcasses persisted within the survey area prior to being naturally removed.

2.5 CARCASS REMOVAL TRIAL

Two rounds of carcass removal trials were conducted over the course of five consecutive days. Carcass
removal trials were conducted concurrently with BBCS mortality surveys where feasible. Carcass
removal trials consisted of 10 avian carcasses (brown-headed cowbirds) randomly placed within the
BBCS Survey Area at sunrise, when mortality surveying typically occurs (Figure 5). Care was taken to
survey for potential scavengers during the placement of carcasses so as not to attract scavengers to the
area. Following placement of the trial carcasses, biologists returned to monitor scavenging and removal
of carcasses daily at sunrise. During the five day monitoring period, two of the trial carcass checks
occurred during scheduled BBCS mortality surveys, for a total of three additional days for each trial
period. During carcass checks, presence/absence, condition, and sign of all trial carcasses was
documented. Information collected was used to determine the rate of carcass removal between BBCS
mortality surveys (two day and three day intervals). This data was used to extrapolate the number of
mortalities likely occurring during days when BBCS mortality surveys did not occur based on the
observed number of mortalities and known observer bias/detection rates. A total of two trials were
conducted; one in late spring (May) and one in summer (June). No trials were conducted during fall and
winter due to expected low numbers of observed mortalities and relative decline of potential
scavengers during the avian non-breeding season.
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SECTION 3.0 — RESULTS
3.1 TRANSECT SAMPLING RESULTS

Sixteen intact avian carcasses were observed during transect sampling within the Survey Areas during the survey year (October 2014 —
December 2015). In addition to documenting intact carcasses, data was collected when scavenged, dismembered carcasses, or injured birds
were observed during transect sampling. Table 1 shows the number of carcass observations by carcass condition observed during each survey
period. Table 2 summarizes the total number of mortalities observed by carcass condition for survey year two. The location of all observed
carcasses is shown in Figure 6.

Table 1: Number of Carcass Observations Per Month

Carcass November | December | January September November | December

Condition 2014 2014 2015 2015 2015 2015
Intact 0 0 0 0 0 3 3 5 1 0 1 2 1 0 0
Scavenged 0 0 0 0 0 0 1 2 0 0 0 1 0 0 0
Dismembered 0 0 0 0 0 0 0 1 1 1 0 1 0 0 0
Injured 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Subtotals 0 0 0 0 0 3 4 9 2 1 1 4 1 0 1
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Table 2: Summary of Carcass Observations for Year Two

. Cumulative Observations
Carcass Condition

Intact 16
Scavenged 4
Dismembered 4
Injured 0
Cumulative Total 24

Intact carcasses of one Eurasian collared-dove, one common yellowthroat, one Brewer’s sparrow, one
MacGillivray’s warbler, one orange-crowned warbler, five Wilson’s warblers, one western tanager, one
white-winged dove, one vesper sparrow, one unknown Epidonax species (possibly willow flycatcher),
one Bewick’s wren, and one house wren were observed during the October 2014 — December 2015
survey year. Details including species, condition, and location of all intact avian carcasses are included in
Table 3. On average, intact avian carcasses were observed 12.60 meters from the gen-tie line centerline.
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Table 3: Location of Intact Avian Carcasses Observed

Distance From

Species Condition Point ID Centerline
(meters)
3/17/2015 Eurasian Intact 621285 3616674 0317 01 17.41
collared-dove - -
3/24/2015 Brewer’s Intact 622076 3616106 03_24 01 8.43
sparrow
3/27/2015 common Intact 621229 3616668 0327 01 30.61
yellowthroat
4/17/015 orange-
crowned Intact
warbler 621431 3616446 | 20150417 01 6.75
4/21/2015 | MacGillivray’s Intact
warbler 621764 3616128 | 20150421 01 14.90
4/28/2015 Wilson’s e
warbler 621245 3616773 | 20150428 01 16.59
5/5/2015 Wilson’s Intact
warbler 622534 3616132 | 20150505_01 12.40
5/8/2015 Wilson’s Intact 621121 3616748 | 20150508 01 13.30
warbler -
5/8/2015 Wilson’s Intact 621259 3616648 | 20150508_02 18.00
warbler
5/15/2015 Wilson’s Intact 621518 3616352 | 20150515 01 3.25
warbler
5/19/2015 western Intact 622419 3616126 | 20150519 01 7.18
tanager
6/2/2015 | Empidonaxsp. | Intact 621321 3616634 | 20150602 01 21.90
8/18/2015 Wh'tz;)":;”ged Intact 621632 3616204 | 20150818 01 1.57
9/18/2015 Bewick’s wren | Intact 621383 3616510 20150918 01 5.54
9/22/2015 | vesper sparrow Intact 622017 3616111 20150922_03 2.75
10/13/2015 | house wren Intact 622644 3616142 | 20151013 01 21.10
3.2 OBSERVER BIAS STUDY RESULTS

The observer bias study was conducted during year one only (October 2013 — September 2014). The
year one observer bias study resulted in an average rate of detection for observer bias objects of 92.77
percent for objects present for one day within the Survey Area. The average observation bias rate
represents the likelihood of a mortality being detected on the initial survey day following its occurrence
within the Survey Area. Table 4 shows the number of observer bias objects placed within all the survey
areas for a given survey period and the subsequent number of objects detected on the first survey day
following the objects being present. In order to prevent conditioning of surveying biologists expecting
observer bias objects to be placed within the first day of a survey period, placement of objects within
the Survey Area occurred at different times within each survey month. The number of objects placed
was also varied randomly. Finally, during two survey periods (March and September), no observer bias
objects were placed. These measures were taken intentionally to avoid bias within the observer bias
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trial. Results from April are not included in determining average detection rate due to an extreme wind

event that resulted in observer bias objects being blown outside of the survey area; therefore, these
objects would not have been expected to be detected given the study’s methods.
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Table 4: Year One Observer Bias Study Results

Number of Objects Placed Number of Objects Detected DZ‘:;Z‘:::"

QTR 1

October 37 35 94.59

November 40 38 95

December 20 19 95
QTR 2

January 15 10 66.67

February 11 11 100

March n/a n/a n/a
QTR 3

April 15 4 26.67

May 12 12 0

June 12 12 100
QTR 4

July 14 14 100

August 19 16 84

September n/a n/a n/a

Total* 180 167 92.77

*Represents average rate of detection between survey months not including results from April due to environmental variables.
33 SCAVENGING BIAS STUDY RESULTS

In total, 16 intact carcasses and 8 scavenged and dismembered carcasses were detected during the
October 2014 — December 2015 survey year. Of intact carcasses detected, all carcasses were surveyed
during following surveys for use for the scavenger bias study. Scavenged and dismembered carcasses
detected were not used in the scavenging bias study. Carcasses were removed an average of 2.63 days
after initial observation, resulting in 88 percent of all carcasses being scavenged within three days of
mortality.
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Table 5: Scavenger Bias Study Results

Species Initial Date
P Obs.

