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ABSTRACT

Once widespread across lakes of the western Great Basin and the Sierra Nevada mountains of the
United States, native self-sustaining populations of Lahontan cutthroat trout (Oncorhynchus clarkii
henshawi) remain in two lake ecosystems: eutrophic desert terminal Summit Lake and mesotrophic
montane Independence Lake. Maintenance of the life history and genetic diversity within the Summit Lake
and Independence Lake populations has been identified as an important goal of Lahontan cutthroat
management and restoration efforts. In addition, the Summit population is of significant cultural
importance for the indigenous Summit Lake Paiute people. However, little research has been conducted on
the population dynamics of lake-dwelling cutthroat trout, especially in desert terminal lakes. Thus, we
performed population dynamics research on the Summit Lake and Independence Lake populations to
provide direction for their sustainable management and for range wide conservation strategy. At Summit
Lake, we quantified the population dynamics (e.g., number of spawning fishes during a 50 year record from
1968-2017, abundance, population growth rate) and performed a sensitivity analysis to identify the life
history transitions with the most influence on the population growth rate. Abundance was estimated from a
robust design mark-recapture effort. For the population growth rate and sensitivity analyses, we created a
stage-classified (Lefkovitch) matrix population model with skipped spawning and parameterized it with
data from the mark-recapture-detection of individuals in the lake and spawning tributary (Mahogany
Creek), as well as data or results from an Independence Lake population viability analysis study. Adult
abundance declined steadily (2096 to 661 individuals), and the growth rate indicated a declining population
(0.52). The Nonspawning to Nonspawning and Spawning stages (0.53 and 0.11, respectively) had the most
influence on the population growth rate. The growth rate was driven by low adult survival (0.51) and the
high and low probabilities that a nonspawner would remain a nonspawner (0.82) or become spawner (0.18),
respectively. These results contradict previous findings that identify juvenile life stages as the most
sensitive parameters in cutthroat trout population studies. In addition, low fecundity (0.85) likely decreased
recruitment. Then we compared the population dynamics of the Summit Lake and Independence Lake
populations. Using the model described above for each population, we parameterized the models with data

and parameters from their respective population studies and compared their population growth rates and



sensitivity analyses. Both population growth rates indicated decline (0.94 and .52 < 1, respectively), and the
populations shared the third most sensitive parameter - low repeat spawning rates (0.44 and 0.36,
respectively). But the difference between the growth rates was large, the Independence Lake growth rate
overlapped 1, and the top two sensitive parameters at Independence Lake were fry (0.03) and juvenile
survival (0.25). Also, the much higher fecundity at Independence Lake (87) likely contributed to their
higher growth rate via recruitment. At Summit Lake, sensitive adult parameters may be indicative of life
history adaption to the desert habit, a plastic response to drought, or simply the norm for self-sustaining
populations not impacted by invasive species or other adverse factors. Our findings suggest managers
should focus their efforts on protecting juveniles in Independence Lake and adults and fecundity in Summit
Lake, and to guard against assuming that intra-specific populations have the same population drivers,

especially populations in disparate habitats.



ACKNOWLEDGEMENTS

First, | want to thank my personal Lord and Savior Jesus Christ for his love, grace, guidance, and
support. To Him | owe all that | have been, am, or will be, and all that | have done or will do in this life.
My ‘salt of the earth’ parents are the second force behind this accomplishment, especially my precious
mother. I am truly humbled and filled with gratitude when I think of how her love, strength, fortitude,
perseverance, hard work, sacrifice and prayers set me on the right path in life, and how those qualities and
actions continue to inspire and help me. Next, | want to thank my lovely, wonderful wife. | am grateful for
her love, patience, understanding and strength as she both supported me and also dealt with her own
struggles with my being gone or unavailable so much for field, lab or class work. Then | thank my sister
and her husband, Rebecca and Dan Kellett, and their active boys, for their love and support during this
‘internship’. In addition, my wife’s family have been a steady source of love and encouragement.

I am extremely thankful to my advisor Sudeep Chandra Ph.D. for his professionalism, mentoring,
encouragement, availability and confidence in me and for providing this opportunity to perform exactly the
kind of fisheries research and conservation work that | quit my job for over five years ago. | am very
appreciative to my other committee members, Zeb Hogan Ph.D., Christopher Jerde Ph.D., and Marjorie
Matocq Ph.D., for the same qualities. Furthermore, | want to thank all of my graduate professors. | have
had nothing but positive experiences in all of my courses; I’ve learned a great deal. Kevin Shoemaker
Ph.D., in particular, was extremely willing and patient to help me with the Bayesian modeling portion of
this analysis.

I could not have completed all of the field work without the hard work and support of my
‘colleague in arms’ Teresa Campbell. She was a tremendous team member, and | will not forget our many,
many stimulating car ride conversations, and listening to podcasts. | want to thank the following Summit
Lake Paiute Tribe staff (and their colleagues) for their field work, administrative support, or assistance:
Will Cowan, Robert Zeyer, Jessica Saenz, Rachel Youmans, Kyle Mathews, Nick Rzyska-Filipeck, Lonnie
Jackson, Jamie Stump, Julie Wallis, Pete Rissler, and Gary Scoppettone. The following UNR field
technicians or students deserve thanks for their professionalism, hard work, or assistance: Jason Barnes,

Geoffrey Kibler, Andrew Reckers, Sabrina Heitmann, Jason Schumacher, and Scott Hoffman. Profound



thanks also to the professionalism of Bonnie Teglas for project administrative support and for her
friendliness and encouragement. And thank you to Doug Ouellette for his involvement and willingness to

assist with the project.



TABLE OF CONTENTS
AAB STRACT ..ttt ettt bt bt e b e e bt oAb e ekt e e b e e h e e ARt e ebe oAbt oAbt oAbt ehE e eh e ekt e bt e be e R bt Rb e naeesheenreeaas i
ACKNOWLEDGEMENTS ..ttt sttt bttt h e bbb et e s e e b e sbe e sbe e nbeanbeeneeeae e e iii
LIST OF TABLES ...ttt r et s et b et n s e s n e nre e sneen e enneaneenneenre e vii
LIST OF FIGURES ...ttt e r et s Rt e bt n e e e e e s re e nreenreenne e X
1.0 Chapter 1 — Project INTrOGUCTION ........ciiiiiiiiieisie et 1
2.0 Chapter 2 — Population dynamics of threatened Lahontan cutthroat trout in Summit Lake (USA) ......... 3
2.1 INEFOTUCTION ..ottt ettt n et 4
2.2 IMBENOUS ...ttt bbb bbbt bbbt 7
2.3 RESUILS ..ttt bbb bbb b r ettt b e r e 17
2.4 DISCUSSION ....vevireeieireeetesre et ar et ne et r e e s e s e e st nr e et e e e er s r e eR e nr e s e e bt nr e e er e nn e e enenn e e erenreneas 19
2.5 RETEIBICES ....oevieeieitee e r et r et 28
2.8 TADIES & FIQUIES ...ttt b bbbt b et ebesb et sn e ebenreneas 36
3.0 Chapter 3 - Population dynamics of threatened Lahontan cutthroat trout from the last two remnant lakes
WIth NAEUFAl FTECTUITIMENT ....evieiiie e r e e eer e e enenn e 55
L INEFOAUCTION .ottt et b e bbbt b e bt eb e bt nb e ebenreneas 56
B2 IMBENOUS ...t b bbb bbb h bbb et benre e 58
BLBIRESUILS ..t 67
B2 DISCUSSION .evetisieteite ettt b et b bbb et b e s b st b e b st eb e s b st eb e nb b e eb e nb et ek e st e s e et e nbeneabenreneas 68
BB RETEIEICES ...tttk b bbb bbbt b bt b e 80
3.6 TADIES & FIQUIES ..oeieietiecie ettt ettt e st e e be et e anbesteenbeebeesbeaneenneas 89
4.0 Chapter 4 — Management ReCOMMENALIONS .........cceiiiiiiiieieee ettt ee e 100
5.0 APPENTIX .ttt bbbt bt Rt R Rt b bRttt b bt e b e s 102
5.1 Supplemental tables and figures from Chapter 2 ... 102
5.2 FIY TrAD GESIGN .ottt bt e bbbttt e b b e bbbt e e e e e et 105

5.3 FyKe (1rap) Nt ABSIGN ...eoueieiiieieeste ettt sttt b e 105



Vi

5.4 R code for population growth rate hiStograms ..........cccecereririeniesiesieeene e e 105
5.5 R code for Bayesian survival Model ...........cccoooroiiiiiiiie e 111
5.6 Trap NEESEL JALA ....ecveveiiiteiieiite ettt bbbt b e 115
T A OF: o1 (0 (N I - LSS 128
5.8 HOOK @Nnd 1IN€ ALA .....cvvvveiiiieecieeee e 165

5.9 Hook and 1iNe CAPIUIE atA .......c..evivirieiiiieiiei e 165



vii

LIST OF TABLES
Chapter 2

2.1. Parameter definitions for the lake-dwelling Lahontan cutthroat stage-classified life history and
population matrix models (Figs 2.2 and 2.3, reSPECIVEIY) .....c.ciriiiiiiiiiecree s 36

2.2. Summary of the captured and extrapolated (E.) Fry and juvenile (Juv = Juvenile A or B) counts from
the fry trap in 2016 and 2017, Summit Lake, Nevada, USA ... 36

2.3. The start and end dates for the 8 primary lake sampling periods from spring 2015 to fall 2017, Summit
LaKe, NEVAA, USA ...ttt bbbt bbbt e bt s b e s e et nbe s e ebe st e e ebenee e ebenbe e 36

2.4. Summary of the fyke (trap) net sets during the lake mark-recapture effort for lake-dwelling Lahontan
cutthroat at Summit Lake, Nevada, USA, 2015-2017. Z1=sampling zone 1, and so forth (Fig 2.1B) ......... 37

2.5. Summary of lake dwelling Lahontan cutthroat captured during the lake mark-recapture effort at
Summit Lake, Nevada, USA, 2015-2017 ......ccoviiiiiirie et etee et etee et stee st s s etesssbesasteessbessbessbesareesees 37

2.6. Estimated annual number of spawning lake-dwelling Lahontan cutthroat trout at Summit Lake,
LAYz (o RO Y AN O S AR 37

2.7. Estimated annual number of spawning female lake-dwelling Lahontan cutthroat trout at Summit Lake,
NEVAAA, USA, 20152017 ...cueieeiieereetiieeietisieiete st st st te st s ste e sesbe e e sesbe e ebesbe e esesbe e esesbesesenbessenentennanes 38

2.8. Number of Lahontan cutthroat spawners at Independence and Summit Lakes from 1978-2017
[23,26,124,email communication Nature Conservancy Independence Lake Preserve]........ccooveveivicnennas 39

2.9. Summary of parameter estimates for the stage-classified (Lefkovitch) population models of lake-
dwelling Lahontan cutthroat captured at Independence and Summit Lakes, California and Nevada, USA,
1997-2005 and 2015-2017, reSPECEIVEIY [26] ....coveviririiiiiriiicitrieets s 40

2.10. Juvenile B (Fig 2.2) probability rates of becoming a Spawning (ss.3) or Non-spawning (S4,3) adult
(=300 mm) for lake-dwelling Lahontan cutthroat trout at Summit Lake, Nevada, USA, 2015-2017 .......... 40

2.11. Adult (=300 mm) spawner to spawner (Ss5) and nonspawner to spawner (ss4) probability estimates for
lake-dwelling Lahontan cutthroat trout at Independence and Summit Lakes, California and Nevada, USA,
1997-2005 and 2015-2017, reSPECLIVEIY [26] ....ccveiveiieiieciiesti ettt 40

2.12. Model selection results for survival (), population growth (1), capture (pcarture), and recapture (c)
rates of adult (male, female, and unknown sex, >300 mm) lake-dwelling Lahontan cutthroat captured
during the lake mark-recapture effort (n=1082) at Summit Lake, Nevada, USA, 2015-2017 ........cccccerurnerne 41

2.13. Abundance (Ny), and survival (¢), population growth (1), capture (pcapture), and recapture (c) rate
estimates for the ground-truthed AIC (Akaike Information Criterion) model (Table 2.12) of adult (male,
female, and unknown sex, >300 mm) lake-dwelling Lahontan cutthroat captured during the lake mark-
recapture effort (n=1082) at Summit Lake, Nevada, USA, 2015-2017 .......ccccvrvvrreeriererernrrseseeeereeseenee s 42

2.14. Model selection results for survival (¢a), population growth (1), capture (pcarture), and recapture (c)
rates of adult (=300 mm) female lake-dwelling Lahontan cutthroat captured during the lake mark-recapture
effort (n=678) at Summit Lake, Nevada, USA, 2015-2017.......ccocoiririiiieieiieeeieie e 43



viii

2.15. Bayesian posterior distribution parameter estimates of top AIC model (Table 2.14) for adult (=300
mm) female lake-dwelling Lahontan cutthroat trout captured during the lake mark-recapture effort (n=678)
at Summit Lake, Nevada, USA, 20152017 ......ccccereirerieiienieie ettt st sttt sne e 43

2.16. Data ClONING FESUIS ...ttt bbbt b bbbttt b et 44

2.17. Parameters estimates for the stage-classified population matrix model of Independence Lake,
CalifOrNIa, USA [26] ....ceeieieiiiitiieeetirt ettt bbb b et b bbbt b et b e 44

2.18. Results of the sensitivity analyses of the stage—classified (Lefkovitch) population models of lake-
dwelling Lahontan cutthroat captured at Independence and Summit Lakes, California and Nevada, USA,

1997-2005 and 2015-2017, respectively [26]. Values are Percentages .......ccoveveeevvereeresesieseseeeeseeseeseenns 45
2.19. Survey of population dynamics studies for cutthroat trout and other trout SPeCIes..........cevvevvererierncns 46
2.20. Fecundity comparison across cutthroat subspecies and SYStEMS .........ccceovvererinenennienenee e 48

2.21. Adult survival comparison between Lahontan cutthroat (LC, Oncorhynchus clarkii henshawi),
Bonneville cutthroat (BC, Oncorhynchus clarki utah), lake trout (LT, Salvelinus namaycush), and bull trout
(BT, Salvelinus confluentus) in VArioUS SYSTEMS .......c.ciuiiiiriiiirieieisieeee sttt 48

2.22. Annual spawning mortality rates for lake-dwelling Lahontan cutthroat at Summit Lake, Nevada,
USA, 20152017 ...eeueiteieeieete sttt sttt sttt et sttt ettt b s b e st b bbbt R ket R bt R bRt Rt n b e enes 48

2.23. Juvenile survival comparison across trout species in various systems. Species abbreviations:
LC=Lahontan cutthroat (Oncorhynchus clarkii henshawi), BC=Bonneville cutthroat (Oncorhynchus clarki
utah), YC=Yellowstone cutthroat (Oncorhynchus clarkii bouvieri), BT=bull trout (Salvelinus confluentus),
LT=lake trout (Salvelinus NAMAYCUSN)........ciiiiiiiiiir bbb 49

Chapter 3

3.1. Number of Lahontan cutthroat spawners at Independence and Summit Lakes from 1978-2017 [15-
17,email communication Nature Conservancy Independence Lake Preserve].......ccccocvevvvevvevveneeiescnennn, 89

3.2. Parameter definitions for the lake-dwelling Lahontan cutthroat stage-classified life history and
population matrix models (Figs 3.2 and 3.3, reSPectively) [21] ..ccovveiieii i 90

3.3. Parameters estimates for the stage-classified population matrix model of Independence Lake,
(O 111 0] (o[- T U Y T 90

3.4. Summary of parameter estimates for the stage-classified (Lefkovitch) population models of lake-
dwelling Lahontan cutthroat captured at Independence and Summit Lakes, California and Nevada, USA,
1997-2005 and 2015-2017, resSpeCtiVEly [15,21]....ccueiiiiiiiiesiresieee ettt 91

3.5. Juvenile B (Fig. 3.2) probability rates of becoming a Spawning (Ss3) or Non-spawning (ss,3) adult
(=300 mm) for lake-dwelling Lahontan cutthroat trout at Summit Lake, Nevada, USA, 2015-2017 [21]...92

3.6. Adult (=300 mm) spawner to spawner (Sss5) and nonspawner to spawner (s 4) probability estimates for
lake dwelling Lahontan cutthroat trout at Independence and Summit Lakes, California and Nevada, USA,
1997-2005 and 2015-2017, reSPECtiVElY [15,21]...c.cciiiiiiriiieiirieieiisiee s 92



3.7. Results of the sensitivity analyses of the stage—classified (Lefkovitch) population models of lake-
dwelling Lahontan cutthroat captured at Independence and Summit Lakes, California and Nevada, USA,
1997-2005 and 2015-2017, respectiVely [15,21].....ccvcieieiireie et 92

3.8. Model selection results for survival (pa), population growth (1), capture (pcarture), and recapture (c)
rates of adult (>300 mm) female lake-dwelling Lahontan cutthroat captured during the lake mark-recapture

effort (n=678) at Summit Lake, Nevada, USA, 2015-2017 [21]....cccceoviireiineieiienieesene e 92
3.9. Data CloNiNg rESUILS [21] ....coveieiiieiieiisteiet sttt 93
3.10. Annual spawning mortality rates for lake-dwelling Lahontan cutthroat at Summit Lake, Nevada,

USA, 20152017 [21] .evereieeieeieeteriereetesteresie sttt sttt et st be bbbt e bt st et b e st e ebe st et e bt et et b et e ne b e nes 93
3.11. Fecundity comparison across cutthroat subspecies and SYStEMS ........cccevvvveieieereiesese e ee e 93
3.12. Juvenile survival comparison across trout SPecies in Various SYStEMS ..........cccvererrenenieienenieenennans 94

3.13. Adult survival comparison between Lahontan cutthroat (LC, Oncorhynchus clarkii henshawi),
Bonneville cutthroat (BC, Oncorhynchus clarki utah), lake trout (LT, Salvelinus namaycush), and bull trout
(BT, Salvelinus confluentus) in VArioUS SYSTEMS .......c.ciuiiiiriiiirieieisieeee sttt 94



LIST OF FIGURES
Chapter 2

2.1. Summit Lake (Nevada, USA) and Independence Lake (California, USA), including their sole,
perennial spawning tributaries, Mahogany Creek and Independence Creek (panels A and B), respectively.
Panel A also displays the 4 sampling zones at SUMMIt LaKe .........ccooiviiiiiiniiiiecee s 49

2.2. Life history model of lake dwelling Lahontan cutthroat at Independence and Summit Lakes, California
and Nevada, USA, respectively. The diagram depicts the relationships and annual transition parameters (fis
- ps.5) between the key life stages. fi s is fecundity; p21 and ps2 are the survival rates for Fry (<100 mm) and
Juvenile A (100 mm<Juvenile A<199 mm); pszand pszare the transition rates for Juvenile B (200
mm<Juvenile B<299 mm) to a Non-spawning or Spawning adult (=300 mm); ps4 and pssare the transition
rates for Non-spawning adults to remain a Non-spawning adult or become a Spawning adult; and ps.4and
pss are the transition rates for Spawning adults (=300 mm) to remain a Spawning adult or become a Non-
spawning adult, respectively. 0<p21— Ps5<1 and fis € {0, 1, 2...} ceoeiiiiieiiieieeeeee e 50

2.3. Stage-classified (Lefkovitch) population matrix model for the lake-dwelling Lahontan cutthroat
populations at Independence and Summit Lakes, California and Nevada, USA, respectively. The matrix is
constructed with the stages, relationships, and transition parameters from the cutthroat trout life history
model (Figure 2.2). fi5is fecundity; p21and ps2 are the survival rates for Fry (<100 mm) and Juvenile A
(100 mm<Juvenile A<199 mm); ps3and ps s are the transition rates for Juvenile B (200 mm<Juvenile
B<299 mm) to a Non-spawning or Spawning adult (=300 mm); ps.+and passare the transition rates for Non-
spawning adults to remain a Non-spawning adult or become a Spawning adult; and ps4 and pss are the
transition rates for Spawning adults (>300 mm) to remain a Spawning adult or become a Non-spawning
adult, respectively. 0<pz1 — Ps5<1 and f15 € {0, 1, 2... } oo 50

2.4. Annual number of Lahontan cutthroat spawners captured at the Summit Lake (Nevada, USA) fish weir
on Mahogany Creek from 1978-2017, excluding 2004-2005. Data provided by the Summit Lake Paiute
Tribe [23]. Red horiztontal lines represent drought periods [15,30,125] .......cooeoiiiniiineneiineneeseeesee 51

2.5. Adult (>300 mm) abundance estimates (n=1082) of lake-dwelling Lahontan cutthroat trout at Summit
Lake, NV, USA, 2015-2017. The estimates were derived from the top ground truthed model from AIC
(Akaike Information Criterion) model (Table 2.12) selection of the lake mark-recapture effort. The
abundance estimates and primary sampling periods are located on the x and y axes, respectively. The error
bars are 95% profile likelihood confidence INtEIVAIS ...........cccviiiiiiiice e 52