# Days

Carcass ID
Present

Initial Date
Absent

20150317 01 Eurasian collard 15157015 3/20/2015 2
dove

20150324 01 Brewer’s sparrow 3/24/2015 3/27/2015 2

common
20150327_01 vellowthroat 3/27/2015 3/29/2015 2
orange-crowned | 15615 4/21/2015 4

20150417_01 warbler

M illivray’

acG ay's 4/21/2015 4/24/2015 2

20150421 _01 warbler
Wilson’s warbler 4/28/2015 5/5/2015 6

20150428 01
Wilson’s warbler 5/5/2015 5/8/2015 2
20150505_01
20150508 01 Wilson’s warbler 5/8/2015 5/12/2015 3
20150508 _02 Wilson’s warbler 5/8/2015 5/12/2015 3
20150515_01 Wilson’s warbler 5/15/2015 5/19/2015 3
20150519 01 western tanager 5/19/2015 5/22/2015 2
20150602_01 Empidonax sp. 6/2/2015 6/5/2015 2
white-winged
20150818 01 8/18/2015 8/21/2015 2
dove
20150918 _01 Bewick’s wren 9/18/2015 9/22/2015 3
20150922_03 vesper sparrow 9/22/2015 9/25/2015 2
20151013 01 house wren 10/13/2015 10/16/2015 2
Average 2.63
3.4 CARCASS REMOVAL TRIAL

A total of two carcass removal trials were conducted during year two, one in late spring (May) and one
in summer (June). During the spring trial, five of the ten carcasses were scavenged within one day of
placement, three additional carcasses were scavenged within two days of placement, and the remaining
two carcasses remained through the end of the survey period. During the summer trial, three out of ten
carcasses were scavenged within one day of placement, one was scavenged within two days, three were
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scavenged within three days, one was scavenged within four days, and two of the carcasses remained
through the end of the survey period.

Table 6: Carcass Removal Trial Results

# of # of # of
# of Carcasses
# of Carcasses Carcasses Carcasses Carcasses
. Scavenged
Scavenged within | Scavenged o Scavenged Scavenged
. within Three e e e
One Day within Two within Four | within Five
Days
DEV DE DE
Spring 5 3 0 0 0
Summer 3 1 3 1 0
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20808

AR057276



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

Centinela Solar Project Bird and Bat Conservation Post-Construction Monitoring Annual Report
Imperial County, California

SECTION 4.0 — ANALYSIS
4.1 OBSERVER BIAS ANALYSIS

The literature review results of observation bias rates are misleading because of differing environmental
variables across studies (e.g., ground cover, elevation changes, bird size). A literature review of
observation rates varied from 30 to 86 percent due to those variables (Morrison 2002). Although this
makes comparing observer bias rates difficult, the results of the observer bias study conducted during
year one showed an average observer detection rate of 92.77 percent. Our result is higher than any
other reported observation rate from the literature review; however, no studies reviewed took place in
such open creosote scrub habitat.

4.2 OPTIMAL TRANSECT WIDTH ANALYSIS

In total, 16 observations of intact avian carcasses were made during the survey year, October 2014 -
December 2015. The sample size is too small to generate a statistically significant result for optimal
transect width as required by the CSE BBCS using DISTANCE, the statistical software program identified
in Section 6 Post-Construction Monitoring. Ideally, if the study were able to gather sufficient data points,
the data would have been used to analyze detection probabilities given varying distances from the
centerline using DISTANCE. This would have provided a range of transect width options from the
centerline that produce detection probabilities of up to 100 percent. Only intact line strike detections
would be used for analysis because the original location or probable cause of death for scavenged avian
detections cannot be determined’.

4.3 SCAVENGING BIAS ANALYSIS

During the October 2014 - December 2015 survey year, all 16 intact avian mortalities were selected for
the scavenger bias study. Although all were subsequently scavenged, with an average of 2.63 days from
detection to scavenging event, this is not a sufficient sample to statistically analyze scavenger rate.

4.4 CARCASS REMOVAL TRIAL

During the spring 2015 trial, 50 percent of carcasses were scavenged within one day and 80 percent of
the carcasses had been scavenged within two days. During the summer 2015 trial, 30 percent of the
carcasses were scavenged within one day and 70 percent had been scavenged within three days of
placement. The removal trials show that on average 75 percent of carcasses are scavenged within three
days of placement. As such, it is expected that survey results for the October 2014 - December 2015
survey period spaced an average of 2.5 days apart (48 to 72 hours) likely resulted in an approximate
detection rate of 25 percent of the total avian mortalities occurring within the Survey Area due to
scavenger removal.

! Because scavenged carcasses have been disturbed, moved, or otherwise altered from their origin, carcasses
initially observed in the scavenged condition were not included in the project data set for these studies due to
their potential of presenting a confounding variable at this stage of the study. Although data was collected for
scavenged, dismembered, and injured birds, Avian Mortality Reporting Forms were not submitted because these
observations are not necessarily indicative of line strikes within the Study Area.
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SECTION 5.0 — DISCUSSION
5.1 STUDY AREA SELECTION

Conducting post-construction avian mortality surveys, observer bias studies, scavenger bias studies, and
carcass removal trials within both the creosote scrub habitat located along the western portion of the
gen-tie line and within the private agricultural land located along the eastern portion of the gen-tie line
presented the following potential complications with survey design and data analysis.

5.1.1 Vegetation Substrate

Vegetation height within an agricultural area can be highly variable within a year, season, or month. As a
result, detection probability by observers would also be expected to vary between each month of
surveys depending on crop maturity, density, and species. If crop height and/or density is high, then
detection probability would be expected to decrease, resulting in a smaller sample size of data.
Additionally, crop height and/or density may also result in a higher scavenging bias being perceived. For
example, surveyors may find only easily located carcasses, which would also be easily located by
scavengers; therefore, when carcasses are marked for capture/recapture analysis, an inaccurate
scavenging bias could be determined. Lastly, variable vegetation within a year would require that
observer bias be accounted for each crop stage or type and then applied separately to each survey
period, rather than a uniform observer bias determined over the course of a year being applied to the
CSE BBCS Project as a whole.

5.1.2 Survey Replication

Replication of each survey transect for the duration of the survey period is a critical component in
applying the software program DISTANCE. By placing survey transects within the private agricultural
section of the gen-tie line, the study would have run the risk of not being able to replicate transects each
month. One potential complication is denial of land access during a survey day or entire survey period.
Land access may be denied due to crop harvesting, damage being done to crops during the study, unsafe
conditions such as flooding, or by owner preference. Similarly, if equipment is operating within a survey
transect, conditions may not be safe for access by the surveyor within the appropriate survey window.
The potential inability to replicate surveys throughout the study duration would be a significant project
design flaw.

5.1.3 Human Disturbance

Agricultural areas are subject to various types of disturbance throughout the year. Should harvesting,
tilling, or other land alteration occur within transects, carcasses may be disrupted, buried, destroyed, or
removed. If any of the aforementioned activities did occur, potential would exist that a significant
percentage of mortalities could become detectable (that previously may have gone undetected) or go
undetected, skewing the data. If any of these activities were to occur following the initial day of surveys
within a survey period, removal of carcasses by anthropogenic means could artificially inflate scavenging
bias due to marked birds no longer being present or detectable. These potential disturbances could also
result in surveys not being accurately replicated, as described above.
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5.14 Variations in Avian Abundance Between Habitats

By surveying two different habitats, the study may observe variations in avian abundance within the
Study Area. If the agricultural areas have seed storage or harvesting or provide additional sources of
food/water, avian numbers may be higher in these areas. Conversely, human activity and lighting may
deter birds from the area. Although statistical models are capable of extrapolating mortalities for the
CSE BBCS Project area within multiple habitat types, reliability of estimates increases when surveys
include areas with monotypic habitat, an expected high detection probability, and consistent abundance
of birds throughout the survey area.

5.1.5 Modification to Avoid Design Flaws

Many of the design flaws described above were avoided by having the Study Area include only creosote
scrub habitat along the western portion of the CSE BBCS Project. Survey transects accounted for 50
percent of the entire 2.5-mile gen-tie line; however, by not surveying the portion of the gen-tie line on
agricultural land, extrapolating avian mortalities over the Project timeline did not account for any
potential differences in the abundance/frequency of potential line strikes occurring between the
creosote scrub habitat and the agricultural areas. Analysis was intended to be performed using Program
DISTANCE to extrapolate the total number of mortalities recorded only within the native creosote scrub
habitat. This number would then be applied to the remainder of the line (the agricultural area) as a
function of the linear distance. For example, the creosote scrub habitat to be surveyed would account
for 50 percent of the entire gen-tie. Thus the agricultural area of the line would represent 2 times the
linear distance of the gen-tie as that represented by the creosote scrub area. Avian mortalities
extrapolated within the creosote scrub habitat using DISTANCE would be multiplied by 2. This method
did not account for any differences in the number of potential line strikes occurring between different
habitat types. Therefore, the assumption can be made that if the mortalities are higher within creosote
scrub than agricultural land, the total extrapolated number of mortalities for the entire gen-tie line will
be overestimated. Conversely, if mortalities are higher within agricultural areas than creosote scrub, the
total extrapolated number of mortalities for the entire gen-tie line will be underestimated.

While over or underestimating numbers of mortalities are potential problems, from the perspective of
feasibility, surveying only within creosote scrub habitat remained the preferred CSE BBCS Project design.
The reduced Study Area did not account for habitat variations along the gen-tie line, but it did allow for
a usable set of data to be collected for the study and greatly reduce the possibility of being unable to
collect statistically sound and accurate data, replicate surveys, or having to mitigate for unknown
variables.

5.2 SCAVENGING BIAS

Although only 16 intact avian carcasses were observed and included in the scavenging bias trial, there is
reason to suspect that common ravens and coyotes are primarily responsible for scavenging mortalities.
Photograph 2 provides evidence of this from a shot captured by a Cuddeback camera that was placed
during the year one survey facing an avian mortality (ID 5_4_03, a Wilson’s warbler). This avian mortality
was a probable line strike that likely occurred the morning it was found. The condition of the warbler’s
body at the time of initial observation suggested that the carcass was found within a few hours of its
death. The camera was placed at approximately 0835 on May 4, 2014. The camera was triggered by the
raven and took Photograph 2 at 0954 on May 4, 2014, suggesting that common ravens can potentially
scavenge avian mortalities within a few hours of their death. In addition, during surveys and the carcass
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removal trials conducted during year two, ravens were directly observed picking up carcasses several
times, and coyote tracks and large clumps of feathers were observed leading to areas where two
carcasses had been placed. Coyote tracks were regularly observed throughout surveys during year one
and two, as shown in Photograph 3.

Although coyotes primarily scavenge and hunt at night, biologists reported seeing coyotes in transects
as late as 0900 during surveys. It is probable that coyotes are capable of scavenging avian mortalities the
same day as death.
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Photograph 2.

Common raven
photographed immediately
prior to scavenging avian
mortality ID5_4 03
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Photograph 3.

Coyote tracks found
adjacent to a scavenged
carcass

5.2.1 Observations of Scavenged Mortalities

During the year two reporting period, a total of four mortalities were observed in the scavenged
condition. Scavenged carcasses present a unique dataset for this study in that they represent a mortality
disturbed from its original location and condition. Although data was collected on Avian Mortality
Report forms for all scavenged carcasses, these observations pose several potential complications
during analysis. Scavenged carcasses may represent natural predation events, and mortalities may not
be attributed to collisions. Thus, inclusion of these observations may result in over estimation of total
avian mortalities within the study. Furthermore, during the scavenging event, carcasses may be
transported or moved within a survey area, resulting in modification of the carcasses distance from the
centerline and therefore should not be used to evaluate optimal transect width. Only if sufficient data is
available regarding the consistency of scavenged carcasses with intact carcasses in relationship to
distance from centerline, species represented, detection probability, and potential translocation during
scavenging, should these points be reliably included in the dataset.

5.3 SEASONAL VARIATION

As discussed by Bevanger & Brgseth (2004) and Smallwood (2007), avian line-strike rates with electrical
power lines vary by season due to fluctuations of seasonal abundance. Given that the CSE BBCS Project
area is located within a critical area of the Pacific Flyway, bird abundance was anticipated to be greatest
during spring and fall migrations. As expected, it appeared that spring migration saw an increase in avian
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mortality detections as well as an increase scavenger activity, particularly during the May surveys.
However, there was not a spike in mortality or bird activity during the fall migration as previously
anticipated. Common ravens were present and actively scavenging during the spring and early summer
months of the spring migration, but by late June common ravens were less frequently observed within
the Study Area. However, sample sizes for this Project are small, and do not provide statistically
significant findings to support nor refute the correlation of seasonal migrations by passerines with
numbers of line strikes.

5.4 CSE BBCS PROJECT DESIGN MODIFICATION

A total of nine mortalities were observed during the year one survey period. In order to increase the
number of mortalities detected, the Project survey design was modified and extended to include three
additional months during year two. The modified survey design during year two resulted in the
detection of 24 mortalities. Although more mortalities were observed during year two, the number of
observed mortalities did not provide a sufficient amount of data to run statistically sound analyses of an
optimal transect width for the CSE BBCS Project, to extrapolate total avian mortality on the CSE BBCS
Project by survey year, or to estimate scavenger and observation bias rates using the program
DISTANCE.

5.5 ESTIMATED TOTAL AVIAN MORTALITY

The survey design implemented during year two of the Project did not provide a sample size large
enough to run statistical analysis to obtain an estimate of total avian mortality. However, with the
information gathered from the observer bias study and the scavenger studies, a general estimate of
avian mortalities can be obtained. It should be noted that this estimated number represents a maximum
expected number of mortalities and does not account for seasonal variation, changes in scavenger
abundance, variations in survey spacing (two days versus three days) or other confounding factors. The
following assumptions are made for the entire line:

1. Avian mortality rates are consistent throughout the entire gen-tie

2. Scavenger bias rates for carcass removal are estimated at the maximum rate of 82 percent
within a three day period and are consistent throughout the survey period (i.e. 18 percent of
mortalities would be detected for surveys spaced 3 days apart)

3. The carcass detection rate for the entire gen-tie is 93 percent of all mortalities occurring

The assumptions above were applied to a total of 24 avian mortalities observed within the Survey Area
(including all intact, scavenged, and dismembered). Based on the Survey Area including 50 percent of
the total gen-tie, a total of 48 mortalities were estimated for detection of the entire 2.5 mile gen-tie.
When taking into account the results of the observer bias studies and the percent of carcasses
scavenged within three days, it can be estimated that on average 286 (48 divided by 0.18 (number of
mortalities detected every three days) divided by 0.93 (rate of detection)) avian mortalities occur yearly
along the CSE BBCS Project, with the majority of these mortalities occurring during the spring migration.
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CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM

DATE: 03/17/2015 TIME: 7:47 AM OBSERVER: showard

PROXIMAL TO PROJECT COMPONENT: 2248718

CARCASS POSITION

GPS COORDINATES (UTM NAD83) 11S East: 621285 North: 3616674

BEARING (degrees) to PROJECT COMPONENT: 147

DISTANCE (meters) to PROJECT COMPONENT: 52

CARCASS DESCRIPTION

SPECIES: ECDO Tag/Band Number: None

AGE: Adult SEX: Female CONDITION: Intact

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): <1 day
CAUSE OF DEATH: Presumed Collision

OBSERVABLE INJURIES: Head Trauma

SUBSTRATE/GROUND COVER (at carcass location): Bare Ground
DISPOSITION OF CARCASS': left in place

NOTES: Brood patch, early in development likely not yet incubating. Carcass initially observed on 3/17 and naturally observed to be

removed by scavengers on 3/20 (next survey pass). Scattered feather spot observed within 20ft of location.