2.6. Population growth rate comparison of female lake-dwelling Lahontan cutthroat at Independence and
Summit Lakes, California and Nevada, USA, 1995-2005 and 2015-2017, respectively [26]. Each
histogram was generated from a simulation that calculated the dominant eigenvalue of the stage-classified
population matrix model (Figure 2.3), using the estimated parameter distributions (Table 2.9), for each
population. The number of simulations and the population growth rates are located on the x and y axes,
respectively. The means and standard deviations are listed below. The red vertical lines indicate the means
(o] i 1 Lc 4T (oo =T 4SS 53

2.7. Annual number of Lahontan cutthroat spawners captured at the fish weir located in Upper
Independence Creek (Independence Lake, California, USA) from 1997-2016. Data provided by
[26,124 ,email correspondence Nature Conservancy Independence Lake Preserve] ........ccccooeeveveienencne. 54

Chapter 3
3.1. Summit Lake (Nevada, USA) and Independence Lake (California, USA), including their sole,

perennial spawning tributaries, Mahogany Creek and Independence Creek (panels A and B), respectively.
Panel A also displays the 4 sampling zones at SUMMIt Lake ..........ccoereiiiieninnieieeee e 95



Xi

3.2. Life history model of lake dwelling Lahontan cutthroat at Independence and Summit Lakes, California
and Nevada, USA, respectively. The diagram depicts the relationships and annual transition parameters (fis
- ps,5) between the key life stages. fi5 is fecundity; p21and ps are the survival rates for Fry (<100 mm) and
Juvenile A (100 mm<Juvenile A<199 mm); ps3 and pssare the transition rates for Juvenile B (200
mm<Juvenile B<299 mm) to an age 3 yr. Non-spawning or Spawning adult; ps.s and pss are the transition
rates for Non-spawning adults (=300 mm) to remain a Non-spawning or become a Spawning adult; and ps4
and ps s are the transition rates for Spawning adults (=300 mm) to remain a Spawning adult or become a
Non-spawning adult, respectively. 0<pz1—pss<l and fis € {0, 1, 2.} ccooeiiriiiiiiiiieeee e 95

3.3. Stage-classified (Lefkovitch) population matrix model for the lake-dwelling Lahontan cutthroat
populations at Independence and Summit Lakes, California and Nevada, USA, respectively. The matrix is
constructed with the stages, relationships, and transition parameters from the cutthroat trout life history
model (Figure 3.2). fisis fecundity; p21and ps2 are the survival rates for Fry (<100 mm) and Juvenile A
(100 mm<Juvenile A<199 mm); ps3and ps s are the transition rates for Juvenile B (200 mm<Juvenile
B<299 mm) to an age 3 yr. Non-spawning or Spawning adult; ps.4and pasare the transition rates for Non-
spawning adults (>300 mm) to remain a Non-spawning or become a Spawning adult; and pssand pss are
the transition rates for Spawning adults (=300 mm) to remain a Spawning adult or become a Non-spawning
adult, respectively. 0<pz1— Pss<1 and f 15 € {0, 1, 2. .} oo 96

3.4. Population growth rate comparison of female lake-dwelling Lahontan cutthroat at Independence and
Summit Lakes, California and Nevada, USA, 1995-2005 and 2015-2017, respectively. Each histogram was
generated from a simulation that calculated the dominant eigenvalue of the stage-classified population
matrix model (Figure 3.3), using the estimated parameter distributions (Table 3.4), for each population. The
number of simulations and the population growth rates are located on the x and y axes, respectively. The
means and standard deviations are listed below. The red vertical lines indicate the means of the histograms
303 OSSO UR PSSP 97

3.5. Annual number of Lahontan cutthroat spawners captured at the fish weir located in Upper
Independence Creek (Independence Lake, California, USA) from 1997-2016 [15-16,email correspondence
Nature Conservancy Independence LaKe PrESEIVE] ..ottt s 98

3.6. Annual number of Lahontan cutthroat spawners captured at the Summit Lake (Nevada, USA) fish weir
on Mahogany Creek from 1978-2017, excluding 2004-2005. Data provided by the Summit Lake Paiute
Tribe [17]. Red horiztontal lines represent drought periods [26,65,70] ......ccccoveiiieneiineneiieneseee e 99



1.0 Chapter 1

PROJECT INTRODUCTION

North American freshwater fauna is declining five times faster than terrestrial fauna. Since the
mid-1800s, habitat loss, overfishing and invasive species have severely altered western United States (US)
freshwater fish communities. Today climate change predictions for the western US (increased climatic
variability that will increase drought frequency and duration, and shift precipitation to more rain and less
snow]) threaten to compound these disturbances. These legacy, current and future disturbances synergize
into a formidable challenge for conserving western US freshwater fish biodiversity, often necessitating
active management of fisheries that are susceptible to further decline and localized extinctions. Cutthroat
trout (Oncorhynchus clarkii spp.) are salmonids native to the coastal and inland waters of western North
America. Comprised of approximately 14 original subspecies, the historic distribution of cutthroat species
ranged from Alaska to southern Texas and from the Canadian and US Pacific Coasts to the Rocky
Mountains. Ranges and populations of many subspecies have declined over the past century, with two
subspecies now extinct. Lahontan cutthroat trout (Oncorhynchus clarkii henshawi, Lahontan cutthroat) is
the largest (physical size) subspecies and one of three on the US endangered species list. In mid-1800s,
Lahontan cutthroat occupied 11 lakes - 6 lakes in the Sierra Nevada Mountains and 5 lakes east in the high
desert sagebrush steppe of the western Great Basin - but were extirpated from 9 lakes over the next one
hundred years. Independence Lake (California) and Summit Lake (Nevada), representing only 0.4% of the
historic lake habitat, contain the last native self-sustaining lake-dwelling populations. The threatened status
of Lahontan cutthroat, the similarities and differences between the lakes and their populations, recognition
that the populations are unique, and the few comparative population dynamics studies with lake-dwelling
cutthroat trout, made these populations ideal study and comparison. Further, the Lahontan cutthroat fishery
at Summit Lake is a significant component of the cultural heritage of the Summit Lake Paiute Tribe, as
reflected in the tribe’s original name, Agai Panina Ticutta, which translates as the Summit Lake Fish

Eaters.



Most cutthroat trout population dynamics research has occurred in rivers and streams of the Rocky
Mountains and Sierra Nevada Mountains. Few cutthroat trout population studies have focused on lake-
dwelling populations in desert terminal lakes or as comparison studies between lake-dwelling populations
(within or between cutthroat subspecies). Published literature on Lahontan cutthroat population dynamics
has estimated survival rates in the Truckee River and Walker Lake, population growth rates and extinction
risk in northern Nevadan creeks, the effects of brook trout removal on egg/fry survival and spawning run
numbers at Independence Lake, and described the spawning run and lake-ward migration of juveniles at
Summit Lake. Key unpublished research on lake-dwelling populations includes the ecology and viability at
Independence Lake, and annual fisheries reports that contain the annual spawning run counts and additional
population data at Summit Lake.

This research focused on quantifying the population dynamics of the Summit Lake population,
and then comparing the population dynamics of the Independence Lake and Summit lake populations. The
specific objectives of Chapter 2 were to: 1) estimate the abundance of the Summit Lake population, 2)
determine whether the population is increasing, stable, or decreasing, and 3) identify the life history
parameters with the greatest impact on the population trend. The specific objectives of Chapter 3 were to:
1) compare the population level data available at both lakes, 2) create a population model of the lake-
dwelling Lahontan cutthroat life history, and 3) compare and contrast the inferences gained from each
effort to identify the key life history parameters that influenced the dynamics of the populations.
Abundance at Summit Lake was estimated with a robust design mark-recapture method. For the population
growth rate and sensitivity analyses, a stage-classified (Lefkovitch) matrix population model was
developed and then parameterized for Summit Lake with mark-recapture-detection data collected during
this study, and for Independence Lake with data and results contained in the population viability analysis

(also from mark-recapture-detection methods).
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Abstract

Summit Lake (Nevada, USA) is home to one of the last two self-sustaining lake-dwelling
populations of threatened Lahontan cutthroat trout (Oncorhynchus clarkii henshawi). The trout are of
significant cultural importance for the Paiute people indigenous to the Summit Lake area. We quantified
the population dynamics (e.g., number of spawning fishes during a 40 year record from 1978-2017,
abundance, growth rate) of trout within the lake to provide direction for the design of a sustainable
management plan for this species. In addition we performed a sensitivity analysis to identify the population
components with the most influence on population growth rate. Population abundance was estimated with a
robust design, mark-recapture effort. For the population growth rate and sensitivity analyses, we created a
stage-classified (Lefkovitch) matrix population model with skipped spawning. The model was
parameterized with data from the mark-recapture or detection of Lahontan cutthroat trout in the lake and

spawning tributary (Mahogany Creek) and life history information from the other remaining, native lake
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population of trout in Independence Lake, California. Adult abundance of Lahontan cutthroat trout in
Summit Lake declined steadily (2096 to 661 individuals), and the growth rate indicated a declining
population (0.52). The sensitivity analysis identified the transition rates from the Nonspawning to
Nonspawning and Spawning stages (0.53 and 0.11, respectively) as having the greatest contribution to the
dynamics of the population. The growth rate was driven by low adult survival (0.51) and the high and low
probabilities that a nonspawner would remain a nonspawner (0.82) or become spawner (0.18), respectively.
These results contradict previous findings that identify juvenile life stages as the most sensitive parameters
in cutthroat trout population studies. Highly sensitive adult parameters may be indicative of life history
adaptation to the desert habitat, a plastic response to drought, or simply the norm for self-sustaining
populations not impacted by invasive species or other adverse factors. In addition, low fecundity (0.85)
contributed little to recruitment. These results suggest that management efforts (e.g., riparian restoration) to

enhance fecundity and adult survival are most likely to increase the population growth rate.

21 Introduction

Amid the backdrop of global biodiversity decline [1], North American freshwater fauna is
declining five times faster than terrestrial fauna [2]. Since the mid-1800s, habitat loss, overfishing and
invasive species have severely altered western United States (US) freshwater fish communities [3]. Today
climate change predictions for the western US (increased climatic variability that will increase drought
frequency and duration, and shift precipitation to more rain and less snow [4-5]) threaten to compound the
above disturbances [6-7]. These legacy, current and future disturbances combine into a formidable
challenge for conserving western US freshwater fish biodiversity, often necessitating active management of
fisheries that are susceptible to further decline and localized extinctions [8].

Cutthroat trout (Oncorhynchus clarkii spp.), so named because of the two red slashes under the
jaw that make the throat appear to be cut, are salmonids native to the coastal and inland waters of western
North America [9]. Comprised of approximately 14 original subspecies, the historic distribution of
cutthroat species ranged from Alaska to southern Texas and from the Canadian and US Pacific Coasts to

the Rocky Mountains [9-10]. Ranges and populations of many subspecies have declined over the past



century, with two subspecies now extinct [9]. Lahontan cutthroat trout (Oncorhynchus clarkii henshawi,
Lahontan cutthroat) is the largest (physical size) subspecies [11] and one of three on the US endangered
species list [12].

Lahontan cutthroat was the top predator in ancient Lake Lahontan, the large inland sea that
covered much of northwestern Nevada and small portions of northeastern California and southeastern
Oregon during the Pleistocene. As Lake Lahontan desiccated over subsequent millennia, Lahontan
cutthroat became restricted to the remnant streams, rivers and lakes. By the mid-1800s, Lahontan cutthroat
occupied 11 lakes, which ranged from the remote northwestern corner of Nevada to the middle portion of
the Sierra Nevada Mountains in California, with 6 lakes in the Sierra Nevada Mountains and 5 lakes east in
the high desert sagebrush steppe of the western Great Basin. Over the next one hundred years, Lahontan
cutthroat were extirpated from 9 lakes. Independence Lake (California) and Summit Lake (Nevada),
representing only 0.4% of the historic lake habitat, contain the last native self-sustaining lake-dwelling
populations [13]. This precipitous decline in lake-dwelling populations was a major reason the US Fish and
Wildlife Service added Lahontan cutthroat to the US endangered species list in 1970 [14].

The Lahontan cutthroat residing in Summit Lake have been recognized as a unique subpopulation
[13-14] with important cultural heritage for the region’s indigenous people [9,15-16]. The Lahontan
cutthroat population’s proximity to the Black Rock Desert (Nevada) [13], adaptation to warm eutrophic
alkaline waters [11,13,17-18], and its genetic divergence from other populations [19-20], warranted
inclusion in the Northwestern Lahontan basin distinct population segment (special population distinction
under the US Endangered Species Act) in the Lahontan cutthroat recovery plan [14]. The lake’s remote
location and restricted access to the watershed by the Summit Lake Paiute Tribe has kept the ecosystem and
population relatively undisturbed, buffering it from the disturbances (e.g. invasive salmonid introductions,
watershed development, hatchery production) that have devastated most other Lahontan cutthroat
populations [21]. The cultural connectivity between the Summit Lake Paiute Tribe and the fishery is
reflected in the tribe’s original name, Agai Panina Ticutta, which translates as the Summit Lake Fish Eaters
[16]. Thus, Lahontan cutthroat at Summit Lake are truly a cultural and ecological stronghold population for

the subspecies.



Recognizing the importance of Summit Lake Lahontan cutthroat, efforts have been made in the
last 50 years to understand the dynamics and life history of the population by focusing on the magnitude
and timing of the fry (age 0 years) migration to the lake [15], estimating overall abundance with hydro
acoustic techniques [22], and counting the number of spawners for most years since 1978 [23]. But these
activities have not been unified in time through a conceptual or analytical framework. Monitoring
population subsets can be an indicator of the population’s status, they can also be misleading when viewed
outside the context of a comprehensive population dynamics framework. For example, Lahontan cutthroat
managers have been alarmed by the declining number of spawners since the late 1990s; but because
spawners are a subset of the population, they may not reflect the population’s trajectory [24]. Meanwhile,
the US Geological Survey conducted a population viability analysis (the probability that a population will
exist after a pre-determined timeframe [25]), for the Independence Lake population [26]. Thus concern
over the declining spawning run, potential overreliance on population subsets, and the Independence Lake
population viability analysis, have further exposed the need for tribal managers of Lahontan cutthroat to
model the mechanisms driving the population dynamics at Summit Lake.

In this study, we wanted to answer the following questions: 1) how many individuals comprise the
population in Summit Lake, 2) is the population increasing, stable, or decreasing, and 3) what life history
components affect the trend? We addressed these questions, respectively, by estimating abundance, the
growth rate, and by performing a sensitivity analysis to identify the life history components with the most
impact on the growth rate. We estimated abundance with a mark-recapture method. For the growth rate
estimation and sensitivity analysis, we developed a stage-classified matrix population model and estimated

its parameters with either mark-recapture or mark-recapture-detection methods.



22 Materials and methods

Ethics statement

We conducted this study of Lahontan cutthroat in accordance with the approved procedures in US
Fish and Wildlife Permit #TE-17827A-4, and Protocol #00679 of the Institutional Animal Care and Use

Committee of the University of Nevada, Reno, US.

Study area

Summit Lake (Fig 2.1A and 2.1B) is located in the northwestern corner of Nevada, Humboldt
County, US (41.515N -119.063W). Prior to approximately 8,000 years ago, an area north of Pleistocene
Lake Lahontan with southward drainage was blocked by a landslide, thereby creating Summit Lake and
potentially isolating its Lahontan cutthroat population [27]. The lake is terminal (no outflow) [15,27-28],
with relatively shallow and deep northern and southern halves, respectively [28]. The climate is typical of
the Great Basin, with warm summers, cold winters and low annual precipitation [29]. With the lake’s
relatively high surface elevation (1780 m), small surface area (2.8 km?), and relatively shallow depth
profile (mean and max. depths of 6 and 15 m, respectively), the lake freezes in the winter, stratifies in the
summer (surface temperatures>22 C°), and mixes in the spring and fall (dimictic). In addition, the lake is
eutrophic, alkaline, and rich in invertebrates and macrophytes [28]. Recently, during the severe drought in
the western US [30], the lake elevation dropped approximately 4 m [23].

Mahogany Creek, which flows into the northeast shoreline, is the sole, perennial spawning
tributary and thus serves as the primary source of Lahontan cutthroat recruitment for the lake population
[15]. The creek is relatively small, with a mean bankfull width of 2.25 m and mean maximum bankfull
depth of 0.42 m [31]. Though spawners utilize most of the creek and its tributaries when conditions permit,
most spawning occurs in the lower to middle reaches [23]. Depending on environmental conditions, the

spawning run and fry migration can occur from March to June and April to November, respectively [15].



The entire lake is contained within the Summit Lake Paiute Reservation (Reservation), established
in 1913. Public access to the lake or public fishing has never been allowed. Subsistence fishing is allowed
for tribal members only but is regulated [32]. Tribal harvest from the spawning run was relatively high
from 1978-1991 (mean~19%:z0.10%, min~5%, max~33%) but declined substantially afterward (mean~2%,
min~0%, max~8%) [33]. Invasive salmonids have never been established in the lake or creek, but two
invasive minnows became established in the lake and lower creek in the early 1970s [15,28]. The invasive
minnows seem to exert little to no competition pressure in the lake, but their impact in the creek is less
certain (though also thought to exert little competitive pressure) (Chandra, unpublished data). Grazing on
the federal and Reservation portions of Mahogany Creek were discontinued in 1974 and 1991, respectively.
Grazing in the remainder of the Reservation was minimal from 1990-2004 and has not been allowed
henceforth [15,34]. Hatchery supplementation of Lahontan cutthroat derived from Summit Lake ended in
1984, but the supplementations from 1975-1984 were considered to have a negligible impact on the

population [35].

Life history

Lake-dwelling Lahontan cutthroat begin life in the spring and early summer as fertilized eggs in
redds (nest) excavated in the substrate of spawning tributaries. The alevins (an embryonic stage retaining a
portion of the yolk sac for sustenance) generally hatch 4 to 6 weeks later. When the yolk sac is absorbed,
the alevins mature to the fry stage and emerge from the gravels. By fall fry will start migration to the lake
to rear. However, a small proportion of fry will remain in the tributary and migrate to the lake as 1 or 2 year
olds. After year 1, the fry become juveniles. At maturity (3-5 years old), adults reproduce by participating
in the annual migration from the lake into a spawning tributary, but most skip at least one year between
spawning attempts. The exact timing of the above events depends on location and environmental conditions

[13]. The typical lifespan is 5-14 years [36].



Population model

Lahontan cutthroat exhibit a complex life history that cannot be adequately described by age.
Juveniles do not mature at the same age and most adults exhibit skipped spawning [13]. Skipped-spawning,
in particular, is a key life history trait [37-38] that may be a significant driver of Lahontan cutthroat
population dynamics. Thus, following the guidance of Caswell (for species with more complex life
histories) [39] and previous research [40], we formulated Lahontan cutthroat as a stage structured
population model. First, we created a life history model (Fig 2.2, Table 2.1) comprised of five life history
stages and nine parameters. For simplicity, and based on our field collection efforts, we assumed that
individuals mature over three juvenile size stages. The Fry and Juvenile A and B size stages are Fry<100
mm, 100 mm<Juvenile A<199 mm, and 200 mm<Juvenile B<299 mm. The two adult stages, Spawning or
Non-spawning, are defined by size (300 mm<) and whether or not an individual spawned in the given year,
respectively. The nine model parameters comprise one fecundity (fi,5) parameter, which applies only to
spawning adults, and eight stage transition probability parameters. The stage transition probability
parameters (p2.1—Ps,s) are the probabilities that individuals will survive and transition to another stage. The
Fry and Juvenile A stage transition probabilities are simply the survival rates to the next stage (¢r and gsa,
respectively). The spawning transition probabilities (pss—pss) are the product of the Juvenile B or adult
survival rates (pss and ga, respectively) multiplied by the respective stage spawning probability (Ss3-Sss).
Then we constructed a female stage—classified (Lefkovitch) matrix population model (Fig 2.3). One sex
population matrix models assume an equal adult sex ratio because an unequal ratio could bias the
population growth rate estimate. However, because cutthroat trout species typically exhibit an adult female
to male ratio >1 [26,41], we made the common assumption of female dominance, that the female vital rates
dominate the population’s dynamics [39]. Unless otherwise specified, all parameter and data references

pertain to females only.
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Field methods

Fry trap

In 2016 and 2017, we captured migrating young (Fry, Juveniles A and B) with the same temporary
fry trap utilized during the Independence Lake population viability analysis study [26]. The fry trap (see
Appendix 5.2 for further description) can be configured to intercept or allow passage [26], and was
installed approximately 375 m upstream from the creek mouth, and was removed from the creek after the
capture efforts. Based on the timing of the spawning runs, the estimated emergence of fry from their eggs
[13], and prior research on migrating young at Summit Lake [15], we estimated the migrations to occur
from July through November in 2016 and 2017. In 2016, the trap was operated primarily during the
weekdays (Monday-Thursday or Friday) from mid-July to mid-November. During four weeks in September
when there was stagnant water, the fish trap was not operated to eliminate negative influences on the fry. In
2017, the trap was operated with a mix of weekday or longer periods (which included weekdays and
weekends-Friday or Saturday and Sunday) from late August to early November. Captures were processed

for fork length (mm) and then released downstream.