WEATHER CONDITIONS
AIR TEMPERATURE (degrees fahrenheit): 68-76 CLOUD COVER: none
PRECIPITATION (last 24 hours): partly cloudy WIND DIRECTION: North WIND SPEED: 0-10
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PHOTOGRAPHS:

Photograph 1. Eurasian collared dove
20150317_01

Photograph 2. Eurasian collared-dove
20150317_01
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Photograph 3. Habitat surrounding Eurasian
collared-dove 20150317 01

Photograph 4. Nearest project feature to
Eurasian collared-dove 20150317_01
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CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM

DATE:03/24/2015 TIME: 8:15 AM OBSERVER: showard

PROXIMAL TO PROJECT COMPONENT: 2248714

CARCASS POSITION

GPS COORDINATES (UTM NAD83) 11S East: 622076 North: 3616106

BEARING (degrees) to PROJECT COMPONENT: 176

DISTANCE (meters) to PROJECT COMPONENT: 105

CARCASS DESCRIPTION

SPECIES: BRSP Tag/Band Number: None

AGE: Adult SEX: Female CONDITION: Intact

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): <1 day
CAUSE OF DEATH: Presumed Collision

OBSERVABLE INJURIES: Head Trauma

SUBSTRATE/GROUND COVER (at carcass location): Bare Ground

DISPOSITION OF CARCASS : left in place

NOTES: Intact carcass appears to have broken neck. No other observables injuries.

WEATHER CONDITIONS

AIR TEMPERATURE (degrees fahrenheit): 61- 77 CLOUD COVER: none

PRECIPITATION (last 24 hours): partly cloudy WIND DIRECTION: South WIND SPEED: 0-10
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PHOTOGRAPHS:

Photograph 1. Brewer’s sparrow
20150324 01

Photograph 2. Brewer’s sparrow
20150324_01

Photograph 3. Habitat surrounding
Brewer’s sparrow 20150324 01

Photograph 4. Habitat surrounding
and nearest project feature
surrounding Brewer’s sparrow
20150324_01
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CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM

DATE: 03/27/2015 TIME: 8:29 AM OBSERVER: showard

PROXIMAL TO PROJECT COMPONENT: 2248720

CARCASS POSITION

GPS COORDINATES (UTM NADS83) 11S East: 621229 North: 3616668

BEARING (degrees) to PROJECT COMPONENT: 94  DISTANCE (meters) to PROJECT COMPONENT: 30

CARCASS DESCRIPTION

SPECIES: COYE ID: 03_27_01 Tag/Band Number: None
AGE: Adult SEX: Male CONDITION: Intact

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): <1 day
CAUSE OF DEATH: Unknown

OBSERVABLE INJURIES: None

SUBSTRATE/GROUND COVER (at carcass location): Bare Ground
DISPOSITION OF CARCASS': left in place

NOTES: Probable line strike mortality.

WEATHER CONDITIONS

AIR TEMPERATURE (degrees fahrenheit): 61-86 CLOUD COVER: none

PRECIPITATION (last 24 hours): clear WIND DIRECTION: Northeast WIND SPEED: 0-10
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PHOTOGRAPHS:

Photograph 1. Common yellowthroat
20150327_01

Photograph 2. Common yellowthroat
20150327_01

Photograph 3. Habitat surrounding
common yellowthroat 20150327 _01
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Photograph 4. Habitat surrounding
and nearest project feature

%

surrounding common yellowthroat

ﬁaﬁvﬂllduua\aiﬂ i 20150327_01

AR057290



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM

DATE: 04/13/2015 TIME: 6:47 AM OBSERVER: showard

PROXIMAL TO PROJECT COMPONENT: 2248714

CARCASS POSITION

GPS COORDINATES (UTM NAD83) 11S East: 622061 North: 3616115

BEARING (degrees) to PROJECT COMPONENT: -179

DISTANCE (meters) to PROJECT COMPONENT: 90

CARCASS DESCRIPTION

SPECIES: Warbler Tag/Band Number: none

AGE: Unknown SEX: Unknown CONDITION: Scavenged
ESTIMATED TIME SINCE DEATH/INJURY (no. of days): 2 days
CAUSE OF DEATH: Unknown

OBSERVABLE INJURIES: Other

SUBSTRATE/GROUND COVER (at carcass location): Bare Ground
DISPOSITION OF CARCASS': left in place

NOTES: Partial left wing of unknown warbler species with connective tissue present. Kit fox prints in immediate area surrounding.

WEATHER CONDITIONS

AIR TEMPERATURE (degrees fahrenheit): 63-65 CLOUD COVER: none

PRECIPITATION (last 24 hours): clear WIND DIRECTION: Northeast WIND SPEED: 0-10
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PHOTOGRAPHS:

Photograph 1. Unknown warbler
20150413_01

Photograph 2. Unknown warbler
20150413_01

Photograph 3. Habitat surrounding unknown
warbler 20150413_01

Photograph 4. Nearest project feature to
unknown warbler 20150413 _01
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CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM

DATE: 04/17/2015 TIME: 7:05 AM OBSERVER: showard

PROXIMAL TO PROJECT COMPONENT: 2248717

CARCASS POSITION

GPS COORDINATES (UTM NADS83) 11S East: 621432 North: 3616446

BEARING (degrees) to PROJECT COMPONENT: 63

DISTANCE (meters) to PROJECT COMPONENT: 8

CARCASS DESCRIPTION

SPECIES: OCWA ID: 20150417_01 Tag/Band Number: None
AGE: Adult SEX: Female

CONDITION: Intact

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): <1 day
CAUSE OF DEATH: Presumed Collision

OBSERVABLE INJURIES: Head Trauma

SUBSTRATE/GROUND COVER (at carcass location): Bare Ground

DISPOSITION OF CARCASS': left in place NOTES: Female OCWA directly under conductor, left side of face sheered off and exposed
from presumed collision. 4/21/15 Carcass observed through binoculars to be present in same location. CORA picked up carcass after

monitors resumed survey —kquint.

WEATHER CONDITIONS

AIR TEMPERATURE (degrees fahrenheit):60-80 CLOUD COVER: none

PRECIPITATION (last 24 hours): clear WIND DIRECTION: South WIND SPEED: 0-10

AR057293



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

PHOTOGRAPHS :

Photograph 1. Orange-crowned warbler
20150417_01

Photograph 2. Orange-crowned warbler
20150417_01

Photograph 3. Habitat surrounding
orange-crowned warbler 20150417_01

Photograph 4. Nearest project feature to
orange-crowned warbler 20150417_01
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CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM

DATE: 04/21/2015 TIME: 6:39 AM OBSERVER: kquint

PROXIMAL TO PROJECT COMPONENT: 2248715

CARCASS POSITION

GPS COORDINATES (UTM NADS83) 11S East: 621765 North: 3616128

BEARING (degrees) to PROJECT COMPONENT: -164

DISTANCE (meters) to PROJECT COMPONENT: 63

CARCASS DESCRIPTION

SPECIES: MGWA ID: 20150421 _01 Tag/Band Number: None
AGE: Adult SEX: Male CONDITION: Intact

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): <1 day
CAUSE OF DEATH: Presumed Collision

OBSERVABLE INJURIES: Head Trauma

SUBSTRATE/GROUND COVER (at carcass location): Bare Ground

DISPOSITION OF CARCASS : left in place

NOTES: 4/24/15 Carcass absent. Likely CORA tracks present where carcass initially observed.