Passive Integrated Transponder (PIT) tag effort

We implemented a mark-recapture method - in which captured Lahontan cutthroat were marked,
returned to the lake, and recaptured - to estimate survival rates [42]. Passive integrated transponder (PIT)
tags - a cylindrically-shaped, glass encased chip that contains a unique number, and implanted into the
body — were used to mark individuals [43]. New captures>100 mm were implanted with a Biomark© 12
mm full duplex PIT tag that contained a unique 15-digit number. New captures >250 mm were tagged in
the pelvic girdle, and 100 mm< new captures <250 mm were tagged in the abdominal cavity between the
pectoral and pelvic fins. We clipped the adipose fin of new captures to subsequently identify recapture and
assess tag loss. CO; gas was used for anesthesia, and captures recuperated in net pens in the lake (alongside
the boat) before release. We recorded the following data from each capture: fork length (mm), mass (kg),

trap depth (ft), sex (male, female, or unknown), new capture or recapture, and PIT tag number.
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Netting effort

We used fyke (trap) nets [44] to minimize capture harm and mortality. Trap nets have many
advantages. They are generally used in shallow water (but can be set to depths up to 15 m) to intercept fish
travelling close to and parallel to the shoreline (lake-dwelling Lahontan cutthroat utilize the littoral zone to
varying degrees during the year [45-47]); exert less stress, harm, mortality, or selectivity than other passive
methods such as gill nets; standardize effort more easily by using the same equipment and length of time
repeatedly; and are designed for stillwater habitats such as lakes (see Appendix 5.3 for further description)
[44].

We executed a robust design mark-recapture effort [48] in the lake to estimate total abundance and
the juvenile and adult survival rates for the population model. The robust design framework simultaneously
estimates these parameters by using primary and secondary sampling periods. The primary periods are
spaced far enough in time to create an open population (birth or deaths) to estimate survival; and the
secondary periods, contained within each primary period, are close enough in time to create a closed
population (no births or deaths) to estimate abundance for each primary period [48].

We recognized that the spawning run would create an open population (high emigration and
mortality) with respect to the lake sampling, so we chose the primary and secondary periods to not overlap
with the spawning run. Our three primary periods were pre-spawn (March—April), post-spawn (June—July),
and fall (October—November), and the secondary periods were consecutive calendar weeks within these
primary periods. The dates and lengths of the respective primary periods changed every year (due to
weather, timing of the spawning run, etc.) but remained consistent overall.

We designed and executed a spatially stratified, semi-random sampling plan to minimize bias.
First, we divided the entire lake into 4 sampling zones (Fig 2.1B). Then depending on staff availability, we
used either 5, 8, or 10 trap nets during each primary period. With five nets, one net was assigned to each
zone and the fifth net was a rover; with 8 nets, two nets were assigned to each zone; and with ten nets, two
nets were assigned to each zone and the ninth and tenth nets were rovers. The rover(s) was rotated daily
among the zones to keep the sampling effort as uniform as possible. Most net sets were approximately 20-

24 hours. Daily, after pulling and processing the captures, the assigned and roving nets were moved to a
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different location within their assigned zone or between the zones, respectively. For each net set, we
recorded the following data: zone number, GPS location, date and time of set and pull, and depth (ft).
Sampling bias may have occurred in two processes. Mesh size (0.5 and 1 in.) allowed small
individuals to pass through, and the large trap nets precluded sampling of shallow, heavily vegetated areas
where juveniles may have been concentrated [49]. Also, the trap nets were set primarily from the shoreline
to 50 m into the lake, capturing fish close to shore and possibly resulting in seasonal or behavioral capture
biases [46-47]. However, we are confident that some of the bias was corrected with a ground truthing step

(described below) we added to model selection.

PIT antenna

A permanent stationary PIT antenna, spanning the entire width and depth of the creek, is located
approximately 750 m upstream from the mouth. The antenna is designed to detect PIT-tagged individuals
traveling up or downstream. The estimates for total spawners, fecundity, and spawning probabilities relied
on the annual lists of PIT-tagged spawners detected by the antenna. We made four assumptions to generate
the lists. First, lake-dwelling Lahontan cutthroat spawn annually, are obligate tributary spawners, and
infrequently enter or reside in tributaries outside of the spawning run [13,31]. Next, every individual that
entered the creek during the run was classified a spawner, although actual spawning could not be
confirmed. Thus, an individual’s initial detection signaled participation, an exit detection signaled survival,
no exit detection signaled death, and zero detections signaled no participation. Last, we assumed that the

detection rate of the antenna was approximately 100% [31].

Fish weir

Located approximately 3.5 km upstream from the creek mouth, the Summit Lake Paiute Tribe has
a permanent weir facility (fish weir) that blocks the entire creek. The fish weir captures the spawning trout
migrating further upstream. Depending on environmental conditions and the duration of the run, the
Summit Lake Paiute Tribe generally operates the weir from March to June with daily checks. The

following data is collected from each capture: sex (male, female, or unknown), mass (kg), fork length
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(mm), and PIT number (if present). After processing, the fish are released upstream to continue their
migration. With the weir (and its predecessor), the Summit Lake Paiute Tribe has monitored the spawning

run since 1978 [23].

Analyses

Fecundity

We defined fecundity, f; s, as the number of female young (Fry, Juvenile A or B) migrating to the
lake per female spawner. To estimate the total number of young (Fry, Juvenile A or B) migrating to the
lake, we added the physical counts to extrapolated counts. When the trap was configured for passage, we
calculated the number of passing young by averaging the physical counts from the last day before and the
first day after the passage period and multiplying by the number of passage days. These extrapolated counts
were summed and then added to the physical counts to get the annual migration totals. Next, because we
did not count every female that entered the creek during the runs, we calculated the number of female
spawners by dividing the number of tagged females detected by the antenna with the proportion of tagged
vs. total female spawners caught at the fish weir. We then multiplied the total young captured by half
(assuming a 1:1 sex ratio for simplicity, because prior lake-dwelling cutthroat trout population modeling
has made the same assumption [40], and because recent research with brown trout suggests an equal ratio

may not be unreasonable [50]) and divided by the total female spawners to derive fecundity.

Spawning numbers and parameters

We estimated the total and female spawners from 2015-2017. Because the fish weir is not located
at the mouth of the creek, the fish weir counts do not represent the total spawners participating in the run.
We estimated total spawners by dividing the number of tagged individuals detected by the antenna by the
ratio of tagged to total individuals captured at the fish weir.

We defined spawning probability (s) as the probability of a pubescent juvenile or an adult

spawning or not in a given year. We estimated the Juvenile B to the spawning stage probabilities (S 3, Ss,3)
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by taking the proportion of Juvenile B individuals that participated in the spawning run each year. For
2015, we used the Juvenile B individuals tagged during the spring lake sampling. For 2016, we used the
Juvenile A (because they will be Juvenile B during the following year’s spawning run) individuals tagged
in the spring and fall 2015 samplings, and the Juvenile B individuals tagged in the pre-spawn 2016
sampling. Similarly for 2017, we used the Juvenile A individuals tagged in the spring and fall 2016
samplings, and the Juvenile B individuals tagged in the pre-spawn 2017 sampling. Because juveniles are
difficult to sex, for simplicity we assumed the same probability for females and males each year [40].

We calculated the adult spawning probabilities (s4,4-S55) from the detection of tagged individuals
through the PIT antenna. This data produced an annual list of individuals that spawned and survived or
didn’t spawn. Spawning survivors from the previous year were compared to the spawners the following
year to determine sss and Ss 4=1-Ss55. Likewise, non-spawners and spawners from the previous and the
following years, respectively, were compared to calculate ss5 and ss,4=1-545. We also included the
detections from female survivors that were tagged at the fish trap during the 2015 and 2016 spawning runs.

To estimate the 2015-2016 spawning probabilities, we first identified the individuals that spawned
or didn’t spawn in 2015 by comparing the list of tags deployed during the spring 2015 lake sampling to the
tags detected during the 2015 spawning run. Then we divided the number of 2015 survivors by the number
of survivors that were detected during the 2016 spawning run to obtain ss s and s45=1-Ss5. Next we divided
the number of 2015 non-spawners by the number of those individuals that were detected during the 2016
spawning run to obtain sas and S44=1-S435.

For 2016-2017, we followed a similar but slightly modified process to account for additional tags
in the system. The pool of potential 2016 spawners comprised the following groups: the 2015 spawning
survivors, 2015 non-spawners, and the tags deployed in the fall 2015 and prior to the spawning run in 2016.
We compared this potential pool to the list of 2016 spawners to identify the spawners and non-spawners for
2016. Then we divided the number of 2016 spawning survivors by the number of those individuals that
were detected during the 2017 spawning run to obtain S45 and sa5=1-Ss5. Next we divided the number of

2016 non-spawners by the number of those individuals that were detected during the 2017 spawning run to
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obtain s45 and ss4=1-S45. Finally, we used the mean of the 2015-2016 and 2016-2017 probabilities for the
model.

We multiplied the respective annual survival rates and spawning probabilities to obtain the
spawning transition rates: ps3= g X S53, P4,3= @8 XS4,3, P5.5= @A X S55, P45= QA X S45, P5.4= @A X S54, and

P4.4= @a X Sa4 (Table 1.1).

Abundance and survival

We used Program Mark [51] to estimate abundance. We selected the robust design Pradel survival
and lambda model [52] with the Huggins’ p and c closed capture data type [53-54] so that we could use
covariate data (sex, fork length, and trap depth) to model the survival and capture/recapture rates [51], and
because it was a simpler model for our data set - we didn’t need to (nor could we) estimate the additional
parameters (e.g., temporary emigration rates) in the standard robust design model. Models were developed
with biologically relevant combinations of covariates (linear, quadratic, and interaction terms) and temporal
and behavioral variation. Then we performed Akaike information criterion (AIC) model selection to
identify the top model [55-56]. The abundance estimates were derived from this model.

Because the Summit Lake system and the lake population are closed, our survival estimates
reflected true survival () rather than apparent survival (survival in presence of immigration and
emigration, which underestimates true survival) [42]. We estimated the juvenile (psa, ¢38) and adult (pa)
survival rates. For Fry, p21, we planned to use the survival rate estimated in the Independence Lake
population viability analysis [23]. We again used Program Mark [51] to identify the top model, following
the same process described above for abundance. Then we created a Bayesian version of the top model to
estimate survival. We used the R package R2jags [57-58] and the JAGS program [59] to construct and run
a Bayesian MCMC (Markov Chain Monte Carlo) model with the following uniform priors for the survival
(pa), capture (pcarture), and recapture (c) parameters, respectively: uniform (0.6, 0.95), uniform (0.01,
0.1), and uniform (0.01, 0.1). We ran the model with 3 chains of 25,000 iterations and a 5,000 iteration
burn-in period, and assessed convergence with the Gelman Rubin diagnostic<1.1 [60]. The model run

provided the posterior mean and standard deviation for adult survival. Then we converted the mean
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estimate into an annual survival rate for the population model. We validated the Bayesian MCMC model
with a data cloning procedure [61]. Data cloning, by replicating the data set an increasing number (k) of
times, uses the Bayesian MCMC framework to provide maximum likelihood estimates (MLE) for model
parameters. If the Bayesian model is consistent with the MLE model (Program Mark top model), then the
posterior mode and MLE estimate should be the same or very close. Large differences between the
estimates could indicate failure of the MCMC chains to actually converge or non-identifiability of some

parameters [61].

Population growth rate and sensitivity analysis

Population growth rates less than, equal to, or greater than 1 indicate that the population is
decreasing, stable, or increasing, respectively. A sensitivity analysis calculates the change in the population
growth rate for a one percent change in a given model parameter, while holding the other parameters
constant. The purpose of these analyses is to identify the population’s trajectory and the parameters that
have the greatest impact on that trajectory [39].

We quantified the uncertainty in these analyses by estimating their probability distributions. First,
we applied the coefficient of variation (CV) from adult survival to each stage survival rate and spawning
probability. Then, from this population model comprised of a normal distribution (and same CV) for each
parameter, we estimated the population growth rate and performed the sensitivity analysis. Using the
popbio package in R [57,62], we generated 10,000 random samples from the standard normal distribution
N(O, 1). Then, in turn, we applied each sample to each parameter distribution in the model to select the
respective parameter value, and ran the population growth rate and sensitivity analyses. This produced a
histogram with a mean and standard deviation for the population growth rate and the sensitivity of each

model parameter.
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23 Results

In 2016 and 2017, the fry trap was operated for 52 and 45 days (mean=49%4), respectively. We
captured 246 and 428 Fry (mean=337+91) and 70 and 160 Juvenile A or B (mean=115+45). The
extrapolated totals were 145 and 408 Fry (mean=277+132) and 54 and 163 Juvenile A or B
(mean=109455). The total young counts were 515 and 1159 (mean=837+322), with a combined total 1674
(Table 2.2).

The mark-recapture effort was conducted from late March 2015 to early November 2017
(approximately 2 years and 3 months) for a total of 8 primary (seasons) and 39 secondary (weeks) periods
(Table 2.3). The number of weeks per primary period ranged from 2 (pre spawn 2016 and 2017) to 12
(spring 2015) (mean=5£3). We deployed 630 net sets, ranging from 31 (pre-spawn 2016) to 121 (fall 2015)
per primary period (mean=79+33) (Table 2.4). The total effort resulted in 1690 captures. Captures per
primary period ranged from 81 (post-spawn 2016) to 448 (spring 2015), with mean=211+108. We tagged
1289 individuals and 328 were recaptured (Table 2.5).

From 2015-2017, respectively, the antenna detected 238, 341, 353 spawning trout
(mean=311+52), of which 107, 200, 233 were female (mean=180+53). At the fish weir, 268, 465, 446
spawning trout were caught, the proportion of tagged vs. total spawning trout was 0.38, 0.40, and 0.44
(mean=0.41+0.02), and the female proportion was 0.48, 0.39, 0.48 (mean=0.45+0.04). Thus, from 2015-
2017 we estimated total spawning trout as 619, 862, 803 (mean 761+103), and total female spawners as
225,513, 471 (mean=403+127) (Tables 2.6 and 2.7). Since 1978 (a few years after the last hatchery
stocking), the fish weir spawning run averaged 1198+583, with a maximum and minimum of 2400 (1999)
and 269 (2015), respectively (Fig 2.4, Table 2.8).

For 2016 and 2017 combined, we calculated the mean fecundity rate=0.85+0.027 (Table 2.9). We
estimated 1674 migrating young, comprised of 1227 Fry and 447 Juvenile A or B individuals (Table 2.2).
Assuming a 1:1 sex ratio, 837 females migrated to the lake. We captured 244 tagged and 312 non-tagged
females at the fish weir, and the antenna detected 433 tagged females (Table 2.7). Thus we estimated 988

total female spawners. The fecundity rate was 0.50 in 2016, the lower of the two years.
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The spawning probabilities for ss 3 and s4.3 were mean=0.49+0.018 and 0.51+0.018, s55 and Sa5
were mean=0.58+0.05 and 0.42+0.05, and Ss 4 and s4,4 were mean=0.18+0.06 and 0.82+0.06, respectively
(Tables 2.10 and 2.11). The spawning transition rates for ps 3 and ps,3 were mean=0.25+0.008 and
0.26+0.008, ps,5 and pas were mean=0.36+0.012 and 0.28+0.009, and ps.4 and pa.4 were mean=0.11+0.004
and 0.53+0.017, respectively (Table 2.9).

We used a subset of the capture histories to estimate abundance and survival. First, because we
captured few juveniles, we could not accurately estimate their abundance or survival and thus removed
juveniles from these analyses. Next, to better meet the closed population assumptions for each primary
period, we removed the last 4 weeks (late April and all of May 2015) of capture data from the first primary
period. Those weeks were the height of the 2015 spawning run, so many spawners were unavailable for
capture in the lake. This data culling resulted in 35 weeks of capture history data, consisting of 1082 adult
(male, female, and unknown sex) and 678 female adult capture histories to estimate adult abundance and
adult survival, respectively. The adult female to male ratio was approximately 2:1, not uncommon at
Summit Lake or with other lake-dwelling Lahontan cutthroat populations [15,26].

We introduced a ground truthing step to the model selection process for the top model for adult
abundance (n=1082 capture histories). When we reviewed the top models, we found that some of their
estimates or upper confidence limit values were lower than the spawning run counts at the fish weir for
2015-2017. Knowing that these estimates could not be correct (because they represented all adults, not just
spawners), we added a ground-truthing step to the model selection process. In this step, we compared the
estimates from candidate model set (Table 2.12) against the known spawning run numbers at the fish weir
and the estimated total spawning run numbers (2015-2017) (Table 2.6), which are based on the fish weir
numbers. Then to minimize subjective bias, we selected as the top model the first model in which total
estimated spawning run was below or contained within the confidence interval of the abundance estimate
for the spring or pre-spawn abundance estimate for the corresponding year. From this ground-truthed top
model we obtained the abundance estimates (Fig 2.5, Table 2.13). The ground-truthed top model had
constant survival, and capture/recapture rates that varied per primary period with two (covariate)

interaction terms. The first interaction term was fork length and trap depth, and the second was sex and trap
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depth. The adult population estimates declined monotonically during the study period, from 2096
individuals in spring 2015 to 661 individuals in Fall 2017 (Fig 2.5,Table 2.13). From 1997-2017, the
spawning run decreased linearly (adjusted r?=0.85, p=1.271e-08) from 1925 to 438 (77%). The lowest
spawning run since 1978 was 269 individuals in 2015 [23].

For adult survival (n=678), the top model had constant survival and capture/recapture rates, and no
covariates (Table 2.14). The Bayesian version of the top model estimated adult survival with a posterior
mean of 0.51+0.016 (Table 2.15). The CV was 0.032. The Gelman Rubin diagnostic was 1.01<1.1,
signifying that the 3 chains converged. The data cloning diagnostic indicated that the survival estimate
from the Bayesian model was approaching the MLE estimate [46] (Table 2.16). Because we could not
estimate juvenile survival from our data, we used juvenile survival from the Independence Lake population
viability analysis [26] (Table 2.17).

We applied the CV of adult survival (0.032) to all of the model parameters to generate their
probability distributions (Table 2.9). The population growth rate was mean=0.52+0.03 (Fig 2.6). The top
three sensitivity parameters were ps4 (0.70£0.0007), ps.4 (0.66+0.003), pss (0.31+0.00009 ), respectively

(Table 2.18).

2.4 Discussion

The Summit Lake population (using the spawning run as a surrogate for abundance) has exhibited
a long term boom/bust cycle [63] with high interannual variability (Figure 2.4). Predator-prey dynamics
can cause long term boom/bust cycles or high interannual variability [63] but is not a driver at Summit
Lake. The invasive minnows are not a large proportion of the population’s diet, and there is enough food in
the lake for the Lahontan cutthroat and minnow populations (Chandra,unpublished data). Without other
major influences from 1978-2017, the cycle was driven by tribal harvest, drought, and density dependence.
From 1978-1991, the population declined amid high tribal harvest (mean~18%+10%, min~5%, max~33%
[33]) of the spawning run and drought (1987-1991) [15]. Harvest decreases population abundance primarily
via direct mortality but can also cause adverse demographics shifts [64-65]. Drought increases direct

mortality via decreased habitat and increased water temperature (with less oxygen) and is strongly
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correlated (via lower streamflows) with reduced returning females, egg densities, and recruitment [66-69].
From 1992-1999, the population increased approximately five fold when tribal harvest was substantially
reduced (since 1992 mean~2%=+2%, min~0%, max~8% [33]) and nondrought conditions returned in 1995.
That the population increased despite three more years of drought indicates that high tribal harvest was a
negative influence and that density dependence replaced tribal harvest as a driver of the cycle henceforth.
The overall population decline from 2000-2017 was initiated by an overshoot of the apparent carrying
capacity that was then compounded by two droughts from 2007-2009 and 2012-2016 [30,63-64]. When
carrying capacity is exceeded, competition (e.g., density dependent processes) reduces trout abundance by
lowering population fitness [63,65]. The high interannual variability was driven by high interannual
precipitation (e.g., density independent processes). High variability in abundance and precipitation, via the
strong correlation between streamflow and recruitment, has been observed with the lake-dwelling Lahontan
cutthroat population at Independence Lake as well as other cutthroat and non-cutthroat trout populations
[26,69].

Our declining adult abundance and population growth rate estimates corroborate the declining
spawning run trend and that the recent drought was likely the primary stressor reducing the population. Our
result is significant because it was the lowest rate in our literature review (0.68 — 1.35,Table 2.19) and
drought has yet to be implicated as a primary driver for lake-dwelling trout population dynamics (Table
2.19). Declining growth rates were estimated for the lake-dwelling Lahontan and Yellowstone cutthroat
(Oncorhynchus clarkii bouvieri) populations at Independence Lake (California) and Yellowstone Lake
(Wyoming), respectively. However, their confidence intervals overlapped 1, and invasive salmonids were
implicated as the cause for the declining rates [26,40]. Angling harvest, invasive species, and a hatchery
strain have been proffered as causing negative population growth rates for other North American lake-
dwelling trout populations [65,70-74]. Drought (along with invasive salmonids and agricultural dewatering)
has been implicated in the declines of river- or stream-dwelling cutthroat trout populations [75-78].

Given the boom/bust cycle, the recent decline in the spawning run, and the legacy effects of
drought [66,68], what is the long term prognosis for the Summit Lake population? A boom/bust pattern

does not necessarily signal a population at risk of extirpation [63], and trout populations have exhibited
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comebacks from precipitous declines and drought [69]. The reduced density dependent pressures [65] of
the current bust period and continued non-drought conditions and low tribal harvest should initiate a
population rebound. The corresponding increase of 2016 and 2017 spawning runs with increased
precipitation may be evidence for a comeback (Table 2.6). However, the 2016-2017 spawning runs could
have been simply the reaction to increased precipitation while the adult population continues to decline. In
addition, the prognosis seems uncertain for cutthroat populations across western US because of the:
approximately equal proportion of increasing or decreasing population growth rates in surveyed
populations (Table 2.19), unknown impacts of climate change [6], substantial presence and interaction with
invasive species, and unknown effects of future land and water use [79].

At Summit Lake, the declining adult population and population growth rate likely involved the
interplay of low fecundity and low transition rates to the Spawning stage. Fecundity was essentially zero.
The estimate was low compared to the Independence Lake population (~87 [26]), approximately one half
the fecundity at Summit Lake in 1994 (~1.5, also a drought period [15]), and approximately four times
lower than the lowest estimate reported for other lake-dwelling cutthroat populations (Table 2.20). If the
Summit Lake population was characterized by low fecundity in recent years, the adult population would
have had little to zero recruitment. Given that fecundity is strongly correlated with streamflow
(precipitation) [69], it is plausible that the drought consistently suppressed fecundity in recent years.
Drought induced mechanisms (e.g., less spawning habitat, poor quality eggs, decreased egg hatch rates,
reduced larval or fry survival, and high temperature thermal barriers impeding fry migration [7,80]) could
have produced the low numbers of migrating young. Also, because we cannot confirm the previous years’
fecundity, other factors may have been involved. Another possibility is that even with the strong correlation
to streamflow (precipitation), cutthroat trout populations may still exhibit high interannual variability in
fecundity. For example, the annual number of migrant young ranged from 0 to 27,046 (9980+£8659) for the
Independence Lake population, with some years of more streamflow producing less migrating young, and
vice versa [26]. Bonneville, Yellowstone, Colorado (Oncorhynchus clarki pleuriticus), and hybrid

(Colorado and Yellowstone) cutthroat trout have also exhibited high interannual variability in fecundity
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[81-82]. High interannual variability of fecundity suggests that pulse recruitment may also be an important
driver for lake-dwelling Lahontan cutthroat trout populations [83-86].

The population growth rate at Summit Lake was most sensitive to the Nonspawning and Spawning
transition rates. Our results are significant because they have been predicted but not observed. Stapp and
Hayward [40] predicted that the adult stages would be the most sensitive because lake-dwelling
Yellowstone cutthroat are relatively long-lived (similar to other long-lived species). However, the
researchers were surprised to find that the population growth rate was most sensitive to juvenile survival.
This finding has been repeated or implicated in most of the trout (including cutthroat trout) population
dynamics studies we reviewed (Table 2.19), with two possible exceptions. For a group of stream-dwelling
Westslope cutthroat populations, adult survival was identified as a sensitive parameter but juvenile
parameters were still more sensitive, adult survival was held constant across the populations, and the
sensitivity of adult survival varied between the populations [77]. Finally, though a matrix model was not
used to estimate the population growth rate and a sensitivity analysis was not performed, low adult survival
(via high spawning mortality and poor overwintering habitat) was hypothesized to have the greatest impact
on a river population of bull trout [74].

The Nonspawning and Spawning transition rates are the product of adult survival and the
respective nonspawning or spawning probabilities. Borrowing from the concept of remnant populations (for
plants) [87], natural selection may favor adult survival over fecundity or juvenile survival for species or
populations in harsh or highly variable habitats with limited resources (e.g.; deserts). In these
environments, natural selection may favor the ability for adults to survive long enough to produce offspring
upon the return of favorable conditions.

Female adult survival at Summit Lake was approximately mid-range to the adult survival from
three other Lahontan cutthroat studies, but it still may be considered low (Table 2.21). The Walker Lake,
Nevada (also a desert terminal lake) study estimated adult survival at 0.44 in 1999 (highest rate of the study
period) [88]. True survival was estimated, but hatchery Lahontan cutthroat, which can exhibit lower fitness
than wild conspecifics [89-90], were used for the experiments; and at approximately 11 g/L, the TDS level

in 1999 was already beyond the level to significantly reduce survival [91-92]. The Truckee River (Nevada)
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study had the lowest rate (0.36) [93], but three factors may have biased that estimate downward. Apparent
survival (which is always lower than true survival) was estimated [42], hatchery Lahontan cutthroat were
used [89-90], and the size of the fish used indicated that they were either large juveniles or first year adults,
which could have still been subject to high competition and predation pressure by the more abundant wild
populations of brown and rainbow trout in the Truckee River [13]. Independence Lake had the highest rate.
Though the Independence Lake population shares the lake with invasive salmonids, the population is wild
and had favorable climate conditions [94] during their population viability analysis [25]. Thus, rather than
cast doubt, the lower estimates in these studies may support that the Summit Lake estimate in our study was
low and the result of an extreme factor such as drought.

Summit Lake adult survival may have decreased via drought mechanisms in Mahogany Creek and
the lake. Lower streamflows reduced habitat, which increased the stress of spawning activities (redd and
mate search, competition or defense) [7] and decreased predation refugia [95]. Summit Lake Paiute Tribe
biologists observed a high proportion of postspawners in poor condition and terrestrial and avian predation
[96-97]. In addition, increased water temperatures (less oxygen) [98] probably increased the stress of
spawning activities and the mortality of postspawners [7]. Indirect mechanisms included stressors that may
have reduced survival over time (e.g., via lowered immunity [7]). In the creek, increased spawning stress
probably reduced energy for future survival; and in the lake, the lake level drop (~27%,[23]) and resulting
evapoconcentration (increased solute concentration [99]) likely reduced the population’s optimal habitat
between the warmer surface layer and anoxic bottom layer [28], and increased the chemical stress.
Evapoconcentration has negatively affected lake-dwelling Lahontan cutthroat and other fish in Walker
Lake (another desert terminal lake in the region) [91-92]. Spawning mortality was 74%, 48%, 47% (Table
2.22) from 2015-2017 (with increasing precipitation) and 89% and 65% in 1993 and 1994 (the last two
years of an eight year drought [15]), respectively. These spawning mortality estimates are generally higher
than the estimates for lake-dwelling Yellowstone cutthroat at Yellowstone Lake (48%, 31%, and 13%)
[40].

Skipped spawning is hypothesized to be a life history adaptation to balance the lifetime trade-off

between survival and reproduction. Females maximize fitness by maximizing lifetime egg production or
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progeny. However, when energetically costly spawning activities (e.g. migration) threaten post spawn
survival (jeopardizing future spawning attempts), surviving to subsequent years may be selected over near
term spawning. The energy that would have been devoted to spawning can be redirected to growth, with
larger individuals typically producing more (and higher quality) eggs. Through survival and growth,
individuals may maximize fitness via skipped spawning [37]. Thus, skipped spawning may be a
particularly advantageous strategy for species and populations in highly variable and extreme
environments. As a relatively long-lived species that exhibits skipped spawning, lake-dwelling Lahontan
cutthroat of Summit Lake may exhibit this life history strategy.

Estimating the probability of spawning the year after not spawning (and thus remaining a
nonspawning adult) was a unique feature of this study. For example, Stapp and Hayward [40] assumed that
a skipped spawning event would always be followed by a spawning attempt. In the literature, we did not
find similar estimates for any trout populations. Thus for comparison we calculated the same probability for
the lake-dwelling Lahontan cutthroat at Independence Lake, using their individual spawning histories [26].
The stark difference in probabilities (86% at Independence Lake) highlights that the comparatively low
probability at Summit Lake may have had significant negative impact on population growth, and was likely
the reason why the nonspawning transitions were the most sensitive parameters. Given the rationale for
skipped spawning behavior, it is plausible that a greater proportion of adults will move to the nonspawning
stage and stay there during drought.

The repeat Spawning transition was the third most sensitive parameter at Summit Lake. The
probability of repeat spawning at Summit Lake seems toward the high end for trout (including cutthroat
trout) populations. Repeat spawning probabilities for Yellowstone and Lahontan cutthroat at Yellowstone
and Independence Lakes were 34% and 64%, respectively [26,40], and 88%, <50%, 42% for lake trout
populations [38,71]. The Yellowstone cutthroat estimate was derived by analyzing scales [40]; the
Independence Lake estimate was calculated from their individual spawning run histories [26]; the lake trout
studies performed sampling in one year only and determined the proportion of spawners from the state of
the reproductive organs [38,71]. Thus with different methods, and some that didn’t track individuals over

time, the estimates may be difficult to compare. The closest comparison is with the Lahontan cutthroat at
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Independence Lake [26]. The probabilities were similar, but considering again that small changes in vital
rates can have large impacts on population growth [100], the lower rate at Summit Lake may have been
significant.

Intertwined drought mechanisms in the creek and lake likely increased skipped spawning by
reducing reproductive energy. The stressors mentioned above (for adult survival) could have also negative
impacted reproduction [7,99,101]. Next, because lake-dwelling Lahontan cutthroat obtain a large
percentage of nutrition from the littoral zone [46-47,49,102], the reduced littoral zone may have reduced
the nutritional intake for adults and juveniles. Fewer juveniles may have entered or completed puberty
(retarded gonad development), which may also be argued as skipped spawning [46,103-108]. Last, low
streamflows triggered less participation in the spawning runs [109]. In 2016-2017, the increase in the repeat
spawning and nonspawning to spawning probabilities, and the larger spawning runs, support these
mechanisms.

The above average precipitation during the Independence Lake population viability analysis [26,
94] may have resulted in comparatively high juvenile survival rates that biased our sensitivity analysis to
the adult stages. Given that the Summit Lake fecundity and transition rates to the spawning stage were
lower than at Independence Lake, Summit Lake fry and juvenile survival could have been lower as well.
Fry and juvenile survival can be decreased by drought in many ways [7]. Cannibalism may have increased
on juveniles forced out of the littoral zone [109]. However, the Independence Lake population estimates are
approximately mid-range compared to other trout (including cutthroat trout) populations (Table 2.23) and
thus may not have biased our results in either direction. In addition, the results of the sensitivity analysis
did not change when we halved the Fry and Juvenile A and B survival rates. Thus, it is unlikely that fry and
juvenile survival could have been the most sensitive parameters during this study.

Based on our results, lake-dwelling Lahontan cutthroat at Summit Lake may have life history
adaptation(s) (high sensitivity of adult survival and skipped spawning) for desert habitat. Lahontan
cutthroat are tolerant of relatively warm, alkaline water [11,13,17-18], and the Summit Lake population is
genetically distinct (likely due to its isolation) from other Lahontan cutthroat populations [19-20]. In

addition, considering recent research that demonstrates the life history adaptations of salmonids in different
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habitats [111], and variation of population dynamics (within and between populations) in a variable
environment [112], it is plausible that the Summit Lake population has specific life history traits for the
desert environment. However, additional hypotheses may explain our results. The potential life history
adaptation(s) may apply to all lake-dwelling cutthroat trout in desert systems, or to all lake-dwelling
cutthroat trout populations— montane or desert, or more broadly (based on Stapp and Hayward’s [40]
prediction) to most or all native lake-dwelling trout populations. In the studies for which juvenile survival
had the highest sensitivity, invasive predation and an inferior hatchery strain were hypothesized to be
causes for the low fry and juvenile survival. Therefore, without invasive predation or other negative
influences, high adult sensitivities may be the norm for self-sustaining lake-dwelling trout populations.
Last, the high adult sensitivities may simply be a plastic response by lake-dwelling cutthroat trout
populations to handle drought.

Most cutthroat trout population dynamics research has been conducted in the rivers, streams, and
lakes of the Rocky and Sierra Nevada Mountains. This study has highlighted the importance of
understanding cutthroat trout population dynamics in desert terminal lakes. Climate change has already
increased hybridization and invasion between cutthroat trout and invasive trout [113-114] and will likely
threaten cutthroat trout persistence by increasing stochastic (genetic, demographic, environmental)
vulnerability via a host of factors [115]. Because they live at the habitat extremes for high air and water
temperatures and low precipitation, desert cutthroat trout populations may be the first at risk and the most
impacted by climate change. Lake-dwelling cutthroat trout populations especially may serve as sentinels to
the impacts of climate change on other cutthroat trout ecosystems and populations, just as lakes have been
shown to be sentinels of climate change in general [116]. The relatively pristine state of the population and
watershed makes Summit Lake ideal for continued research and comparison to other cutthroat trout and

trout populations and systems (Table 2.19).
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Limitations of Study and Opportunities for Research

This study quantified population dynamics over a short period of time which encompassed a
period of prolonged drought, so future research should focus on extending the study to determine the long
term population trend and prognosis under variable biotic (including density dependence [65]) and abiotic
conditions (preferably with a good mix of above, below and average precipitation years), and to improve
parameter estimates. New sampling methods can be employed to capture more juveniles (e.g. boat
electroshocking or smaller nets in the shallow zones) and sample areas further from shore (e.g. longer or
larger trap nets). And a more accurate survival estimation model (such Barker models) could be used. Next,
stable, declining, or increasing trends may warrant different management strategies, especially within the
context of climate change [6,8]. Little research exists at this level for lake-dwelling cutthroat trout. Last,
given the amount of data, we started with a relatively simple stage-classified model. A more complex
population model, such as a two-sex (to address unequal sex ratios) integrated population model (IPM),
should be considered. IPMs are a relatively new and popular class of population models because they can
utilize data from multiple sources (e.g., the antenna and fish trap data) and reduce parameter uncertainty to

provide more accurate estimates [117].
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26 Tables and figures

Table 2.1. Parameter definitions for the lake-dwelling Lahontan cutthroat stage-classified life history
and population matrix models (Figs 2.2 and 2.3, respectively).

Parameter Support Derivation Description
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Table 2.2. Summary of the captured and extrapolated (E.) Fry and juvenile (Juv = Juvenile A or B)
counts from the fry trap in 2016 and 2017, Summit Lake, Nevada, USA.

Year Start and End Dates # Days Fry Juv E. Fry E. Juv Total
2016 | July 14 — November 14 52 246 70 145 54 515
2017 | August 24 — November 7 45 428 160 408 163 1159
Mean | - 49 337 115 277 109 837
SE - - 129 64 186 77 455

Table 2.3. The start and end dates for the 8 primary lake sampling periods from spring 2015 to fall
2017, Summit Lake, Nevada, USA.

Primary Period Year Season Start and End Dates

1 2015 Spring March 4 — May 20

2 2015 Fall October 5 — November 8
3 2016 Pre-spawn April 5 — April 14

4 2016 Post-spawn May 31 — June 22

5 2016 Fall October 17 — November 6
6 2017 Pre-spawn March 29 — April 5

7 2017 Post-spawn June 12 — July 2

8 2017 Fall October 11 — November 8
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Table 2.4. Summary of the fyke (trap) net sets during the lake mark-recapture effort for lake-
dwelling Lahontan cutthroat at Summit Lake, Nevada, USA, 2015-2017. Z1=sampling zone 1, and so
forth (Fig 2.1B).

Year Period Z1 Z2 Z3 Z4 Total
Spring 37 18 5 11 71
2015 Fall 28 33 24 36 121
Pre-spawn 10 5 9 7 31
2016 Post-spawn 20 26 19 25 90
Fall 14 15 18 16 63
Pre-spawn 9 8 8 7 32
2017 Post-spawn 25 24 28 29 106
Fall 29 29 29 29 116
Total - 172 158 140 160 630
Mean - 22 20 18 20 79
SD - 9 9 9 10 33

Table 2.5. Summary of lake dwelling Lahontan cutthroat captured during the lake mark-recapture

effort at Summit Lake, Nevada, USA, 2015-2017.

Year Period New captures  Recaptures Individual Total captures
recaptures
Spring 333 115 87 448
2015 Fall 237 42 37 279
Pre-spawn 171 68 37 239
2016 Post-spawn 48 33 30 81
Fall 119 33 33 152
Pre-spawn 153 52 52 205
2017 Post-spawn 87 30 25 117
Fall 141 28 27 169
Total - 1289 401 328 1690
Mean - 161 50 41 211
SD - 84 28 19 108

The New captures category is the number of new (without a Passive Integrated Transponder - PIT - tag)
individuals captured. The Recaptures category is the number of captures of PIT tagged individuals,
including each capture of individuals recaptured more than once. The Individual recaptures category is the
number of tagged individuals recaptured, not including the additional recaptures of individuals recaptured

more than once.

Table 2.6. Estimated annual number of spawning lake-dwelling Lahontan cutthroat trout at Summit
Lake, Nevada, USA, 2015-2017.

Fish Weir Fish Weir Fish Weir Tag  PIT Antenna Estimated
Year . Total

Tags Captures Proportion Tags

Spawners

2015 103 268 0.38 238 619
2016 184 465 0.40 341 862
2017 196 446 0.44 353 803
Mean 161 393 0.41 311 761
SE 51 109 0.03 63 127

Estimates derived by dividing the number of tagged individuals detected at the PIT (Passive Integrated
Transponder) antenna located near the mouth of Mahogany Creek by the proportion of tagged vs. non-
tagged individuals captured at the Mahogany Creek fish weir.
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Table 2.7. Estimated annual number of spawning female lake-dwelling Lahontan cutthroat trout at

Summit Lake, Nevada, USA, 2015-2017.

. . Fish Weir PIT .
Year Fish Weir Tags Fish Weir Tag antenna Estimated Total
Captures . Female Spawners
Proportion Tags
2015 67 141 0.48 107 225
2016 103 263 0.39 200 513
2017 141 293 0.48 233 471
Mean 104 232 0.45 180 403
SE 37 81 0.05 65 156

Estimates derived by dividing the number of tagged females detected at the PIT (Passive Integrated
Transponder) antenna located near the mouth of Mahogany Creek by the proportion of tagged vs. non-
tagged females captured at the Mahogany Creek fish weir.
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Table 2.8. Number of Lahontan cutthroat spawners at Independence and Summit Lakes from 1978—
2017 [23, 26, 124, email communication Nature Conservancy Independence Lake Preserve].

Year Independence Lake Summit Lake
1978 * 1763
1979 * 2380
1980 * 2122
1981 * 1176
1982 * 756
1983 * 621
1984 * 639
1985 * 638
1986 * 996
1987 * 855
1988 * 936
1989 * 859
1990 * 718
1991 * 472
1992 * 1290
1993 * 1255
1994 * 1648
1995 * 949
1996 * 1443
1997 * 1925
1998 69 1956
1999 66 2400
2000 129 2017
2001 115 1947
2002 69 1379
2003 30 1722
2004 54 1843
2005 98 *
2006 43 *
2007 134 950
2008 164 1030
2009 176 1160
2010 238 1150
2011 * 1008
2012 181 1107
2013 178 876
2014 110 357
2015 165 269
2016 162 463
2017 * 438
MEAN 121 1198
SE 58 583

*Data not collected or available.
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Table 2.9. Summary of parameter estimates for the stage-classified (Lefkovitch) population models of
lake-dwelling Lahontan cutthroat captured at Independence and Summit Lakes, California and
Nevada, USA, 1997-2005 and 2015-2017, respectively [26].

Parameter Description

Independence Lake

Summit Lake

fis Fecundity

P21 Fry survival

P3.2 Juvenile A survival

Pa3 Juvenile B to adult NSP* transition
Pa.4 Adult NSP to NSP transition

Pas Adult SP* to NSP transition

Ps.3 Juvenile B to adult SP transition
P54 Adult NSP to SP transition

P55 Adult SP to SP transition

87+2.78

0.03+0.001
0.25+0.008
0.15+0.005
0.10+0.003
0.24+0.008
0.35+0.011
0.58+0.019
0.44+0.014

0.85+0.027
0.03+0.001
0.25+0.008
0.26+0.008
0.53+0.017
0.28+0.009
0.25+0.008
0.11+0.004
0.36+0.012

*NSP=Non-spawning stage, SP=Spawning stage.

Table 2.10. Juvenile B (Fig 2.2) probability rates of becoming a Spawning (ss3) or Non-spawning (ss.3)
adult (>300 mm) for lake-dwelling Lahontan cutthroat trout at Summit Lake, Nevada, USA, 2015-

2017.
Year S5,3 S4,3
2015 (n=23) 0.48 0.52
2016 (n=12) 0.67 0.33
2017 (n=34) 0.32 0.68
Mean 0.49 0.51
SE 0.18 0.18

Table 2.11. Adult (=300 mm) spawner to spawner (Ss5) and honspawner to spawner (ss4) probability
estimates for lake-dwelling Lahontan cutthroat trout at Independence and Summit Lakes, California
and Nevada, USA, 1997-2005 and 2015-2017, respectively [26].