WEATHER CONDITIONS

AIR TEMPERATURE (degrees fahrenheit): 64-73 CLOUD COVER: none

PRECIPITATION (last 24 hours): mostly clear WIND DIRECTION: Northwest WIND SPEED: 0-10

AR057295



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

PHOTOGRAPHS:

Photograph 1. MacGillivray’s warbler
20150421_01

Photograph 2. MacGillivray’s warbler
20150421 01

Photograph 3. Habitat surrounding
MacGillivray’s warbler 20150421_01

Photograph 4. Nearest project feature to
MacGillivray’s warbler 20150421_01
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CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM

DATE: 04/28/2015 TIME: 11:34 AM OBSERVER: rhutcheson

PROXIMAL TO PROJECT COMPONENT: 2248719

CARCASS POSITION

GPS COORDINATES (UTM NAD83) 11S East: 621245 North:3616773

BEARING (degrees) to PROJECT COMPONENT: -134

DISTANCE (meters) to PROJECT COMPONENT: 17

CARCASS DESCRIPTION

SPECIES: WIWA ID: 201504281 _01 Tag/Band Number: None
AGE: Adult SEX: Male CONDITION: Intact

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): 2 days

CAUSE OF DEATH: Presumed Collision

OBSERVABLE INJURIES: Head Trauma

SUBSTRATE/GROUND COVER (at carcass location): Below Ankle
DISPOSITION OF CARCASS': left in place

NOTES: Carcass estimated to be present for greater than one day based on desiccated eyes and ants present on carcass.

WEATHER CONDITIONS
AIR TEMPERATURE (degrees fahrenheit): 67-72 CLOUD COVER: none
PRECIPITATION (last 24 hours): clear WIND DIRECTION: West WIND SPEED: 0-10 .
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PHOTOGRAPHS:

Photograph 1. Wilson’s warbler
20150428_01

Photograph 2. Wilson’s warbler
20150428_01

Photograph 3. Habitat surrounding Wilson’s
warbler 20150428_01

Photograph 4. Nearest project feature to
Wilson’s warbler 20150428 01
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CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM

DATE: 05/05/2015 TIME: 5:22 AM OBSERVER: kquint

PROXIMAL TO PROJECT COMPONENT: 2248712

CARCASS POSITION

GPS COORDINATES (UTM NADS83) 11S East: 622535 North: 3616133

BEARING (degrees) to PROJECT COMPONENT: -8

DISTANCE (meters) to PROJECT COMPONENT: 86

CARCASS DESCRIPTION

SPECIES: WIWA ID: 20150505 _01 Tag/Band Number: None
AGE: Adult SEX: Male CONDITION: Intact

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): <1 day

CAUSE OF DEATH: Unknown

OBSERVABLE INJURIES: None

SUBSTRATE/GROUND COVER (at carcass location): Bare Ground
DISPOSITION OF CARCASS': left in place

NOTES: Carcass appears stiff with rigormortis set in. Unable to determine COD, potential neck trauma.

WEATHER CONDITIONS

AIR TEMPERATURE (degrees fahrenheit): 67-80 CLOUD COVER: none

PRECIPITATION (last 24 hours): clear WIND DIRECTION: Northeast ~ WIND SPEED: 0-10
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PHOTOGRAPHS:

Due to technical difficulties, no photographs are available
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CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM

DATE: 05/08/2015 TIME: 7:07 AM OBSERVER: rhutcheson

PROXIMAL TO PROJECT COMPONENT: 2248723

CARCASS POSITION

GPS COORDINATES (UTM NAD83) 11S East: 621122 North 3616748

BEARING (degrees) to PROJECT COMPONENT: -111

DISTANCE (meters) to PROJECT COMPONENT: 17

CARCASS DESCRIPTION

SPECIES: WIWA ID: 20150508 01 Tag/Band Number: None

AGE: Adult SEX: Female CONDITION: Intact

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): 2 days

CAUSE OF DEATH: Unknown

OBSERVABLE INJURIES: None

SUBSTRATE/GROUND COVER (at carcass location): Bare Ground

DISPOSITION OF CARCASS': left in place

NOTES: Carcass appears stiff with rigamortis. Estimated time since death approximately 2 days. Likely result of recent storm event.

Carcass found adjacent to 230kv line and may not be associated with Project.

WEATHER CONDITIONS

AIR TEMPERATURE (degrees fahrenheit): 57-62 CLOUD COVER: none

PRECIPITATION (last 24 hours): mostly clear WIND DIRECTION: Northwest WIND SPEED: 0-10
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PHOTOGRAPHS:

Photograph 1. Wilson’s warbler
20150508_01

Photograph 2. Wilson’s warbler
20150508_01

Photograph 3. Habitat surrounding Wilson’s
warbler 20150508 01

Photograph 4. Nearest project feature to
Wilson’s warbler 20150508 01
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CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM

DATE: 05/08/2015 TIME: 7:25 AM OBSERVER: rhutcheson

PROXIMAL TO PROJECT COMPONENT: 2248718

CARCASS POSITION

GPS COORDINATES (UTM NAD83) 11S East: 621259 North: 3616649

BEARING (degrees) to PROJECT COMPONENT: 109

DISTANCE (meters) to PROJECT COMPONENT: 56

CARCASS DESCRIPTION

SPECIES: WIWA ID: 20150508 02 Tag/Band Number: None
AGE: Adult SEX: Female CONDITION: Intact

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): <1 day

CAUSE OF DEATH: Unknown

OBSERVABLE INJURIES: Other

SUBSTRATE/GROUND COVER (at carcass location): Below Ankle
DISPOSITION OF CARCASS': left in place

NOTES: Carcass intact and likely result of recent storm event.

WEATHER CONDITIONS

AIR TEMPERATURE (degrees fahrenheit): 57-62 CLOUD COVER: none

PRECIPITATION (last 24 hours): mostly clear WIND DIRECTION: Northwest WIND SPEED: 0-10
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PHOTOGRAPHS:

Photograph 1. Wilson’s warbler
20150508_02

Photograph 2. Wilson’s warbler
20150508_02

Photograph 3. Habitat surrounding Wilson’s
warbler 20150508 02

Photograph 4. Nearest project feature to
Wilson’s warbler 20150508 02
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CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM

DATE: 05/12/2015 TIME: 6:52 AM OBSERVER: kquint

PROXIMAL TO PROJECT COMPONENT: 2248715

CARCASS POSITION

GPS COORDINATES (UTM NAD83) 11S East: 621763 North: 3616140

BEARING (degrees) to PROJECT COMPONENT: -154

DISTANCE (meters) to PROJECT COMPONENT: 65

CARCASS DESCRIPTION

SPECIES: Unknown warbler  ID: 20150512_01 Tag/Band Number: None

AGE: Unknown SEX: Unknown CONDITION: Dismembered

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): 2 days

CAUSE OF DEATH: Unknown

OBSERVABLE INJURIES: Other

SUBSTRATE/GROUND COVER (at carcass location): Bare Ground

DISPOSITION OF CARCASS': left in place

NOTES: Single left wing actively being scavenged by ants. Likely that remainder of carcass was removed from survey area. Wing is

warbler or similar size and drab gray with nearby flight feather displaying white patch.

WEATHER CONDITIONS
AIR TEMPERATURE (degrees fahrenheit): 70-90 CLOUD COVER: none
PRECIPITATION (last 24 hours): mostly cloudy WIND DIRECTION: North WIND SPEED: 0-10
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PHOTOGRAPHS:

Photograph 1. Unknown warbler
20150512_01

Photograph 2. Unknown warbler
20150512_01

Photograph 3. Habitat surrounding unknown
warbler 20150512_01

Photograph 4. Nearest project feature to
Unknown warbler 20150512_01
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CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM

DATE: 05/15/2015 TIME: 7:05 AM OBSERVER: hfranklin

PROXIMAL TO PROJECT COMPONENT: 2248716

CARCASS POSITION

GPS COORDINATES (UTM NADS83) 11S East: 621518 North: 3616353

BEARING (degrees) to PROJECT COMPONENT: -54

DISTANCE (meters) to PROJECT COMPONENT: 77

CARCASS DESCRIPTION

SPECIES: WIWA ID: 20150515 _01 Tag/Band Number: None
AGE: Adult SEX: Female CONDITION: Intact

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): <1 day

CAUSE OF DEATH: Presumed Collision

OBSERVABLE INJURIES: None

SUBSTRATE/GROUND COVER (at carcass location): Bare Ground
DISPOSITION OF CARCASS': left in place

NOTES: Carcass intact and no observable trauma. Likely the result of the storm overnight. 5/19/15: one small clump of feathers left.