Lake Transition period S5,5 S5.4
Independence 1997 - 2005 0.64 (n=122) 0.86 (n=51)
2015 - 2016 0.54 (n=46) 0.13 (n=48)
Summit 2016 - 2017 0.61 (n=175) 0.22 (n=130)
Mean 0.58 0.18
SE 0.05 0.06
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Table 2.12. Model selection results for survival (), population growth (1), capture (pcarTure), and
recapture (c) rates of adult (male, female, and unknown sex, >300 mm) lake-dwelling Lahontan
cutthroat captured during the lake mark-recapture effort (n=1082) at Summit Lake, Nevada, USA,
2015-2017.

Delta AlIC Model .
a Cc
Model AlCc AlCC weight likelihood K¢ Deviance
gﬁl&)tdngft d) 9985.4859  0.0000  0.90245 1.0000 22 9940.7324

@-2(.), pcapture-C(t,sex+fl+td+td?) | 9990.2263  4.7404 0.08435 0.0935 22 9945.4728
9-A(.), Pcapture-c(t,fl+td+td?) 9994.1185  8.6326 0.01205 0.0134 21 9951.4310

©-A(.), pcapture-c(t,fl+td+sex*td) | 9999.4639  13.9780  0.00083 0.0009 21 9956.7764

9-A(.), PeapTure-C(t, fl+sex*td) 10002.0477 16.5618  0.00023 0.0003 20 9961.4232
9-A(.), PeapTure-C(t,sex-+fl) 10004.2779 18.7920  0.00007  0.0001 20 9963.6534
9-A(.), pearture-C(L.fl) 10007.0467 21.5608  0.00002  0.0000 19 9968.4821

@-A(.), Pcapture-C(t,td+

o2+ sexc*td) 10012.1262 26.6403  0.00000 0.0000 21 9969.4387

@-2(.), pcapture-C(t,fl*td+sex*td) -

Ground-truthed model 10023.7652 38.2793  0.00000 0.0000 20 9983.1407

@-A(.), Pcapture-C(t,td+fl*td) 10024.4784 38.9925  0.00000 0.0000 20 9983.8539
@-2(.), PcapTUrRe-C(t,Sex+sex*fl) 10026.9505 41.4646  0.00000 0.00000 20 9986.3260
@-2(.), Pcarture-C(t,sex+fl*td) 10029.3043 43.8184  0.00000 0.00000 20 9988.6798

@,/ PcapTURE,C-(.) 10468.6464 483.1605 0.00000 0.0000 4  10460.617

2 AIC (Akaike Information Criterion) for small sample size.

® Difference between model AIC. and model with the lowest AIC..

¢ No. of model parameters.

d (.)=rate constant across sampling periods.

¢ t=parameter varies across primary sampling periods.

f This model considered the top because it most closely resembles the estimated spawning runs, 2015-2017
(Table 2.6).

AIC (Akaike Information Criterion) model selection was performed. Sex, fork length (fl), and trap depth
(td) covariates were included with linear, quadratic, and interaction terms.



Table 2.13. Abundance (N), and survival (p), population growth (1), capture (pcarture), and
recapture (c) rate estimates for the ground-truthed AIC (Akaike Information Criterion) model
(Table 2.12) of adult (male, female, and unknown sex, >300 mm) lake-dwelling Lahontan cutthroat
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captured during the lake mark-recapture effort (n=1082) at Summit Lake, Nevada, USA, 2015-2017.

Parameter Estimate Standard Error Lower gs%UC[:):Jer
N: 2096 426 1428 3134
N, 1519 268 1090 2161
N3 1326 194 1006 1778
N, 1246 267 826 1896
Ns 999 168 726 1394
N 890 144 658 1233
N 774 147 541 1131
Ng 661 132 460 990

o () 0.75 0.021 0.708 0.789
2() 0.91 0.020 0.862 0.941
PcAPTUREL 0.015 0.003 0.01 0.022
PcAPTURE2 0.026 0.004 0.019 0.036
PcAPTURES 0.088 0.012 0.067 0.114
PcAPTURE4 0.013 0.002 0.009 0.018
PcAPTURES 0.032 0.005 0.024 0.042
PcAPTURES 0.12 0.017 0.088 0.156
PcAPTURE? 0.038 0.007 0.027 0.053
PcaPTURES 0.055 0.012 0.036 0.083
C1 0.055 0.009 0.04 0.076
C2 0.029 0.006 0.019 0.043
C3 0.060 0.024 0.027 0.127
C4 0.067 0.023 0.033 0.128
Cs 0.009 0.007 0.002 0.037
Co 0.05 0.024 0.019 0.126
C7 0.023 0.012 0.009 0.061
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Cs 0.009 0.005 0.003 0.026

The numbers in the parameter names (ex. N1) indicate the eight primary sampling periods in chronological
order, and (.) indicates the parameter is constant across the primary sampling periods. Cl=profile likelihood
confidence interval.

Table 2.14. Model selection results for survival (pa), population growth (2), capture (pcapture), and
recapture (c) rates of adult (=300 mm) female lake-dwelling Lahontan cutthroat captured during the
lake mark-recapture effort (n=678) at Summit Lake, Nevada, USA, 2015-2017.

AIC Model

a b c i
Model AIC; A AlIC. weight likelihood K¢  Deviance
- d -
E"t(ﬂtgzj Peapture - © 6525.1697  0.0000 0.97660 1.0000 6  6513.0704
oA, A, Peapture, C- ()Y | 6532.6321  7.4624 0.02340 0.0240 4 65245849

@ AIC (Akaike Information Criterion) for small sample size.

b Difference between model AIC. and model with the lowest AIC..

¢ No. of model parameters.

d (.)=rate constant across sampling periods.

AIC (Akaike Information Criterion) model selection was performed, and listed above is the only model for
which all of the parameters estimated correctly. Sex, fork length (fl), and trap depth (td) covariates were
included with linear, quadratic, and interaction terms.

Table 2.15. Bayesian posterior distribution parameter estimates of top AIC model (Table 2.14) for
adult (>300 mm) female lake-dwelling Lahontan cutthroat trout captured during the lake mark-
recapture effort (n=678) at Summit Lake, Nevada, USA, 2015-2017.

Parameter Mean Staf‘d‘?“d Quantiles

deviation 2.5% 25% 50% 75% 97.5%
N, - - - - - - -
N> 646 83 503 587 642 698 825
N3 1772 246 1345 1596 1758 1924 2301
N4 332 44 255 300 329 359 427
Ns 553 74 425 501 549 599 712
Ns 1545 215 1173 1392 1533 1679 2007
N7 616 82 473 557 611 667 792
Ng 637 83 492 578 632 689 817
o () 0.80 0.025 0.749 0.781 0.799 0.816 0.846
Pcarture (1) 0.039 0.006 0.029 0.035 0.039 0.043 0.051
c() 0.026 0.004 0.019 0.024 0.026 0.029 0.035

The numbers in the parameter names (ex. N1) indicate the eight primary sampling periods in chronological
order, and (.) indicates the parameter is constant across the primary sampling periods. N is not reported.
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Table 2.16. Data cloning results.

Kk QA Model

1 0.52 Bayes: ¢a (.), pcarture and c (t), FL, n=504
2 0.55 Bayes: ¢a (.), pcapture and c (t), FL, n=1008
3 0.57 Bayes: pa (), PcAPTURE and ¢ (t), FL, n=1512
4 0.59 Bayes: pa (), PcAPTURE and ¢ (t), FL, n=2016
5 0.60 Bayes: pa (), PcAPTURE and ¢ (t), FL, n=2520
NA 0.74 MLE: ®A, PCAPTURE and ¢ (), n=504

k is the number of replicate data sets. The model(s) components are female survival (¢a), capture
(pcapture), and recapture (c) rates, and fork length (FL). The data did not include the final two primary
sampling periods (post-spawn and fall 2017). (.)=rate constant across primary periods; (t)=rate changes
across primary periods; MLE=best model in Program Mark that estimated female survival (Table 2.14);
Bayes=Bayesian model similar to MLE.

Table 2.17. Parameters estimates for the stage-classified population matrix model of Independence
Lake, California, USA [26].

Parameter Support Description
From Table 1*: Average fry per female: 174
fis {0,1,2...} Assume a sex ratio 1:1
Then average number recruited female fry (F) are 0.5 * 174 = 87
P21 {0 <p21<1} From Table 4*: Average survivorship (¢r) of ages 0 and 1 is 0.027
P32 {0<p32<1} From Table 4*: Average survivorship (psa) of ages 1 and 2 is 0.25.
From Table 4*: Assume the survival is from age class 2 to age class 3
(Juvenile B to Spawning adult) = 0.5. From Appendix A Table 2 the
f0< <1} proportion of instances of spawners and non spawners transitioning to
Pa3 Pa3 non-spawning activity is 44/122 and 7/51. Therefore, we tentatively
estimate the transition probability as 51/173 = 0.3. The transition
probability is therefore estimated as 0.5 * 0.3 = 0.15
From Table 4*: Assume no survival difference between
Spawning and Non-spawning adults g = 0.6824. From
Das £0<pae<i} Appendix A Table 2 the proportion of instances of Non-

spawning adults remaining as non spawners is 0.014.
Therefore this transition probability is estimated as 0.68 *
0.14=0.1



Pas

P53

Ps4

Ps5

{0<pss<1}

{0<pss<1}

{0<psa<1}

{0 <pss<1}
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From Table 4*: Assume the adult survival 0.68. From
Appendix A Table 2 the proportion of instances of spawners
transitioning to Non-spawning activity is 44/122 (0.36). The
transition probability is therefore estimated as 0.68 * 0.36 =
0.25

From Table 4*: Assume the survival is from age class 2 to
age class 3 (Juvenile B to Spawning adult) = 0.5. From
Appendix A Table 2 the proportion of instances of spawners
and non spawners transitioning to Spawning activity is
78/122 and 44/51. Therefore, we tentatively estimate the
transition probability as 122/173 = 0.71. The transition
probability is therefore estimated as 0.5 * 0.71 = 0.35

From Table 4*: Assume the adult survival 0.68. From
Appendix A Table 2 the proportion of instances of non
spawners transitioning to Spawning activity is 44/51 (0.86).
The transition probability is therefore estimated as 0.68 *
0.86 = 0.59

From Table 4*: Assume no survival difference between
Spawning and Non-spawning adults S=0.68. From
Appendix A Table 2 the proportion of instances of
Spawning adults remaining as spawners is 0.64. Therefore
this transition probability is estimated as 0.68 * 0.64=0.44

*Table references are from the Appendix section of the 2006 Independence Lake population viability
analysis report [26].

Table 2.18. Results of the sensitivity analyses of the stage—classified (Lefkovitch) population models
of lake-dwelling Lahontan cutthroat captured at Independence and Summit Lakes, California and
Nevada, USA, 1997-2005 and 2015-2017, respectively [26]. Values are percentages.

Parameter  Description Independence Lake Summit Lake
fis Fecundity 0.002+0.000008 0.007+0.0004
P21 Fry survival 5.14+0.03 0.23+0.01
P32 Juvenile A survival 0.56+0.003 0.025+0.001
Pa,3 Juvenile B to adult NSP transition  0.21+0.004 0.012+0.001
Paa Adult NSP to NSP transition 0.12+0.003 0.66+0.003
Pas Adult SP to NSP transition 0.30+0.01 0.29+0.002
Ps.3 Juvenile B to adult SP transition 0.31+0.011 0.013+0.001
Ps,4 Adult NSP to SP transition 0.18+0.002 0.70+0.0007
Ps,5 Adult SP to SP transition 0.43+0.007 0.31+0.00009

*NSP=Non-spawning stage, SP=Spawning stage.
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Table 2.19. Survey of population dynamics studies for cutthroat trout and other trout species.

A or Potential . .
Trend Causes(s) Species  System or State Period Reference
Summit Lake, .
0.52 drought LC Nevada 2015-2017 This study
0.94 invasives LC Indt_epent;ience Lake, 1997-2005 Rissler et al. 2006
California [26]
invasives
0.77-1.21 BC Logan River, Utah 2001-2005 Budy et al. 2007 [75]
drought
logging or
land
management
practices
catch and
§tab|e or release wC Idaho (streams) 1959-2012* Kennedy and Meyer
increasing - 2015 [78]
angling
biotic
interactions
with other
salmonids
low stream
0.68-1.1 ]E’r""cfr?]ﬂow
(10 of 1.2 agricultural wC Montana (streams) 2010-2013 Carim et al. 2017
populations dewatering [77]
decreasing)
invasives
. . Yellowstone Lake, i ~ Stapp and Hayward
0.94 invasives YC Wyoming 1950s-1990s 2002 [40]
invasives 1980s, 1999-
0.98 YC Idaho (streams) 2000, 2010- '[\ggi’er etal. 2014
drought 2011
Declining low juvenile LT Lake Ontario, U. S. 1985-2007 Brenden et al. 2011

survival due

and Canada

[73]



1.35

1.03

Increasing:

28 fold in
adult
abundance

Stable or
increasing

0.92-1.01

to hatchery
strain

rapid growth
from early
stage
colonization

density
dependence-
carrying
capacity

angling
changed to
zero harvest

increased
mean annual
streamflow

reduced
winter

mortality due

to milder
winters

high post
spawning
mortality

(possibly due
to high water
temperatures

and low
flows)

poor

overwintering

habitat

LT

LT

BT

BT

BT

Swan Lake, Montana

Priest Lake, ldaho

Lower Kananaskis
Lake, Alberta,
Canada

Idaho (lakes, rivers,
streams)

South Fork Walla
Walla River, Oregon

2007-2008

2013

1992-2002

since 1994*

2002-2011
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Cox et al. 2013 [70]

Ng et al. 2016 [71]

Johnston et. al 2007
[65]

High et al. 2008[72]

Budy et al. 2017 [74]

*Period varied for individual streams.

Species abbreviations: LC=Lahontan cutthroat (Oncorhynchus clarkii henshawi), BC=Bonneville cutthroat
(Oncorhynchus clarki utah), WC = Westslope cutthroat (Oncorhynchus clarki lewisi), YC=Yellowstone
cutthroat (Oncorhynchus clarkii bouvieri), LT=lake trout (Salvelinus namaycush), BT=bull trout
(Salvelinus confluentus).
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Table 2.20. Fecundity comparison across cutthroat subspecies and systems.

Fecundity  Species System Reference

0.85 LC Summit Lake, Nevada This study

15 LC Summit Lake, Nevada Vinyard 2000 [15]

23 BC Strawberry Reservoir, Utah (Indian Creek)  Knight 1997 [81]

61 BC Strawberry Reservoir, Utah (Trout Creek)  Knight 1997 [81]

87 LC Independence Lake, California Rissler et al. 2006 [26]

175 ﬁ(c:; Ye, Trappers Lake, Colorado (Cabin Creek) [D8r2u]mmond & McKinney 1965

Estimates taken directly from study or calculated from data contained in study. Species abbreviations:
LC=Lahontan cutthroat (Oncorhynchus clarkii henshawi), BC=Bonneville cutthroat (Oncorhynchus clarki
utah), CC=Colorado cutthroat (Oncorhynchus clarki pleuriticus), YC=Yellowstone cutthroat

(Oncorhynchus clarkii bouvieri), HC=hybrids of CC and YC.

Table 2.21. Adult survival comparison between Lahontan cutthroat (LC, Oncorhynchus clarkii
henshawi), Bonneville cutthroat (BC, Oncorhynchus clarki utah), lake trout (LT, Salvelinus
namaycush), and bull trout (BT, Salvelinus confluentus) in various systems.

Survival Species  System Reference

0.27-0.35 | LC Gance Creek, Nevada Peacock [118]

0.36 LC Truckee River, Nevada Alexiades et al. 2012 [93]
0.15-0.44 | LC Walker Lake, Nevada Sedinger et al. 2012 [88]
0.51 LC Summit Lake, Nevada This study

0.54 BC Logan River, UT Budy et al. 2007 [75]
0.68 LC Independence Lake, CA Rissler et al. 2006 [26]
0.20-0.70 | BT South Fork Walla Wall River, OR Al-Chokhachy & Budy 2008 [119]
0.90 LT Yellowstone Lake, WY Syslo et al. 2011 [120]
0.69-0.91 | LT Experimental Lakes Area, Ontario, Canada Mills et al. 2002 [121]
0.92 LT Swan Lake, Montana Cox et al. 2013 [70]

Table 2.22. Annual spawning mortality rates for lake-dwelling Lahontan cutthroat at Summit Lake,
Nevada, USA, 2015-2017.

Year

Mortality rate

2015 (n=250)
2016 (n=403)
2017 (n=423)

Mean
SE

0.74
0.48
0.47
0.56
0.15
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Table 2.23. Juvenile survival comparison across trout species in various systems. Species
abbreviations: LC=Lahontan cutthroat (Oncorhynchus clarkii henshawi), BC=Bonneville cutthroat
(Oncorhynchus clarki utah), YC=Yellowstone cutthroat (Oncorhynchus clarkii bouvieri), BT=bull
trout (Salvelinus confluentus), L T=lake trout (Salvelinus namaycush).

Survival Species  System Reference
0.09? BT South Fork Walla Wall River, OR  Al-Chokhachy & Budy 2008 [119]
0.22-0.23° BT Skiphorton Creek, OR Bowerman & Budy 2012 [122]
0.08-0.34°¢ LC Gance Creek, NV Peacock [118]
0.41-0.47° BC Logan River, UT Budy et al. 2007 [75]
0.03 -0.50¢ LC Independence Lake, CA Rissler et al. 2006 [26]
0.44-0 69¢ YC Spread Creek, WY Uthe et al. 2016 [123]

' ' YC Shields River, Montana Uthe et al. 2016 [123]
0.0043-0.78° LT Priest Lake, ldaho Ng et al. 2016 [71]
0.0043-0.78° LT Swan Lake, Montana Cox et al. 2013 [75]

2 or 3 year old: average rate for study period.
bFirst value is 1 year old and second value is 2 year old.
°First value is fry survival and the second value is 2 year old survival.

dExcluding fry.

Study Site Locations

0 170 350

7.wu|<|o'remA

A Summit Lake

o s 1

e |

B: Independence Lake

™
D os 1 2 Kliometers A
[

Figure 2.1. Summit Lake (Nevada, USA) and Independence Lake (California, USA), including their sole,
perennial spawning tributaries, Mahogany Creek and Independence Creek (panels A and B), respectively.
Panel A also displays the 4 sampling zones at Summit Lake.
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Pa,4 Pss

Figure 2.2. Life history model of lake dwelling Lahontan cutthroat at Independence and Summit Lakes,
California and Nevada, USA, respectively. The diagram depicts the relationships and annual transition
parameters (f15 - pss) between the key life stages. 15 is fecundity; p2,1 and ps2 are the survival rates for Fry
(<100 mm) and Juvenile A (100 mm<Juvenile A<199 mm); pszand pszare the transition rates for Juvenile
B (200 mm<Juvenile B<299 mm) to a Non-spawning or Spawning adult (=300 mm); pa.4 and pas are the
transition rates for Non-spawning adults to remain a Non-spawning adult or become a Spawning adult; and
ps.4and pss are the transition rates for Spawning adults (=300 mm) to remain a Spawning adult or become a
Non-spawning adult, respectively. 0<p,1—pss<land fi5 € {0, 1, 2...}.