Bird carcass gone.

WEATHER CONDITIONS

AIR TEMPERATURE (degrees fahrenheit): 64-65 CLOUD COVER: cloudy

PRECIPITATION (last 24 hours): rain ~ WIND DIRECTION: Southeast WIND SPEED: 0-10
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PHOTOGRAPHS:

Photograph 1. Wilson’s warbler
20150515_01

Photo Missing Photograph 2. Photo missing

Photograph 3. Habitat surrounding Wilson’s
warbler 20150515_01

Photograph 4. Nearest project feature to
Wilson’s  warbler 20150515_01
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CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM

DATE: 05/19/2015 TIME: 6:48 AM OBSERVER: hfranklin

PROXIMAL TO PROJECT COMPONENT: 2248713

CARCASS POSITION

GPS COORDINATES (UTM NAD83) 11S East: 622419 North: 3616127

BEARING (degrees) to PROJECT COMPONENT: -176

DISTANCE (meters) to PROJECT COMPONENT: 123

CARCASS DESCRIPTION

SPECIES: WETA ID: 20150519 _01 Tag/Band Number: None
AGE: Adult SEX: Female CONDITION: Intact

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): 2 days

CAUSE OF DEATH: Presumed Collision

OBSERVABLE INJURIES: Head Trauma

SUBSTRATE/GROUND COVER (at carcass location): Bare Ground

DISPOSITION OF CARCASS: left in place

NOTES: Appears stiff with rigamortus, presumed deceased for at least 2 days.

WEATHER CONDITIONS

AIR TEMPERATURE (degrees fahrenheit): 71-75 CLOUD COVER: clear

PRECIPITATION (last 24 hours): none WIND DIRECTION: East WIND SPEED: 0-10
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PHOTOGRAPHS:

Photograph 1. Western tanager
20150519_01

Photograph 2. Western tanager
20150519_01

Photograph 3. Habitat surrounding western
tanager 20150519_01

Photograph 4. Nearest project feature to
western tanager 20150519_01
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CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM

DATE: 05/22/2015 TIME: 6:43 AM OBSERVER: ccongedo

PROXIMAL TO PROJECT COMPONENT: 2248721

CARCASS POSITION

GPS COORDINATES (UTM NAD83) 11S East: 621148 North: 3616755

BEARING (degrees) to PROJECT COMPONENT: -17

DISTANCE (meters) to PROJECT COMPONENT: 27

CARCASS DESCRIPTION

SPECIES: YEWA ID: 20150522 _01 Tag/Band Number: None
AGE: Adult SEX: Male CONDITION: Scavenged

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): <1 day

CAUSE OF DEATH: Presumed Collision

OBSERVABLE INJURIES: Head Trauma

SUBSTRATE/GROUND COVER (at carcass location): Bare Ground
DISPOSITION OF CARCASS': left in place

NOTES: breeding plumage present

WEATHER CONDITIONS

AIR TEMPERATURE (degrees fahrenheit): 63-68 none CLOUD COVER: mostly clear

PRECIPITATION (last 24 hours): none WIND DIRECTION: West WIND SPEED: 10-20

ARO057311
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PHOTOGRAPHS:

Due to technical difficulties, no photographs are available
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CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM

DATE: 05/22/2015 TIME: 7:04 AM OBSERVER: ccongedo

PROXIMAL TO PROJECT COMPONENT: 2248718

CARCASS POSITION

GPS COORDINATES (UTM NAD83) 11S East: 621293 North:3616600

BEARING (degrees) to PROJECT COMPONENT: 117

DISTANCE (meters) to PROJECT COMPONENT: 114

CARCASS DESCRIPTION

SPECIES: YEWA ID: 20150522 _02 Tag/Band Number: None
AGE: Adult SEX: Male CONDITION: Scavenged

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): <1 day

CAUSE OF DEATH: Presumed Collision

OBSERVABLE INJURIES: Head Trauma

SUBSTRATE/GROUND COVER (at carcass location): Bare Ground

DISPOSITION OF CARCASS : left in place

NOTES: Presumed present for less than one day due to lack of rigamortis. Beginning of breeding plumage present.

5/29 Carcass not present.

WEATHER CONDITIONS
AIR TEMPERATURE (degrees fahrenheit): 63-68 CLOUD COVER: mostly clear
PRECIPITATION (last 24 hours): none WIND DIRECTION: West WIND SPEED: 10-20

AR057313
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PHOTOGRAPHS:

Due to technical difficulties, no photographs are available
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CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM

DATE: 06/02/2015 TIME: 6:33 AM OBSERVER: RHutcheson

PROXIMAL TO PROJECT COMPONENT: 2248718

CARCASS POSITION

GPS COORDINATES (UTM NADS83) 11S East: 621322 North: 3616634

BEARING (degrees) to PROJECT COMPONENT: 140

DISTANCE (meters) to PROJECT COMPONENT: 105

CARCASS DESCRIPTION

SPECIES: Empidonax sp. ID: 20150602_01 Tag/Band Number: None
AGE: Adult SEX: Male CONDITION: Intact

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): <1 day

CAUSE OF DEATH: Presumed Collision

OBSERVABLE INJURIES: Head Trauma

SUBSTRATE/GROUND COVER (at carcass location): Bare Ground
DISPOSITION OF CARCASS': Left in place

NOTES: Unknown empidonax sp. no eye ring visible due to ant scavenging. Faint wing bars. Potential WIFL.

WEATHER CONDITIONS

AIR TEMPERATURE (degrees fahrenheit): 69-84 CLOUD COVER: clear

PRECIPITATION (last 24 hours): none WIND DIRECTION: Northwest WIND SPEED: 0-10
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PHOTOGRAPHS:

Photograph 1. Empidonax sp 20150602_01

Photograph 2. Empidonax sp 20150602_01

Photograph 3. Habitat surrounding
Empidonax sp 20150602_01

Photograph 4. Nearest project feature to
Empidonax sp 20150602_01
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CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM

DATE: 06/23/2015 TIME: 6:43 AM OBSERVER: RHutcheson

PROXIMAL TO PROJECT COMPONENT: 2248722

CARCASS POSITION

GPS COORDINATES (UTM NAD83) 11S East: 621180 North: 3616663

BEARING (degrees) to PROJECT COMPONENT: 72

DISTANCE (meters) to PROJECT COMPONENT: 27

CARCASS DESCRIPTION

SPECIES: Unknown ID: 20150623 01 Tag/Band Number: None

AGE: Adult SEX: Unknown CONDITION: Dismembered

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): 3 days

CAUSE OF DEATH: Unknown

OBSERVABLE INJURIES: Other

SUBSTRATE/GROUND COVER (at carcass location): Below Ankle

DISPOSITION OF CARCASS left in place

NOTES: Seven flight feathers connected by bone and tissue. Tissue is dry and appears to be days old.

WEATHER CONDITIONS

NA
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PHOTOGRAPHS:

Photograph 1. Unknown species
20150623 _01

Photograph 2. Unknown species
20150623_01

Photograph 3. Habitat surrounding unknown
species 20150623_01

Photograph 4. Nearest project feature to
unknown species 20150623_01
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CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM

DATE: 07/21/2015 TIME: 5:58 AM OBSERVER: kquint

PROXIMAL TO PROJECT COMPONENT: 2248712

CARCASS POSITION

GPS COORDINATES (UTM NADS83) 11S East: 622555 North: 3616122

BEARING (degrees) to PROJECT COMPONENT: -2

DISTANCE (meters) to PROJECT COMPONENT: 65

CARCASS DESCRIPTION

SPECIES: WWDO ID: 20150721_01 Tag/Band Number: None

AGE: Unknown SEX: Unknown CONDITION: Dismembered

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): 2 days

CAUSE OF DEATH: Unknown

OBSERVABLE INJURIES: None

SUBSTRATE/GROUND COVER (at carcass location): Bare Ground

DISPOSITION OF CARCASS': left in place

NOTES: Both wings intact and scattered feathers surrounding them. Red ants scavenging connective tissue. 8/4 both wing pieces

were still present. A few flight feather left in tact.

WEATHER CONDITIONS
AIR TEMPERATURE (degrees fahrenheit): 79-82 CLOUD COVER: clear
PRECIPITATION (last 24 hours): none WIND DIRECTION: East WIND SPEED: 0-10
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PHOTOGRAPHS:

Photograph 1. White-winged dove
20150721_01

Photograph 2. White-winged dove
20150721_01

Photograph 3. Habitat surrounding
white-winged dove 20150721_01

Photograph 4. Nearest project feature to
white-winged dove 20150721_01
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CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM

DATE: 08/18/2015 TIME: 6:14 AM OBSERVER: RHutcheson

PROXIMAL TO PROJECT COMPONENT: 2248716

CARCASS POSITION

GPS COORDINATES (UTM NAD83) 11S East: 621632 North: 3616205

BEARING (degrees) to PROJECT COMPONENT: 129

DISTANCE (meters) to PROJECT COMPONENT: 110

CARCASS DESCRIPTION

SPECIES: WWDO ID: 20150818 _01 Tag/Band Number: None
AGE: Adult SEX: Unknown CONDITION: Intact

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): 2 days

CAUSE OF DEATH: Presumed Collision

OBSERVABLE INJURIES: Other

SUBSTRATE/GROUND COVER (at carcass location): Bare Ground
DISPOSITION OF CARCASS': left in place

NOTES: Carcass was absent on 20150821. No evidence of scavenging was present. No feathers were observed.

WEATHER CONDITIONS
AIR TEMPERATURE (degrees fahrenheit): 82-86 CLOUD COVER: clear
PRECIPITATION (last 24 hours): none WIND DIRECTION: West WIND SPEED: 0-10
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PHOTOGRAPHS:

Photograph 1. White-winged dove
20150818_01

Photograph 2. White-winged dove
20150818_01

Photograph 3. Habitat surrounding
white-winged dove 20150818 01

Photograph 4. Nearest project feature to
white-winged dove 20150818 01

AR057322



Additional Documentation Attachment to Comment 2-F1
Attachment [-3
CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM
DATE: 09/04/2015 TIME: 7:33 AM OBSERVER: rHutcheson

PROXIMAL TO PROJECT COMPONENT: 2248713

CARCASS POSITION

GPS COORDINATES (UTM NAD83) 11S East: 622340 North: 3616112

BEARING (degrees) to PROJECT COMPONENT: 173

DISTANCE (meters) to PROJECT COMPONENT: 43

CARCASS DESCRIPTION

SPECIES: WWDO ID: 20150904 02 Tag/Band Number: None
AGE: Unknown SEX: Unknown CONDITION: Scavenged

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): 2 days

CAUSE OF DEATH: Unknown

OBSERVABLE INJURIES: None

SUBSTRATE/GROUND COVER (at carcass location): Bare Ground

DISPOSITION OF CARCASS': left in place NOTES: WWDO feathers scattered in a one foot diameter. Approximately 25 feathers
appeared to be plucked from WWDO.

WEATHER CONDITIONS

AIR TEMPERATURE (degrees fahrenheit): 77-84 CLOUD COVER: clear

PRECIPITATION (last 24 hours): none WIND DIRECTION: South WIND SPEED: 0-10
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PHOTOGRAPHS:

Photograph 1. White-winged dove
20150904_02

Photograph 2. White-winged dove
201500904_02

Photograph 3. Habitat surrounding
white-winged dove 20150904_02

Photograph 4. Nearest project feature to
white-winged dove 20150904_02
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CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM

DATE: 09/18/2015 TIME: 8:01 AM OBSERVER: hfranklin

PROXIMAL TO PROJECT COMPONENT: 2248717

CARCASS POSITION

GPS COORDINATES (UTM NADS83) 11S East: 621384 North: 3616510

BEARING (degrees) to PROJECT COMPONENT: -47

DISTANCE (meters) to PROJECT COMPONENT: 76

CARCASS DESCRIPTION

SPECIES: Bewick’s wren ID: 20150918 01 Tag/Band Number: None
AGE: Adult SEX: Male CONDITION: Intact

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): <1 day

CAUSE OF DEATH: Unknown

OBSERVABLE INJURIES: None

SUBSTRATE/GROUND COVER (at carcass location): Bare Ground

DISPOSITION OF CARCASS': left in place NOTES: 9/22/15 clump of dark down feathers stuck in TIQPLI

WEATHER CONDITIONS

AIR TEMPERATURE (degrees fahrenheit): 68-81 CLOUD COVER: clear

PRECIPITATION (last 24 hours): none WIND DIRECTION: NJ/AWIND SPEED: 0-10
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PHOTOGRAPHS:

Photograph 1. Bewick’s wren 20150918 01

Photo Missing Photograph 2. Photo missing

Photograph 3. Habitat surrounding Bewick’s
wren 20150918 01

Photograph 4. Nearest project feature to
Bewick’s wren 20150918 01
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CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM
DATE: 09/22/2015 TIME: 6:59 AM OBSERVER: kquint

PROXIMAL TO PROJECT COMPONENT: Z60105

CARCASS POSITION

GPS COORDINATES (UTM NAD83) 11S East: 621338 North: 3616571

BEARING (degrees) to PROJECT COMPONENT: -112

DISTANCE (meters) to PROJECT COMPONENT: 148

CARCASS DESCRIPTION

SPECIES: VESP ID: 20150922 01 Tag/Band Number: None
AGE: Adult SEX: Unknown CONDITION: Dismembered
ESTIMATED TIME SINCE DEATH/INJURY (no. of days): 2 days

CAUSE OF DEATH: Unknown

OBSERVABLE INJURIES: None

SUBSTRATE/GROUND COVER (at carcass location): Below Ankle

DISPOSITION OF CARCASS: left in place NOTES: Wings and skull are present. Ants have scavenged most of the connective tissue.

WEATHER CONDITIONS

AIR TEMPERATURE (degrees fahrenheit):79 CLOUD COVER: cloudy

PRECIPITATION (last 24 hours): none WIND DIRECTION: South WIND SPEED: 0-10
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PHOTOGRAPHS:

Photograph 1. Vesper sparrow 20150922 01

205012200 o

Photograph 2. Vesper sparrow 20150922_01

Photograph 3. Habitat surrounding vesper
sparrow 20150922 _01

Photograph 4. Nearest project feature to
vesper sparrow 20150922_01
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CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM

DATE: 09/22/2015 TIME: 7:55 AM OBSERVER: kquint

PROXIMAL TO PROJECT COMPONENT: 2248714

CARCASS POSITION

GPS COORDINATES (UTM NADS83) 11S East: 622018 North: 3616112

BEARING (degrees) to PROJECT COMPONENT: 178

DISTANCE (meters) to PROJECT COMPONENT: 47

CARCASS DESCRIPTION

SPECIES: VESP ID: 20150922 03 Tag/Band Number: None
AGE: Adult SEX: Unknown CONDITION: Intact

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): <1 day

CAUSE OF DEATH: Presumed Collision

OBSERVABLE INJURIES: Head Trauma

SUBSTRATE/GROUND COVER (at carcass location): Bare Ground
DISPOSITION OF CARCASS': left in place

NOTES: Bird has a broken neck and rigor mortis has not yet set in.