0 0 0 0 f,
P+ 0 0 0 O
0O p3» 0 0 O
0 O P43 Paa Pas

0 0 P53 Ps4 Pss

Figure 2.3. Stage-classified (Lefkovitch) population matrix model for the lake-dwelling Lahontan cutthroat
populations at Independence and Summit Lakes, California and Nevada, USA, respectively. The matrix is
constructed with the stages, relationships, and transition parameters from the cutthroat trout life history
model (Figure 2.2). fi5 is fecundity; p.,1 and ps2 are the survival rates for Fry (<100 mm) and Juvenile A
(100 mm<Juvenile A<199 mm); pa3 and pssare the transition rates for Juvenile B (200 mm<Juvenile
B<299 mm) to a Non-spawning or Spawning adult (=300 mm); ps.and p.s are the transition rates for Non-
spawning adults to remain a Non-spawning adult or become a Spawning adult; and ps . and pssare the
transition rates for Spawning adults (>300 mm) to remain a Spawning adult or become a Non-spawning
adult, respectively. 0<pz1—pss<land fi5 € {0, 1, 2...}.
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Figure 2.4. Annual number of Lahontan cutthroat spawners captured at the Summit Lake (Nevada, USA)
fish weir on Mahogany Creek from 1978-2017, excluding 2004-2005. Data provided by the Summit Lake
Paiute Tribe [23]. Red horiztontal lines represent drought periods [15,30,125].
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Figure 2.5. Adult (=300 mm) abundance estimates (n=1082) of lake-dwelling Lahontan cutthroat trout at
Summit Lake, NV, USA, 2015-2017. The estimates were derived from the top ground truthed model from
AIC (Akaike Information Criterion) model (Table 2.12) selection of the lake mark-recapture effort. The
abundance estimates and primary sampling periods are located on the x and y axes, respectively. The error
bars are 95% profile likelihood confidence intervals.
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Figure 2.6. Population growth rate comparison of female lake-dwelling Lahontan cutthroat at Independence
and Summit Lakes, California and Nevada, USA, 1995-2005 and 2015-2017, respectively [26]. Each
histogram was generated from a simulation that calculated the dominant eigenvalue of the stage-classified
population matrix model (Figure 2.3), using the estimated parameter distributions (Table 2.9), for each
population. The number of simulations and the population growth rates are located on the x and y axes,
respectively. The means and standard deviations are listed below. The red vertical lines indicate the means
of the histograms.
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Figure 2.7. Annual number of Lahontan cutthroat spawners captured at the fish weir located in Upper
Independence Creek (Independence Lake, California, USA) from 1997-2016. Data provided by [26, 124,
email correspondence Nature Conservancy Independence Lake Preserve].
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Abstract

Once widespread across lakes of the western Great Basin and the Sierra Nevada mountains of the
United States, native self-sustaining populations of Lahontan cutthroat trout (Oncorhynchus clarkii
henshawi, Lahontan cutthroat) now occur in just two lake ecosystems: eutrophic desert terminal Summit
Lake and mesotrophic montane Independence Lake. Maintenance of the life history and genetic diversity
within the Summit Lake and Independence Lake Lahontan cutthroat populations has been identified as an
important goal of Lahontan cutthroat management and restoration efforts. However, little research has been
done to quantify the population dynamics and critical life history transitions for lake dwelling cutthroat
trout populations. We compared the population dynamics of Lahontan cutthroat trout in the two lakes to
provide direction for range wide conservation strategy. We compared their population growth rates, and
performed sensitivity analyses to identify the population components with the most impact on population
growth rates. We applied a stage-classified (Lefkovitch) matrix population model (with skipped spawning)
to both populations, and parameterized the models using data and parameters from Lahontan cutthroat trout

population studies at both lakes. The Independence and Summit Lake population growth rates both
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indicated decline (0.94 and .52<1, respectively), and they shared the third most sensitive parameter, low
repeat spawning rates (0.44 and 0.36, respectively). But the difference between the growth rates was large,
and the top two sensitive parameters were different between the populations. Fry (0.03) and juvenile
survival (0.25) had the most impact at Independence Lake; whereas, low transition rates from nonspawning
to spawning or nonspawning (0.11 and 0.53, respectively) had the most impact at Summit Lake. Also, the
large difference between Independence Lake and Summit Lake fecundity (87 and 0.85, respectively) likely
had large effects on their growth rates. The finding suggest managers need to focus their efforts on
protecting juvenile life stages in Independence Lake and adult stages in Summit Lake and to guard against
assuming that intra-specific populations have the same population drivers, especially populations with

disparate biotic and abiotic conditions.

31 Introduction

North American freshwater fauna is declining five times faster than terrestrial fauna [1]. Since the
mid-1800s, habitat loss, overfishing and invasive species have led to population declines and extirpations
of freshwater fish fauna in the western U.S. [2]. Looking forward, climate change predictions for the
western U.S., of increased climatic variability that will manifest as increased drought frequency and
duration and a decreased proportion of precipitation as snow [3-4], threaten to compound these
disturbances [5-6]. This combination of disturbances is a formidable challenge for conserving freshwater
fish biodiversity in the western U.S., thus highlighting the need to actively manage threatened freshwater
fish species [7].

Cutthroat trout (Oncorhynchus clarkii spp.), so named because of the red slashes under the jaw
that resemble blood, are salmonids native to the coastal and inland waters of western North America [8].
The approximate 14 subspecies originally ranged from Alaska to southern Texas and from the Canadian
and U.S. Pacific Coasts to their Rocky Mountains [8-9]. However, over the past century two subspecies
have been extirpated [8], and Lahontan cutthroat trout (Oncorhynchus clarkii henshawi, Lahontan
cutthroat), the largest subspecies [10], is one of three on the U.S. endangered species list [11]. In the early

1800s, Lahontan cutthroat occupied 11 lakes (including Lake Tahoe, California and Pyramid Lake,
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Nevada), with 6 lakes in the Sierra Nevada Mountains and 5 lakes east in the western Great Basin. By
1970, Independence Lake (California) and Summit Lake (Nevada), representing only 0.4% of the historic
lake habitat, and support the last two native self-sustaining lake-dwelling populations [12].

Because of the sharp decline in lake habitat and populations, the Independence and Summit Lake
populations have long been recognized as unique subpopulations of special management and conservation
concern [13]. Consequently, at Independence Lake the baseline ecology of the population was studied in
the late 1960s [14], hatchery operations were conducted in the 1970s, and the spawning run has been
monitored annually since 1997 (intermittently from 1894-1996) [15,16,email communication Nature
Conservancy Independence Lake Preserve]. At Summit Lake, the spawning run has been monitored
annually for most years since 1978 [17], and a hatchery operated for most years from 1968 to 1984 [18].
With the completion of the Lahontan cutthroat recovery plan in 1995 and the populations’ assignments to
different distinct population segments (created based on geographical, ecological, behavioral, or genetic
factors), Independence and Summit Lakes were confirmed as stronghold populations [13]. The combination
of the distinct population segment assignments, the recovery plan’s recommendation to better understand
the range wide population ecology of Lahontan cutthroat, recognition of the analytical limitations of past
monitoring efforts that focused on specific population segments (such the spawning runs) [19], and concern
by local and regional managers of the low or declining spawning runs at both lakes in recent decades
(compared to historic numbers), further heightened the need and fueled efforts to better understand the
populations’ dynamics.

From 1997-2005, the U.S. Geological Survey performed a population viability analysis (the
probability that the population will remain viable after a pre-determined number of years, [20]), at
Independence Lake (hereafter Independence study) [15]. From 2015-2017, population dynamics research
was conducted at Summit Lake (hereafter Summit study) [21]. The completion of these studies provided
the opportunity to consolidate the increased knowledge of lake-dwelling Lahontan cutthroat population
dynamics across its historic habitat spectrum. The threatened status of Lahontan cutthroat, the importance
of these populations, the recent increase and decline in the annual spawning counts at Independence and

Summit Lakes, the suite of similarities and differences between the lake systems and the populations, and
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the few comparative population dynamics studies with lake-dwelling cutthroat trout, make these
populations ideal candidates for comparison. In this study, we compared: 1) the long term spawning run
record at both lakes to identify trends and drivers, 2) the population growth rates during their population
dynamics study periods, and 3) compared and contrasted the inferences gained from each effort to identify
the key life history parameters that are driving the dynamics of these populations. Comparing the
population dynamics from these last two threatened populations suggest insights into potential management
actions for each ecosystem and the need for expanding models to include an understanding of future

hydroclimatic mediated changes when recovering these populations.

32 Materials and methods

Study sites

Independence and Summit Lakes (Fig 3.1) are similar in surface area (2.5 km? vs. 2.8 km?),
elevation (2118 m versus 1780 m), the size of spawners (mean=507 mm for both populations, 1997-2005
excluding 2004, and 2015-2016), and both lakes are closed systems with only one perennial spawning
tributary, Upper Independence Creek and Mahogany Creek, respectively. But the lakes are located in
disparate ecosystems (montane Sierra Nevada Mountains versus high desert sagebrush steppe), and have
different maximum depths (45 m versus 15 m), primary productivities (mesotrophic versus eutrophic),
numbers of invasive salmonid species (3 versus 0), number of invasive cyprinids (0 versus 2), and mean
annual spawner counts (121 versus 1178 from 1997-2016 (Table 3.1)), respectively [15,16,22-24,email
communication Nature Conservancy Independence Lake Preserve]. Further, Independence Lake had mostly
non-drought conditions during their Independence study [25], whereas Summit Lake’s surface elevation
dropped almost 4 m (approximately 27%) during the recent severe drought across the western U.S. (2012-

2016) [26-27].
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Life history

Lake-dwelling Lahontan cutthroat begin life in the spring and early summer as fertilized eggs in
redds (nest) excavated in the substrate of spawning tributaries. The alevins (an embryonic stage retaining a
portion of the yolk sac for sustenance) generally hatch 4 to 6 weeks later. When the yolk sac is absorbed,
the alevins mature to the fry stage and emerge from the gravels. By fall fry will start migration to the lake
to rear. However, a small proportion of fry will remain in the tributary and migrate to the lake as 1 or 2 year
olds. After year 1, the fry become juveniles. At maturity (3-5 years old), adults reproduce by participating
in the annual migration from the lake into a spawning tributary, but most skip at least one year between
spawning attempts. The exact timing of the above events depends on location and environmental conditions

[12]. The typical lifespan is 5-14 years [28].

Population model

Lahontan cutthroat exhibit a complex life history that cannot be adequately described by age.
Juveniles do not mature at the same age and most adults exhibit skipped spawning [12]. Skipped-spawning,
in particular, is a key life history trait [29-30] that may be a significant driver of Lahontan cutthroat
population dynamics. Thus, following the guidance of Caswell [31] (for species with more complex life
histories) and previous research [32], we used stages to model Lahontan cutthroat population dynamics.
First, we created a life history model comprised of five life history stages, one fecundity parameter, and
eight stage transition probability parameters (Fig 3.2, Table 3.2). For simplicity, and based on our field
collection efforts, we assumed individuals mature over three juvenile stages; the adult stages are
Nonspawning and Spawning; fecundity (fi5) applies to spawning adults only; and the stage transition
probability parameters (p2,1—ps5) are the probabilities that individuals will survive and transition to another
stage. The Fry (<100 mm) and Juvenile A (100 mm<Juvenile A<199 mm) stage transition probabilities are
simply the survival rates to the next stage (¢r and gya, respectively). The spawning transition probabilities
(p4,3—Ps,s) are the product of the Juvenile B (200 mm<Juvenile B<299 mm) or adult (300 mm<adult)

survival rates (pss and @, respectively) multiplied by the respective stage spawning probability (S4,3-Ss,s).
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From this life history model, we constructed a female stage—classified (Lefkovitch) matrix
population model (Fig 3.3). One sex population matrix models assume an equal adult sex ratio because an
unequal ratio could bias the population growth rate estimate. Because both studies had comparable female-
dominated sex ratios (which is typical for Lahontan cutthroat and other cutthroat trout species [33]), we
made the common assumption of female dominance, that the female vital rates dominate the populations’
dynamics [31]. In addition, the population growth rate estimates would likely biased in the same direction
and result in little difference between the population growth rates. Unless otherwise specified, all parameter
and data references will pertain to females only. The below sections describe how we collected the data,
obtained the parameter estimates, and performed the population analyses. Based on an age-length
relationship from previous research on lake-dwelling Lahontan cutthroat at Summit Lake [Chandra,
unpublished data], the stages are similar to the age classes in the Leslie life history table of the
Independence study [15]. Thus, for the Independence Lake population model, we equated the 0, 1, 2, and

>3 year ages to the Fry, Juvenile A and B, and Nonspawning and Spawning stages, respectively.

Data

Unless otherwise specified, the data was collected from 1997-2005 (excluding 2004) at

Independence Lake [15] and from 2015-2017 at Summit Lake [21].

Fry Trap

The same fry trap (see Appendix 5.2 for further description) was used in both studies to count the
annual migration of young (Fry, Juveniles A and B). The fry trap could be configured to allow or deny
passage and was only deployed in the creeks for the migration capture efforts [15,21]. Every year at Upper
Independence Creek, the fry trap was installed approximately 80-100 m upstream from the creek mouth.
Captures were processed on weekdays (Monday—Friday) but were allowed to pass through on the weekends
(Saturday and Sunday) during the migration period (late August to early November). Date, fork length

(mm), and mass (nearest 0.01 g) were recorded for 10 individuals each weekday. After processing, captures
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were released downstream. The fry trap was operated until fewer than 10 individuals were captured in a 24
hour period [15].

At Mahogany Creek, the fry trap was installed at same location in 2016 and 2017, approximately
375 m upstream from the creek mouth. In 20186, the fry trap was operated primarily during the weekdays
(Monday-Thursday or Friday) from mid-July to mid-November. During four weeks in September when
there was stagnant water, the fry trap was not operated to eliminate negative influences on the migrating
young per rules set forth in the collections permit. In 2017, the fry trap was operated with a mix of weekday
or longer periods (which included weekdays and weekends-Friday or Saturday and Sunday) from late
August to early November. Captures were processed for fork length (mm) and then released downstream

[21].

Mark-recapture effort

Both studies executed mark-recapture methods (albeit different) - in which captured Lahontan
cutthroat were marked, returned to the lake or creek, and recaptured - to estimate the juvenile and adult
survival rates or abundance [34]. Passive integrated transponder (PIT) tags - a cylindrically-shaped, glass
encased chip that contains a unique number, and implanted into the body — were used to mark the
individuals [43]. At Independence Lake, tricaine methanesulfonate (ms-222) was used for anesthesia. Sex
(male, female, or unknown), fork length (mm), passive integrated transponder PIT number, and date were
recorded for each capture. Captures recuperated in a live tank before release into the lake or Upper
Independence Creek. New captures at the fish weir or during the netting or hook and line efforts were
implanted with a tag below the dorsal fin on the left side, and the adipose fin was clipped. During the net
and hook and line effort in the lake, 140 mm<new captures<250 mm were implanted with a PIT tag in the
abdominal cavity, and the left pelvic fin was clipped [15].

CO; gas was used for anesthesia at Summit Lake. New captures>100 mm were implanted with a
Biomark© 12 mm full duplex PIT tag that contained a unique 15-digit number. New captures>250 mm
were tagged in the pelvic girdle, and 100 mm< new captures <250 mm were tagged in the abdominal cavity

between the pectoral and pelvic fins. We clipped the adipose fin of new captures to subsequently identify
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recapture and assess tag loss. We recorded the following data from each capture: fork length (mm), mass
(kg), trap depth (m), sex (male, female, or unknown), new capture or recapture, and PIT number. Captures

recuperated in net pens (alongside the boat) before release into the lake [21].

Netting and hook and line effort

Fyke (trap) nets and hook and line angling [35] were used for the mark capture of juveniles and
adults in Independence Lake. The trap nets (3-6 nets) were deployed overnight, between 2 to 25 min the
thermocline, and intermittently from June to November every year [15]. The Independence Lake study did
not contain details regarding the sampling procedure in the lake. Thus we were unable to determine if there
any potential sampling bias.

In Summit Lake, a robust design sampling framework [36] was utilized, and trap nets were also
used for the capture effort but not hook and line angling. The sampling periods were March-May and
October-November in 2015, and generally pre-spawn (March—April), post-spawn (June—July), and fall
(October—November) thereafter. Also, a spatially stratified, semi-random plan was designed to minimize
sampling bias. The lake was divided into 4 sampling zones (Fig 3.1). Up to 10 nets were used every period,
and the nets were moved daily within and among the zones to keep the sampling effort as uniform as
possible throughout the lake. Most net sets were approximately 20-24 hours and ranged from
approximately 1-12 m in depth [21]. Bias may have occurred in two aspects of the sampling. First, the trap
nets were size selective, primarily catching individuals above 300 mm. The mesh size (0.5 and 1 inch) may
have allowed small juveniles to pass through, and the large size and design of the trap nets precluded
sampling of shallow, heavily vegetated areas where fry and juveniles may have been concentrated [37].
Second, with the trap nets anchored primarily to the shoreline, our effort concentrated on catching fish

close to shore, which may have resulted in seasonal or behavioral capture biases [38-39].

Tracking PIT tagged spawners at Summit Lake

A PIT antenna was used at Summit Lake only. The permanent stationary PIT antenna, spanning

the entire width and depth of the creek, was located approximately 750 m upstream from the mouth of
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Mahogany Creek. The antenna detects every PIT-tagged individual traveling up- or downstream. The
Summit Lake estimates for total spawners, fecundity, and spawning probabilities relied on the annual lists
of PIT-tagged spawners detected by this antenna. Four assumptions were made to generate the lists. First,
lake-dwelling Lahontan cutthroat populations have an annual spawning run and are obligate tributary
spawners [12] that infrequently enter or reside in tributaries when not spawning. Next, every individual that
entered the creek during the run was classified a spawner, although actual spawning could not be
confirmed. Then, an individual’s initial detection signaled participation, an exit detection signaled survival,
no exit detection signaled death, and zero detections signaled no participation. Last, the detection rate of the

antenna was assumed at approximately 100% [40].

Fish weirs

In 1997 spawners entering Upper Independence Creek were captured with two trap nets set at the
creek mouth and fished overnight daily. Thereafter, spawners were captured with a temporary weir
deployed annually. The weir was installed approximately 100 m upstream from the creek mouth, spanned
the entire width and depth of the creek, and was monitored from May through July. Due to installation
when flows permitted, some spawners were missed. Also, smaller individuals may have passed through the
weir. However, because the weir was located near the creek mouth, the total number of spawners was
recorded after weir installation. To minimize harassment, the weir was removed prior to all of the spawners
returning to the lake [15].

In Mahogany Creek, spawners were captured with a permanent weir facility, which spans the
entire width and depth of the creek, located approximately 3.5 km upstream from the creek mouth. The
weir is operated generally from March to June, and is checked daily. After the spawning run, the weir is
configured to allow passage. The following data is collected from each capture: sex (male, female, or
unknown), mass (kg), fork length (mm), and PIT number (if present). However, because the weir is not
located near the creek mouth, and a large portion of spawning occurs downstream of the weir, the count at

the weir does not approximate the total number of spawners [21].
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Parameterization

Fecundity

Fecundity (f; 5) was defined as the number of female young (Fry, Juvenile A or B) migrating to
the lake per female spawner. The annual number of migrating young (Fry, Juvenile A or B) was estimated
by combining physical counts to extrapolated counts. At Independence Lake, the number of young allowed
to pass through the fry trap on the weekends was extrapolated based on the previous and subsequent 24
hour periods [15]. At Summit Lake, the number of young allowed to pass through the fry trap was similarly
extrapolated based on the previous and subsequent 24 hour periods of the passage periods. For
Independence Lake fecundity, the number of females caught at the weir was used. For Summit Lake
fecundity, because not every female that entered the creek was counted, the number of female spawners
was calculated by dividing the number of tagged females detected by the antenna with the proportion of
tagged females vs. total female spawners caught at the fish weir. Then the total young captured was
multiplied by half (assuming a 1:1 sex ratio for simplicity, because prior lake-dwelling cutthroat trout
population modeling has made the same assumption [32], and because recent research with brown trout

suggests an equal ratio may not be unreasonable [41]) and divided by the total female spawners [21].

Survival

Independence Lake and Summit Lake are closed systems [15, 23], so the survival estimates reflect
true survival (o) rather than apparent survival (with immigration and emigration, which underestimates true
survival) [34]. For Independence Lake, the Cormack-Jolly-Seber [34] and the Joint Live-Recapture/Live
Resight/Tag-Recovery (Barker) [42] models in Program Mark [43] were used to estimate the Independence
Lake juvenile (pJa, pi8) and adult survival (pa) rates, respectively. Fry survival (¢g) was estimated by
factoring out the age 0 year to 1 year component from fry to adulthood survival [15].

At Summit Lake, juvenile (pa, @ss) and adult (pa) survival rate estimates were attempted.
However, few juveniles were captured, so their survival could not be estimated. The age 0, 1, and 2 yr.

survival rates from the Independence study were used for the Fry and Juvenile A and B survival rates in the
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Summit Lake model, respectively [21]. To better meet the closed population assumptions for adult survival,
the last 4 weeks (late April and all of May 2015 — height of spawning run so many spawners not available
for capture in the lake) of data from the first primary period were removed, which resulted in 678 adult
capture histories. In Program Mark [43], we selected the Pradel robust design survival and lambda model
[44] with the Huggins’ p and ¢ closed capture data type [45-46] so that we could use covariate data (sex,
fork length, and trap depth) to model the survival and capture/recapture rates. We identified the top model
by ground truthing (2015-2017 estimated total spawning runs vs. the model abundance estimates for those
periods) the AIC ranked models [21,47-48]. Then a Bayesian version of the top model was created to
estimate survival. R package R2jags [49-50] and the JAGS program [51] were used to construct and run a
Bayesian MCMC (Markov Chain Monte Carlo) model with the following uniform priors for the survival
(pa), capture (pcarTure), and recapture (c) parameters, respectively: uniform (0.6, 0.95), uniform (0.01, 0.1),
and uniform (0.01, 0.1). The model was run with 3 chains of 25,000 iterations and a 5,000 iteration burn-in
period, and convergence was assessed with the Gelman Rubin diagnostic<1.1 [52]. The model run provided
the posterior mean and standard deviation for adult survival. The mean estimate was then converted into an
annual survival rate for the population model. The Bayesian MCMC model was validated with a data
cloning procedure. Data cloning, by replicating the data set an increasing number (k) of times, uses the
Bayesian MCMC framework to provide maximum likelihood estimates (MLE) for model parameters. If the
Bayesian model is consistent with the MLE model (Program Mark top model), then the posterior mode and
MLE estimate should be the same or very close. Large differences between the estimates could indicate that
the models are dissimilar, the Bayesian priors are unexpectedly informative (when they are intended to be
uninformative), or the model’s parameters are not identifiable using the data collected using the data

collected [53].