WEATHER CONDITIONS

AIR TEMPERATURE (degrees fahrenheit): 79 CLOUD COVER: cloudy

PRECIPITATION (last 24 hours): none WIND DIRECTION: South WIND SPEED: 0-10
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PHOTOGRAPHS:

Due to technical difficulties, no photographs are available
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CENTINELA SOLAR ENERGY PROJECT MORTALITY REPORTING FORM

DATE: 10/13/2015 TIME: 6:33 AM OBSERVER: kquint

PROXIMAL TO PROJECT COMPONENT: 2248712

CARCASS POSITION

GPS COORDINATES (UTM NADS83) 11S East: 622645 North: 3616142

BEARING (degrees) to PROJECT COMPONENT: -139

DISTANCE (meters) to PROJECT COMPONENT: 33

CARCASS DESCRIPTION

SPECIES: house wren ID: 20151013_01 Tag/Band Number: None
AGE: Unknown SEX: Unknown CONDITION: Intact

ESTIMATED TIME SINCE DEATH/INJURY (no. of days): <1 day

CAUSE OF DEATH: Unknown

OBSERVABLE INJURIES: Broken Wing(s)

SUBSTRATE/GROUND COVER (at carcass location): Below Ankle
DISPOSITION OF CARCASS': left in place

NOTES: Ants actively scavenging otherwise intact carcass.

WEATHER CONDITIONS
AIR TEMPERATURE (degrees fahrenheit): 76-84 CLOUD COVER: clear
PRECIPITATION (last 24 hours): none WIND DIRECTION: East WIND SPEED: 0-10

ARO057331



Additional Documentation Attachment to Comment 2-F1
Attachment I-3

PHOTOGRAPHS:

Photograph 1. House wren 20151013 _01

Photograph 2. House wren 20151013 _01

Photograph 3. Habitat surrounding house
wren 20151013_01

Photograph 4. Nearest project feature to
house wren 20151013_01
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DEPARTMENT OF FISH AND GAME
LAW ENFORCEMENT DIVISION

EVIDENCE/ PROPERTY TRACKING FORM

SUSPECT’S NAME: LAST FIRST MI CDL - D.OB.
Solar Partners |,I,VII LLC N/A N/A
DATE OF VIOLATION: CITATION #: SEIZED BY:

N/A N/A CYRVS MOPTADER |
COURT: CASE/ DOCKET #: STORAGE LOCATION:

San Bernardino N/A

WAS FIREARMS DATA FORWARDED TO DISPATCH FOR CLETS ENTRY?

YESl:I

NO I:I N/A

ITEM DESCRIPTION
(FOR ADDITIONAL ITEMS USE ENF-50A)

DESCRIPTION ( Include Make and Model)

EVENT #

-['SERIAL #
1 Bank Swallow
LOG IN DATA
DATE LOGGED IN: LOGGED IN BY: RECEIVED BY:
LOG OUT DATA

HAS EVIDENCE BEEN FOREIETED? YES[ | NO [ ]

ARE ALL FORFEITURE DOCUMENTS COMPLETE? YES [ | NO[ ]
HAS EVIDENCE BEEN TRANSFERRED TO APPROPRIATE LOCATION FOR FINAL DISPOSITION? YES [ | NO[_]
RELEASED BY: RECEIVED BY: DATE:
CHAIN OF CUSTODY
ITEM# | DATE FROM TO LOCATION DISPOSITION
: HWs HUp?EQ CPRICE
1 3 sep $933539 _|Fecroen. |SEqS SVTE Dero
. OFFILE FREE?E WD FE LB Vip "
' " i FREEIETL il _ W
| UYs 15 |Fed Ex KRegers Wik e e, CA | Fro2en carcacs

(CHECK APPROPRIATE ANSWERS)

- DISPOSITION INFORMATION

ARE FORFEITURE DOCUMENTS FILED WITH THE COURT: YES

NO[ ]

IS A COURT RECIEPT SUFFICIENT FOR RELEASE? YES

NO

HAS ONE BEEN ISSUED? YES

NO

1S A FORMAL ORDER REQUIRED FOR RELEASE?  YES

NG

HAS ONE BEEN ISSUED?  YES

NO

**FAX TO APPROPRIATE PROPERTY OFFICER AND SUPERVISOR**

ENF-50 (1/09)

ARO057333
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NS - 0Pﬁaf:i)ment -3

¢! 19
¥ /
3 September 2015

Enclosed is the requested carcass, Bank Swallow (Riparia ripatia). This bird is incident 2015_422_ISEGS,
according to naming convention used for all on-site fatalities. UTMs and details are provided on the
enclosed card {with the carcass). The bird has been processed, documented, and archived as required by
our SPUT guidelines on site (ISEGS).

As Field Lead for the WEST-Inc Avian/Bat Team, | collected, processed, and shipped this bird personally.
Detailed documentation (including age/sex, carcass notes, discovery notes) are documented on site, and
available if required.

Please contact Doug Davis, site representative, or myself for further infermation,

Copies of our SPUT and SCP permits are attached.

vy,

Cyrus Moqtaderi
WEST-INC Field Lead . . .
0 oord inade s Prsvs aed
Phone: 307-630-1335 | D WES 3 H

25,529 'f:;"*f - NS, HS (kY
Uatd U Sire 3(32-*
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Delivered via Electronic Mail

2014 Second Quarterly Report
COA 62 Avian and Bat Protection Plan and
Bird Monitoring and Avoidance Plan
July 10, 2014 Quarterly Report

Discussion

The enclosed report has been prepared to address the reporting requirements for Condition of Approval
(COA) 62 Bird Monitoring and Avoidance Plan (BMAP). This plan is merged with the Avian and Bat
Protection Plan (ABPP), comprising a comprehensive avian management plan for the Topaz project.

In response to COA 62, the Avian and Bat Protection Plan and Bird Monitoring and Avoidance Plan
(ABPP/BMAP) has been prepared, which further describes the approach to implementing the condition
requirements.

COA 62 requires quarterly and annual reports. Quarterly reports are required during construction and
for three years following the beginning of plant operation.

Following the completion of the fourth quarter of monitoring the biologist shall prepare an annual
report that summarizes the year’s data, analyzes any project-related bird fatalities or injuries detected,
and provides recommendations (in consultation with the County) for future monitoring and any
adaptive management actions needed.

Quarterly Reportable Items

COA 62 BMAP requires quarterly reports describing the dates, durations, and results of monitoring and
data collection. The quarterly reports shall provide a detailed description of any project-related bird or
wildlife deaths or injuries detected during the monitoring study or at any other time.

Report Data

Attached is the quarterly report prepared by Althouse & Meade (COA 62 and ABPP Quarterly Monitoring
Report by Althouse & Meade April 01- June 30, 2014.

If there are questions regarding this report, please contact:

Jason Dart

Topaz Site Compliance Manager
Topaz Solar Farm

10400 Helios Way

Santa Margarita, CA

e
First Solar.

www.firstsolar.com COA 062 ABPP Topaz 2nd Quarterly ﬁms@rgg Sage 1
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Topaz Solar Farms

COA 62 Year 3 Second Quarter Report
April 1 -June 30, 2014

for

Avian and Bat Protection Plan
and

Bird Monitoring and Avoidance Plan

House finch nestlings (left), horned lark (center), horned lark nest (right), Topaz Solar Farms 2014. Photographs by P. Gaede.

Prepared for

Topaz Solar Farms LLC
10400 Helios Way
Santa Margarita, CA 93453

By

ALTHOUSE AND MEADE, INC.
BIOLOGICAL AND ENVIRONMENTAL SERVICES
1602 Spring Street
Paso Robles, CA 93446
(805) 237-9626

July 2014

654.48
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Althouse and Meade, Inc. — 654.48
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