Spawning probabilities and transitions

Spawning probability (s) was defined as the probability of spawning (or not) for a Juvenile B or
adult in a given year. However, because the Independence study did not track the exit of individuals, we

needed to use a different calculation for their estimates. Using the capture history of spawners caught at the
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Upper Independence Creek weir, we estimated the spawning probabilities (S4,4-Ss5) by taking the proportion
of instances of changing from one spawning stage to another. The Independence study did not contain the
data needed to estimate the probabilities from Juvenile B to the spawning stages (Ss,3, Ss3), S0 for simplicity
we assumed S43 and Ss3to be one-half, which is close to the Summit Lake probabilities. [15,21].

At Summit Lake, the Juvenile B to the spawning stage probabilities (s43, Ss3) were estimated by
taking the proportion of Juvenile B individuals that participated in the spawning run each year. Because
juveniles are difficult to sex, for simplicity we assumed the same probability for females and males each
year [32]. The adult spawning probabilities (s4-S55) were calculated from the detection of tagged
individuals through the PIT antenna. This produced an annual list of individuals that spawned and survived
or didn’t spawn. Spawning survivors from the previous year were compared to the spawners the following
year to determine sss and ss4=1-Ss55. Likewise, nonspawners and spawners from the previous and the
following years, respectively, were compared to calculate ss5 and ss4=1-545. The mean of the 2015-2016
and 2016-2017 probabilities were used for the model. The respective annual survival rates and spawning

probabilities were multiplied to obtain the spawning transition rates for both models: ps3= ¢ X S5.3, Pa,3=

@38 X S4.3, P55= @A X S55, P4,5= Pa X S45, P5.4= @a X Ss5.4, ANd Pa,4= pa X S24 [21] (Table 3.2).

Evaluation

We quantified uncertainty in the population growth rates and the parameter sensitivities by
estimating their normal probability distributions. First, we applied the CV from Summit Lake adult survival
to every parameter in both models. Next, we generated 10,000 random samples from the standard normal
distribution N(0, 1). Then we used each sample (in turn) to select the respective value from each parameter
distribution in both models, and ran the population growth rate and sensitivity analyses using the popbio
package [54] in R. Last, we derived the mean and standard deviations for the population growth rates and

parameter sensitivities [21].
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33 Results

Independence Lake fecundity was 87+2.78 (Table 3.3). Independence Lake Fry, Juvenile A and B,
and adult survival were estimated at 0.027+0.0009, 0.25+0.008, 0.50+0.016, and 0.68+0.022, respectively
(Tables 3.3-3.4). The spawning probabilities for ss 3 and s4,3 were mean of 0.7+0.02 and 0.3+0.01, ss 5 and
s45 were mean of 0.64+0.02 and 0.36+0.01, and ss4 and sa.4 were mean of 0.86+0.03 and 0.14+0.004,
respectively (Tables 3.5, 3.6). The spawning transition rates for ps 3 and ps3 were mean of 0.35+0.01 and
0.15+0.005, ps5 and pas were mean of 0.44+0.01 and 0.24+0.008, and ps4 and pa4 were mean of
0.58+0.02 and 0.10£0.003, respectively (Table 3.4). The population growth rate was mean 0.94+0.05 (Fig
3.4). The top three sensitivity parameters for Independence Lake were p21 (5.14+0.03), ps2 (0.56+0.003),
Ps.5 (0.43+0.007) (Table 3.7). The spawning run has increased linearly from 1997-2016 (adjusted r?=0.39,
p=0.004) [15,21].

Summit Lake fecundity was 0.85+0.027 (Table 3.4). Because we had insufficient data to estimate
juvenile survival, we used juvenile survival from the Independence study (Tables 3.3-3.4). For adult
survival (n=678), the top model had constant survival and capture/recapture rates, and no covariates (Table
3.8). The Bayesian version of the top model estimated a posterior mean of 0.51+0.016 [21]. The Gelman
Rubin diagnostic was 1.01<1.1, and the coefficient of variation was 0.032. The data cloning diagnostic
indicated that the survival estimate from the resulting Bayesian model was essentially the MLE for this
model and there was no influence of the prior distributions on the inferences (Table 3.9). The spawning
probabilities for ss 3 and s4,3 were mean=0.49+0.018 and 0.51+0.018, ss5 and S4,5 were mean=0.58+0.05 and
0.42+0.05, and ss.4 and sa.4 were mean=0.18+0.06 and 0.82+0.06, respectively (Tables 3.5-3.6). The
spawning transition rates for ps3and ps3 were mean=0.25+0.008 and 0.26+0.008, ps s and pass were
mean=0.36+0.012 and 0.28+0.009, and ps 4 and pas were mean=0.11+0.004 and 0.53+0.017, respectively
(Table 3.4). The population growth rate was mean=0.52+0.03 (Fig 3.4). The top three sensitivity
parameters were ps4 (0.70+0.0007), pa4 (0.66+0.003), pss (0.31+0.00009 ), respectively (Table 3.7). The

spawning run has declined linearly from 1999-2017 (adjusted r?=0.78, p=3.90e-06) [15,21].
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3.4 DIscussion

Independence Lake and Summit Lake contain stronghold populations of lake-dwelling Lahontan
cutthroat that are critical for conserving the subspecies. Thus quantifying the population dynamics for each
lake, which are exposed to different climate regimes and have different basal productivity, is crucial for
crafting sustainable range wide management strategy. The similarities and differences between the lake
systems and their spawning runs, concern for the spawning run trends, and the recently completed
population dynamics research at both lakes presented the opportunity to compare the dynamics of these
unigue populations. We compared their population growth rates and the population parameters with the
most influence on the growth rates. The analyses exposed significant differences and similarities that
Lahontan cutthroat managers should find useful in their planning efforts.

The Independence Lake population growth rate indicated decline during the Independence study,
but the long term trend indicates the opposite. Using the spawning run as a surrogate for the entire
population, the population trend was positive since 1997, and the population mean after the Independence
study almost doubled. Alternatively, with the 2016 population approximately equal to the population mean
since 2005 (Table 3.1) (Fig 3.5) [15-16,email communication The Nature Conservancy Independence Lake
Preserve], the population may have increased after the Independence study and then stabilized. The
Independence Lake population currently appears (at minimum) stable at a higher abundance than during the
Independence study, but continued increase is also possible.

Management efforts, climate, or natural population dynamics may have driven the purported
positive trend. In the 1950s, fishing was prohibited in Upper Independence Creek and near the mouth. In
the 1970s, rainbow and brook trout (Oncorhynchus mykiss and Salvelinus fontinalis, respectively) stocking
was discontinued, angler harvest of Lahontan cutthroat in the lake was prohibited, and hatchery operations
were conducted. However, the 1970s introduction (and subsequent proliferation) of kokanee salmon
(Oncorhynchus nerka) has been a counterweight to these efforts. In 1993, over three hundred thousand
Independence Lake strain Lahontan cutthroat fingerlings were planted in the lake. No management changes
were enacted during the Independence study. The cumulative effect and longevity of the above

conservation efforts and favorable climate (via snow water equivalent that was average to above average
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[25]) during the Independence study may have bolstered the population to near stability against the
negative competition or predation interactions with the nonnative salmonids (brook trout, kokanee salmon,
brown trout-Salmo trutta [55-59]) in Upper Independence Creek and the lake [15]. After the Independence
study, brook trout removal efforts (to eliminate brook trout predation) have been conducted annually to
increase Lahontan cutthroat fry survival in Upper Independence Creek [60, email communication The
Nature Conservancy]. The effort has been successful at eliminating most (if not all) brook trout [16,email
Nature Conservancy Independence Lake Preserve]. From 2006-2010 the estimated egg production, number
of migrating young, and egg-fry survival increased, and the effort has been linked to the increased
spawning runs after the Independence study [60], and may have pushed the population growth rate to above
one. Small changes in vital rates (e.g., fry survival) can produce large effects in a population’s dynamics
[61]. Another explanation for the increasing population trend is that the population was already increasing.
The population growth rate histogram (Fig 3.4) had a small region above one, suggesting an increasing
growth rate during the Independence study that continued afterward, which also suggests that the removal
efforts may have had little impact on or further increased an already increasing growth rate. Or, a
combination of the above factors may have been responsible. In recent years, drought conditions (2012-
2016) [25-26]), which can reduce cutthroat trout abundance [62-64]), may have contributed to the
spawning run declines observed after the peak in 2010 [16,email communication Nature Conservancy
Independence Lake Preserve] (Table 3.1,Fig 3.5).

However, the population trend at Summit Lake is the opposite. The spawning run trend since 1999
is negative (eighty-one percent decline), and the declining population growth rate and adult abundances
estimated in the Summit Lake study provide further evidence for a declining population [21]. Natural
population cycling and climate seem to have been the primary drivers of the decline. Grazing on the
federally managed and Summit Lake Paiute Reservation (Reservation) portions of Mahogany Creek were
discontinued in 1974 [65] and 1991 [66], respectively; grazing within the remaining Reservation has been
minimal since 1991 (with none since 2004) [66]; hatchery operations ended in 1984 (with the last few years
considered to have a negligible impact on the population [67]); invasive salmonids have never been

established in the system and the invasive minnows seem to exert little to no competition pressure
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[Chandra, unpublished data]; tribal harvest has averaged a low percentage (approximately 2 percent) of the
spawning run since 1992 [68]; and public access and fishing have not been allowed since the formation of
the Reservation. Thus with relatively minimal human disturbance on the population and system in the last
thirty years (approximately), the trend is likely due to other causes. Animal and fish populations commonly
oscillate between high/low (boom/bust) numbers in periodic cycles due to biotic (e.g., density dependence)
and abiotic (e.g., climate) factors [69]. The population seemed to overshoot carrying capacity in 1999 to
initiate the current declining trend. Then severe, prolonged droughts in 2007-2009 and 2012-2016
exacerbated the decline to produce the declining population results observed during the Summit study [24-
25,70].

Despite the long term decline and recent study results, the population’s prognosis for the near or
long term remains uncertain. Fish populations can rebound quickly from drought [63], and trout
populations can experience precipitous declines with strong returns [71]. When precipitation increased
successively in 2016 and 2017, the spawning run, number of migrating young, and transitions to the
spawning stage increased, and spawning mortality decreased (Table 3.10). In addition, potentially reduced
density dependent pressures from a smaller population may fuel a comeback (Table 3.1,Fig 3.6) [72]. But
continued decline may continue and should be approached with caution. Given the consistent decline in
adult abundance, the increased spawning numbers during the last two years could have simply been due to
increased spawning participation as the population continues to decline. Drought had a long-term lag
effects on a brown trout population via reduced densities of returning females and their eggs [73]. In either
scenario, near term climatic conditions are certain to play a significant role in the population’s trajectory,
with continued drought conditions likely to drive the population downward, and non-drought conditions
potentially giving the population a respite to recover.

The difference in population growth rates was likely driven by the interplay of fecundity, fry and
juvenile survival, and the Nonspawning and Spawning transition rates. Independence Lake fecundity was
extremely high compared to fecundities observed during the Summit Lake study [15,21] and in 1994 (~ 1.5,
[65]), and approximately one and a half to three and a half times higher than the lake-dwelling cutthroat

trout populations in Strawberry Reservoir, Utah (Bonneville cutthroat, Oncorhynchus clarki utah) and
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Trapper’s Lake, Colorado (Yellowstone cutthroat, Oncorhynchus clarkii bouvieri, Colorado cutthroat,
Oncorhynchus clarki pleuriticus, and their hybrids) (Table 3.11). The Summit Lake estimates were
observed at the end or overlapping the end of prolonged drought periods. At Trappers Lake, fecundity
increased as precipitation increased but declined after a threshold. The lowest fecundity (74) was observed
during the lowest precipitation year. At Strawberry Reservoir, the lowest fecundity (75) was observed
during a high precipitation year; the precipitation level may have been too high. Given enough years of
prolonged drought, it is reasonable that fecundity levels may reach the low levels of the Summit Lake
studies. Conversely, enough years of good precipitation may produce the high fecundity observed during
the Independence Lake study. Compared to the Summit study, the high fecundity during the Independency
study may have contributed more recruits to the adult population.

Summit Lake fecundity was likely affected by drought-induced processes in Mahogany Creek [76-
77]. Low streamflows [78] decreased spawning habitat (resulting in increased energy expenditure for redd
search, competition, or protection [6,79]) and refuge from terrestrial and avian predators [80]. SLPT
biologists observed, particularly in 2015 (lowest precipitation of the drought), that many postspawners
(especially males) were scarred (from mate search, competition and defense [81]) and that terrestrial and
avian predation was prominent (spawner carcasses on the banks, wildlife camera photos of predators near
the creek, and witness of bird predation or harassment on spawners) [82-84]. Low streamflows and higher
water temperatures (temperature-oxygen squeeze [85]) reduced spawner migration distance (increased
locomotive stress [79]), and decreased egg hatch rates, fry survival, and fry migration (stagnant flow and a
thermal barrier in the lower creek during the summer) [6,71,86]. Conversely, higher streamflows have been
linked to higher numbers of migrating fry or larger recruitment classes via a reverse of the above
mechanisms [71,74]. In addition, Lahontan cutthroat fecundity can have high inter-annual variability. For
example, during the Independence study the annual number of migrant young ranged from 0 to 27,046
(mean=9,980+8660) [15]). The peak occurred in 1997, which was also the biggest spawning run of the
Independence study, and favorable climate leading up to and including that year (with snow water
equivalent average to above average from 1995-1997 [25]) may have also fueled the high number [71, 74].

The variability suggests that pulse recruitment can be important for lake-dwelling Lahontan cutthroat
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populations [61,71,87-90]. Additional years of data are needed from Summit Lake to detect a difference,
and determine the drivers, in fecundity between the populations.

The sensitivity analyses for both studies identified Fry and Juvenile A survival and the
Nonspawning and Spawning transition rates as having the most impact on the population growth rates. For
Independence Lake, Fry and Juvenile A survival were the first and second most sensitive parameters,
respectively (Table 3.7). Though performed differently, the sensitivity analysis of the Independence study
also identified fry and juvenile survival as the most sensitive parameters [15]. California Department of
Fish and Wildlife fisheries biologists have recommended kokanee control since the 1970s, after witnessing
the dramatic decline of the Lahontan cutthroat spawning run following the introduction of kokanee in the
mid-1950s [60,91]. During the Independence study, kokanee was the primary nonnative salmonid captured
in the lake, with brook trout much less abundant and brown trout rare. Thus Independence study
researchers conjectured that kokanee competition or predation reduced fry and juvenile survival in the lake
[15,55]. After the Independence study, the brook trout removal study in Upper Independence Creek
discovered Lahontan cutthroat fry in the stomachs of brook trout. This led the researchers (all but one of
which participated in the Independence study) to hypothesize that brook trout predation may have also been
reducing fry survival [60]. Interestingly, despite predation and competition in the lake and creek, the
Independence Lake fry and juvenile survival estimates were still approximately mid-range compared to
other (mostly non-cutthroat) river or stream trout populations (fry and juvenile survival studies for lake-
dwelling cutthroat trout are few) (Table 3.12). Relatively high fry and juvenile survival rates may be
required for adfluvial Lahontan cutthroat population growth.

Low fry and juvenile survival, resulting in low adult recruitment, could partially explain the low
spawning runs and declining adult abundance during the Summit Lake study. The study did not estimate fry
and juvenile survival, but given that its fecundity and transition rates to the spawning stage were lower than
the Independence study, fry and juvenile survival also could have been lower. However, it is unlikely that
lower fry and juvenile survival rates would have changed the results of the sensitivity analysis. We halved
the rates, but the Nonspawning and Spawning transition remained the most sensitive parameters. In

Mahogany Creek, predation is usually not a factor, except possibly from cannibalism [92], and competition
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is low or nonexistent with the nonnative minnows (although native to the Lahontan basin) [65, Chandra,
unpublished data]. In the lake, cannibalism and competition with the minnows seem to be the same as in
the creek under non-drought conditions [Chandra, unpublished data]. Drought-induced mechanisms may
have decreased fry and juvenile survival in the lake. Fry and juveniles prefer the nearshore littoral zone
[93]. The lake level drop [27] reduced this habitat. In addition, the resulting evapoconcentration increased
the salts concentration and the temperature-oxygen squeeze to shrink the lake’s optimal trout habitat
(between the relatively warm surface waters and the anoxic water layer at the bottom) in the remaining
littoral zone and throughout the rest of the lake [23,94-95]. Reduced chemical and thermal refugia
decreased fry and juvenile survival by increasing direct mortality [6], lowering immunity [6], or increasing
the vulnerability to cannibalization by pushing fry and juveniles away from the cover and safety of the
littoral zone into deeper water [92,96]. However, cannibalization may not have been a factor because
Summit Lake Lahontan cutthroat are not considered to be as piscivorous as their Pyramid Lake and
Independence Lake counterparts [12,15,93,97,Chandra, unpublished data]. Evapoconcentration has
negatively affected other lake-dwelling Lahontan cutthroat and fish populations (Walker Lake, Nevada)
[98].

For Summit Lake, the transition rates from the Nonspawning stage were key (Table 3.7) [21]. A
low proportion of nonspawners became spawners the following year, but the Independence Lake
population exhibited the opposite behavior for their nonspawners. The third most sensitive parameter for
the Independence and Summit Lake populations was the Spawning to Spawning transition rate, signifying
that repeat spawning was important for both populations. But again Independence Lake had the higher rate
(Table 3.7) [15]. The spawning stage transitions are the product of survival and the respective spawning or
nonspawning probabilities.

Independence Lake adult survival was high compared to Summit Lake, as well as Lahontan
cutthroat populations in Walker Lake (desert terminal lake) [99] and the Truckee River (Table 3.13) [100].
The Walker Lake and Truckee River studies utilized methods that likely biased their estimates downward.
At Walker Lake, the highest rate was the first year of the study (1999). No nonnative trout reside in the lake

and true survival was estimated, but hatchery Lahontan cutthroat were used, which can exhibit lower fitness
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than wild conspecifics [101-102], and the total dissolved solids level (approximately 11 g/L) at the
beginning of the study was already high enough to significantly reduce survival. The Truckee River study
had the lowest rate, but three factors may have biased the estimate downward: apparent survival (which is
always lower than true survival) was estimated, hatchery Lahontan cutthroat were used, and the size of the
fish planted in the river indicated that they were either large juveniles or first year adults, which could have
still faced high competition and predation pressure by the wild populations of nonnative brown trout and
rainbow trout [103-105], which are the most abundant trout populations in the river [100]. The
Independence and Summit Lake populations are wild and their studies estimated true survival. But unlike
the Summit Lake population, the Independence Lake population shared the lake with nonnative salmonids
and had favorable climate during the Independence study, respectively [15]. Thus with different estimation
methods, the use of hatchery Lahontan cutthroat, the presence or absence of nonnative trout, and extreme
environmental conditions, it is difficult to determine how adult survival compares between Independence
and Summit Lakes and against other Lahontan cutthroat populations. When compared to other trout
populations, Independence Lake adult survival was still on the high end (Table 3.13). Less mortality in the
lake or the spawning run, via favorable climate [25], may have led to this relatively high survival. In
Summit Lake, less refugia from the drought directly or indirectly (lowered immunity and depleted energy
reserves) reduced survival. In Mahogany Creek, drought conditions decreased survival from increased
spawning mortality or depleted energy reserves that led to subsequent mortality in the lake [6,21,65].

The spawning probabilities were higher during the Independence Lake study than the Summit
Lake study [15,21]. Comparing spawning probability estimates across additional studies was difficult
because of the variety of methods. The skipped spawning estimates of lake trout populations in the Priest
Lake, Idaho and Lake Ontario were one year snapshots based on the status of the reproductive organs, and
the methods for determining the repeat spawning estimates for the lake-dwelling Yellowstone cutthroat at
Yellowstone Lake were unclear [106-108]. Although the methods in the Independence Lake and Summit
Lake studies were not the same, the methods were the most similar and accurate because they attempted to

track the spawning attempts and mortality of individuals across multiple years. The spawning transitions
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were the most sensitive parameters for Summit Lake because of low adult survival and low spawning
probabilities.

At Summit Lake, the stress imposed by evapoconcentration likely led to less spawning via
intertwined mechanisms. The increased stress from evapoconcentration shunted energy from growth and
reproduction [6,109]. Further, lake-dwelling Lahontan cutthroat obtain a large percentage of nutrition by
feeding in the littoral zone [92,110-112]. The reduced littoral zone decreased nutritional intake [109] and
energy for growth and reproduction [113-117] and thus may have motivated increased cannibalism on
juveniles that were forced out of the littoral zone [92]. These processes combined to produce less juveniles
entering or completing puberty (retarded gonad development), reduced production or development of eggs
[118], or increased skipped spawning in adults [29-30]. In addition, low flows and high temperatures in
Mahogany Creek triggered less participation in spawning run [119]. At Independence Lake, with relatively
high adult survival and a favorable climate, the sensitivity of repeat spawning probability likely resulted
from energy being shunted from growth and reproduction due to competition and predation pressure from
kokanee.

Broader scale questions regarding life history traits become salient when we overlay the different
study climates onto the disparate habitats. Independence received mostly above average snowpack during
the Independence study [15], whereas the Summit study [21] began at the tail end of a severe drought and
did not receive above average snowpack until two years later. This context has lead us to consider four
scenarios to explain the results of this comparison study. First, the sensitivity of the adult transitions at
Summit may be due to life history adaptation to the desert environment. Borrowing from the concept of
remnant populations [120], under harsh and variable environmental conditions natural selection may favor
the survival of Lahontan cutthroat adults until environmental conditions are more favorable for
reproduction. Second, the adult sensitivities may be simply a phenotypic plastic response to the desert
environment; or third, the adult sensitivities may be simply a temporary result of the drought and that under
sustained above average snowpack the Summit Lake sensitivities would be similar to the Independence

study [15]; or fourth, a combination of the three. Identifying the correct scenario is important for



76

understanding the variation in life history traits of lake-dwelling Lahontan cutthroat populations, and thus
may have long term management implications.

In summary, our comparison reveals that the Independence and Summit Lake population
dynamics had more differences than similarities. Independence Lake had a positive trend in the spawning
run, a higher population growth rate, and higher adult survival and transition rates into the spawning stage.
Both population growth rates indicated decline, but the Independence Lake rate was much higher and had a
small probability of stability or growth. The most sensitive parameters for Independence Lake were Fry and
Juvenile survival, which may in part have neutralized the much higher fecundity. The most sensitive
parameters for Summit Lake were the Nonspawning stage transitions. Both populations (though higher at
Independence), however, shared repeat spawning as the third most sensitive parameter. The results support
that recruitment and proportionally more spawners were the main drivers for the relatively healthier
population dynamics at Independence Lake. We postulate, in part, that the non-drought conditions during
the Independence study contributed to their relatively healthier population dynamics, with essentially a
reverse of the likely drought effects at Summit Lake [21]. Lahontan cutthroat are adapted to warmer,
alkaline waters [10,121-122], but the cascading, compounding, and cumulative effects of the drought likely
pushed the population beyond optimal reproduction and survival at Summit Lake compared to

Independence Lake.

Management implications

Lahontan cutthroat managers at Independence Lake should focus on increasing fry and juvenile
survival and repeat spawning. Twelve years have elapsed since the population viability analysis [15], so it
is unknown whether fry and juvenile survival remain the most sensitive parameters. However, given the
results from the brook trout removal effort, it is reasonable for the primary focus to remain on fry and
juvenile survival. Continued monitoring of the creek is necessary to prevent future brook trout invasions,
but the focus should shift to suppressing kokanee [55] because nonnative suppression efforts have been
demonstrated to benefit native adfluvial trout populations [123]. In addition to lowering the lake level to

destroy the nearshore kokanee redds [16], managers may utilize methods (such as netting) from the (current
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and developing) lake trout suppression model at Yellowstone Lake. Last, removing the angling limits on
nonnative fish may prove effective. Angling pressure almost drove the bull trout population of Lower
Kananaskis Lake to extinction [72]. Reducing the predation and competition pressures (thus stress) of
nonnatives may provide more energy for reproduction to increase repeat spawning [109].

Tribal managers should focus on increasing fecundity and the transition rates to the Spawning
stage. Mahogany Creek, tribal harvest, and lake water quality may be the vehicles through which to achieve
the above goals. Though much improved in recent years, stretches of Mahogany Creek remain degraded
from past livestock grazing and irrigation modifications. Restoration of degraded stretches of the instream
and riparian corridor [23,65] should improve or increase habitat for the entire spawning cycle, including
spawner survival [6]. Instream remediation could include the restoration of sedimented spawning grounds
to increase the quantity and quality of redds [124]. Riparian corridor remediation, via the planting of native
vegetation [124], should decrease terrestrial and avian predation [76], reduce water temperatures via
shading [124], and increase food sources [125-126]. Next, to protect the tribe’s long-term cultural bond to
the fishery [8,65], we recommend that tribal harvest be eliminated or substantially reduced during periods
of population decline. In addition, the normal harvest level should be reevaluated. Relatively high harvest
levels in the past may have contributed to a population decline [21]. Livestock grazing was substantially
reduced in 1990 (with none since 2004). Tribal managers should continue to develop other revenue sources
to substitute for grazing permits, and should consider acquiring the last privately owned section of
shoreline, which is exposed to grazing [65-66]. These actions should create financial and physical buffers
to protect and improve water quality (i.e., minimize sedimentation and nutrient input from erosion and
waste) [127], which should in turn reduce stress and provide more energy for individual trout growth and
reproduction.

The broader management implications for the subspecies derive from considerations of life history
adaptations or traits. First, adults may be the appropriate conservation target for lake-dwelling Lahontan
cutthroat populations in desert habitats. Second, with the genetic separation between the Independence
Lake and Summit Lake populations [128], restoring Lahontan cutthroat lake systems may require that

transplants or hatchery plants be sourced from similar systems (montane or desert), which further highlights
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the need to sustain the Independence and Summit Lake populations as healthy strongholds. If, however,
the population differences are due simply to plasticity, then transplants and hatchery plants can be sourced
from any population. Regardless of whether life history adaptation or plasticity is driving the Independence
Lake and Summit Lake populations, at minimum managers may need to shift to different conservation
strategies (juvenile or adult) based on habitat (montane or desert) or climate (drought or non-drought). This
comparative study demonstrates that Lahontan cutthroat managers should be wary to apply a one size fits

all management strategy to conserve lake-dwelling Lahontan cutthroat across its disparate range.

Future research

The themes of life history adaptation vs. plasticity and climate change should fuel future research.
Disentangling whether life history adaptation or plasticity is the main driver behind the populations’
differences will require continued research at Summit Lake to make the study length comparable to the
Independence study [15] and to improve parameter estimates. In addition, better estimates can be obtained
by including more abiotic (e.g., precipitation) and biotic (e.g., density dependence) covariates and
improving the population model by applying a two-sex integrated population model (IPM) that utilizes all
available data (ex., additional PIT antenna and fish trap data) and addresses potential sex ratio bias [129-
130]. Last, additional or improved sampling techniques should be investigated to capture more juveniles
and reduce potential sampling bias [21]. For juveniles, boat electrofishing in the shallow nearshore may be
productive; and for sampling bias, more effort in the open water and the middle of the water column, so
that effort is spread away from the shoreline and lake bottom (along with different net types to accomplish
this), may prove beneficial.

How the populations will react to climate change adds another layer of complexity to the potential
population dynamics differences. Climate change is predicted to push cutthroat trout populations to cooler,
higher elevations [131], but little is known regarding how climate change will shift their population
dynamics [123]. Shifting population dynamics may have large management implications. Further, with
lakes as sentinels of climate change [132], and most cutthroat trout population dynamics research focused

on streams and rivers [Tables 3.11-3.13], research should focus on lake-dwelling cutthroat trout
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populations within a whole-lake ecological context. Lahontan cutthroat researchers and managers should
investigate how climate change will impact the whole-lake ecology and population dynamics of lake-

dwelling Lahontan cutthroat across the native range [123].
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36 Tables and figures

Table 3.1. Number of Lahontan cutthroat spawners at Independence and Summit Lakes from 1978—
2017 [15-17, email communication Nature Conservancy Independence Lake Preserve].

Year Independence Lake  Summit Lake
1978 * 1763
1979 * 2380
1980 * 2122
1981 * 1176
1982 * 756
1983 * 621
1984 * 639
1985 * 638
1986 * 996
1987 * 855
1988 * 936
1989 * 859
1990 * 718
1991 * 472
1992 * 1290
1993 * 1255
1994 * 1648
1995 * 949
1996 * 1443
1997 104 1925
1998 69 1956
1999 66 2400
2000 129 2017
2001 115 1947
2002 69 1379
2003 30 1722
2004 54 1843
2005 98 *
2006 43 *
2007 134 950
2008 164 1030
2009 176 1160
2010 237 1150
2011 * 1008
2012 181 1107
2013 178 876
2014 110 357
2015 165 269
2016 162 463
2017 * 438
Mean 120 1198
SE 57 583

*Data not collected or available.
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Table 3.2. Parameter definitions for the lake-dwelling Lahontan cutthroat stage-classified life history
and population matrix models (Figs 3.2 and 3.3, respectively) [21].

Parameter _Support Derivation  Description

e ) ha et 0 h ke per el ha spauned ()
P21 {0<pai<1}  oF ;rx];tégé\éal to Juvenile A (100 mm<Juvenile A<199
P32 {0<ps2<1} o éu:zegéli] ﬁ] ;lgg;\éal to Juvenile B (200 mm<Juvenile
e o e et
o[ ehach s T
o @ e e )
Ps.3 {0<psz<1}  @mXSs3 E”;gg;;‘/‘noi?];‘;gﬂ}{g“(‘;gfg?ggsrix)ve () and transition
I TR ek ot e e
Pss {0 < pss< 1} A X S55 Proportion that survive as spawning adults (pa) and stay

as a spawning adults (sss)

Table 3.3. Parameters estimates for the stage-classified population matrix model of Independence
Lake, California, USA.

Parameter Support Description
From Table 1*: Average fry per female: 174
fis {0,1,2...} Assume a sex ratio 1:1
Then average number recruited female Fry are 0.5 * 174 = 87
P21 {0 <p21<1} From Table 4*: Average survivorship (S) of ages 0 and 1 is 0.027
P32 {0<p32<1} From Table 4*: Average survivorship (S) of ages 1 and 2 is 0.25.
From Table 4*: Assume the survival is from age class 2 to age class 3
(Juvenile B to Spawning adult) = 0.5. From Appendix A Table 2 the
Des {0<ps<1} proportion of instances of spawners and non spawners transitioning to

Non-spawning activity is 44/122 and 7/51. Therefore, we tentatively
estimate the transition probability as 51/173 = 0.3. The transition
probability is therefore estimated as 0.5 * 0.3 = 0.15
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From Table 4*: Assume no survival difference between
Spawning and Non-spawning adults S = 0.6824. From
Appendix A Table 2 the proportion of instances of Non-
spawning adults remaining as non spawners is 0.014. There
for this transition probability is estimated as 0.68 * 0.14 =
0.1

From Table 4*: Assume the adult survival 0.68. From
Appendix A Table 2 the proportion of instances of spawners
transitioning to Non-spawning activity is 44/122 (0.36). The
transition probability is therefore estimated as 0.68 * 0.36 =
0.25

From Table 4*: Assume the survival is from age class 2 to
age class 3 (Juvenile B to Spawning adult) = 0.5. From
Appendix A Table 2 the proportion of instances of spawners
and non spawners transitioning to spawning activity is
78/122 and 44/51. Therefore, we tentatively estimate the
transition probability as 122/173 = 0.71. The transition
probability is therefore estimated as 0.5 * 0.71 = 0.35

From Table 4*: Assume the adult survival 0.68. From
Appendix A Table 2 the proportion of instances of non
spawners transitioning to Spawning activity is 44/51 (0.86).
The transition probability is therefore estimated as 0.68 *
0.86 = 0.59

From Table 4*: Assume no survival difference between
Spawning and Non-spawning adults S=0.68. From
Appendix A Table 2 the proportion of instances of
Spawning adults remaining as spawners is 0.64. There for
this transition probability is estimated as 0.68 * 0.64=0.44

*Table references are from the Appendix section of the 2006 Independence Lake population viability
analysis report [15].

Table 3.4. Summary of parameter estimates for the stage-classified (Lefkovitch) population models of
lake-dwelling Lahontan cutthroat captured at Independence and Summit Lakes, California and
Nevada, USA, 1997-2005 and 2015-2017, respectively [15, 21].

Parameter Description Independence Lake Summit Lake
fi5 Fecundity 87+2.78 0.85+0.027
P21 Fry survival 0.03+0.001 0.03+0.001
P32 Juvenile A survival 0.25+0.008 0.25+0.008
Pa3 Juvenile B to adult NSP transition ~ 0.15%0.005 0.26+0.008
Pa.a Adult NSP to NSP transition 0.10+0.003 0.53+0.017
Pas Adult SP to NSP transition 0.24+0.008 0.28+0.009
Ps.3 Juvenile B to adult SP transition 0.35+0.011 0.25+0.008
P54 Adult NSP to SP transition 0.58+0.019 0.11+0.004
Ps.5 Adult SP to SP transition 0.44+0.014 0.36+0.012

*NSP=Non-spawning stage, SP=Spawning stage.
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Table 3.5. Juvenile B (Fig. 3.2) probability rates of becoming a Spawning (ss,3) or Non-spawning (54,3)
adult (3300 mm) for lake-dwelling Lahontan cutthroat trout at Summit Lake, Nevada, USA, 2015-
2017 [21].

Year S5.,3 S4.3

2015 (n=23) 0.48 0.52
2016 (n=12) 0.67 0.33
2017 (n=34) 0.32 0.68
Mean 0.49 0.51
SE 0.18 0.18

Table 3.6. Adult (3300 mm) spawner to spawner (Ss;5) and nonspawner to spawner (ss,4) probability
estimates for lake dwelling Lahontan cutthroat trout at Independence and Summit Lakes, California
and Nevada, USA, 1997-2005 and 2015-2017, respectively [15, 21].

Lake Transition Period S5,5 S5,4
Independence 1997 - 2005 0.64 (n=122) 0.86 (n=51)
2015 - 2016 0.54 (n=46) 0.13 (n=48)
Summit 2016 - 2017 0.61 (n=175) 0.22 (n=130)
Mean 0.58 0.18
SE 0.05 0.06

Table 3.7. Results of the sensitivity analyses of the stage—classified (Lefkovitch) population models of
lake-dwelling Lahontan cutthroat captured at Independence and Summit Lakes, California and
Nevada, USA, 1997-2005 and 2015-2017, respectively [15,21].

Parameter  Description Independence Lake Summit Lake
fis Fecundity 0.002+0.000008 0.007+0.0004
P21 Fry survival 5.14+0.03 0.23+0.01
P32 Juvenile A survival 0.56+0.003 0.025+0.001
P43 Juvenile B to adult NSP transition  0.21+0.004 0.012+0.001
Paa Adult NSP to NSP transition 0.12+0.003 0.66+0.003
P45 Adult SP to NSP transition 0.30+0.01 0.29+0.002
Ps.3 Juvenile B to adult SP transition 0.31+0.011 0.013+0.001
P54 Adult NSP to SP transition 0.18+0.002 0.70+0.0007
P55 Adult SP to SP transition 0.43+0.007 0.31+0.00009

Values are percentages.

Table 3.8. Model selection results for survival (pa), population growth (2), capture (pcarture), and
recapture (c) rates of adult (=300 mm) female lake-dwelling Lahontan cutthroat captured during the
lake mark-recapture effort (n=678) at Summit Lake, Nevada, USA, 2015-2017 [21].

a Delta AlIC Model c .
Model AIC: AIC weight likelihood K Deviance
- d -
?tdﬁ(tgzj PearTuRe = C | 6505 1697 0.0000 097660  1.0000 6  6513.0704
on i Poserire, C- () | 65326321 7.4624 002340 0.0240 4 65245849

& AIC (Akaike Information Criterion) for small sample size.

b Difference between model AIC.; and model with the lowest AIC..

¢ No. of model parameters.

d (.)=rate constant across sampling periods.

AIC (Akaike Information Criterion) model selection was performed, and listed above is the only model for
which all of the parameters estimated correctly. Sex, fork length (fl), and trap depth (td) covariates were
included with linear, quadratic, and interaction terms.
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Table 3.9. Data cloning results [21].

Kk QA Model

1 0.52 Bayes: ¢a (.), pcarture and c (t), FL, n=504
2 0.55 Bayes: ¢a (.), pcapture and c (t), FL, n=1008
3 0.57 Bayes: pa (), PcAPTURE and ¢ (t), FL, n=1512
4 0.59 Bayes: pa (), PcAPTURE and ¢ (t), FL, n=2016
5 0.60 Bayes: pa (), PcAPTURE and ¢ (t), FL, n=2520
NA 0.74 MLE: ®A, PCAPTURE and ¢ (), n=504

k is the number of replicate data sets. The model(s) components are female survival (¢a), capture
(pcapture), and recapture (c) rates, and fork length (FL). The data did not include the final two primary
sampling periods (post-spawn and fall 2017). (.)=rate constant across primary periods; (t)=rate changes
across primary periods; MLE=best model in Program Mark that estimated female survival (Table 2.14);
Bayes=Bayesian model similar to MLE.

Table 3.10. Annual spawning mortality rates for lake-dwelling Lahontan cutthroat at Summit Lake,
Nevada, USA, 2015-2017 [21].

Year Mortality
2015 (n=250) 0.74
2016 (n=403) 0.48
2017 (n=423) 0.47
Mean 0.56
SE 0.15

SE=standard error.

Table 3.11. Fecundity comparison across cutthroat subspecies and systems.

Fecundity  Species System Reference

0.85 LC Summit Lake, NV Simmons [21]

15 LC Summit Lake, NV Vinyard 2000 [65]

23 BC Strawberry Reservoir, UT (Indian Creek)  Knight 1997 [75]

37 gcl_’%c’ Trappers Lake, CO (Cabin Creek) Br‘lu]mmond & MeKinney 1965
61 BC Strawberry Reservoir, UT (Trout Creek) Knight 1997 [75]

87 LC Independence Lake, CA Rissler et al. 2006 [15]

Estimates taken directly from study or calculated from data contained in study. Species abbreviations:
LC=Lahontan cutthroat (Oncorhynchus clarkii henshawi), BC=Bonneville cutthroat (Oncorhynchus clarki
utah), CC=Colorado cutthroat (Oncorhynchus clarki pleuriticus), YC=Yellowstone cutthroat
(Oncorhynchus clarkii bouvieri), HC=hybrids of CC and YC.
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Table 3.12. Juvenile survival comparison across trout species in various systems.

Survival Species  System Reference
0.09? BT South Fork Walla Wall River, OR  Al-Chokhachy & Budy 2008 [133]
0.22-0.23° BT Skiphorton Creek, OR Bowerman & Budy 2012 [134]
0.08-0.34°¢ LC Gance Creek, NV Peacock unpublished [135]
0.41-0.47° BC Logan River, UT Budy et al. 2007 [136]
0.03 -0.50¢ LC Independence Lake, CA Rissler et al. 2006 [15]
0.44-0 69 YC Spread Creek, WY Uthe et al. 2016 [137]

' ' YC Shields River, Montana Uthe et al. 2016 [137]
0.0043-0.78° LT Priest Lake, Idaho Ng et al. 2016 [138]
0.0043-0.78° LT Swan Lake, Montana Cox et al. 2013 [139]

Species abbreviations: LC=Lahontan cutthroat (Oncorhynchus clarkii henshawi), BC=Bonneville cutthroat
(Oncorhynchus clarki utah), YC=Yellowstone cutthroat (Oncorhynchus clarkii bouvieri), BT=bull trout
(Salvelinus confluentus), LT=Ilake trout (Salvelinus namaycush).
2 or 3 year old: average rate for study period.

bFirst value is 1 year old and second value is 2 year old.

°First value is fry survival and the second value is 2 year old survival.

dExcluding fry

Table 3.13. Adult survival comparison between Lahontan cutthroat (LC, Oncorhynchus clarkii
henshawi), Bonneville cutthroat (BC, Oncorhynchus clarki utah), lake trout (LT, Salvelinus
namaycush), and bull trout (BT, Salvelinus confluentus) in various systems.

Survival Species  System Reference

0.27-0.35 | LC Gance Creek, NV Peacock unpublished [135]
0.36 LC Truckee River, NV Alexiades et al. 2012 [100]
0.15-0.44 | LC Walker Lake, NV Sedinger et al. 2012 [99]
0.51 LC Summit Lake, NV This study [21]

0.54 BC Logan River, UT Budy et al. 2007 [136]
0.68 LC Independence Lake, CA Rissler et al. 2006 [15]
0.20-0.70 | BT South Fork Walla Wall River, OR Al-Chokhachy & Budy 2008 [133]
0.90 LT Yellowstone Lake, WY Syslo et al. 2011 [140]
0.69-0.91 | LT Experimental Lakes Area, Ontario, Canada Mills et al. 2002 [141]
0.92 LT Swan Lake, Montana Cox etal. 2013 [139]
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Figure 3.1. Summit Lake (Nevada, USA) and Independence Lake (California, USA), including their sole,
perennial spawning tributaries, Mahogany Creek and Independence Creek (panels A and B), respectively.

Panel A also displays the 4 sampling zones at Summit Lake.

—_ A) —>
P21 P32

f1,5

Figure 3.2. Life history model of lake dwelling Lahontan cutthroat at Independence and Summit Lakes,
California and Nevada, USA, respectively. The diagram depicts the relationships and annual transition
parameters (f15 - ps5) between the key life stages. fi s is fecundity; p..1 and ps . are the survival rates for Fry
(<100 mm) and Juvenile A (100 mm<Juvenile A<199 mm); pszand ps 3 are the transition rates for Juvenile
B (200 mm<Juvenile B<299 mm) to an age 3 yr. Non-spawning or Spawning adult; ps4 and pas are the
transition rates for Non-spawning adults (=300 mm) to remain a Non-spawning or become a Spawning
adult; and ps4and pssare the transition rates for Spawning adults (=300 mm) to remain a Spawning adult or
become a Non-spawning adult, respectively. 0<p,1_pss<landfis € {0, 1, 2...}.
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Figure 3.3. Stage-classified (Lefkovitch) population matrix model for the lake-dwelling Lahontan cutthroat
populations at Independence and Summit Lakes, California and Nevada, USA, respectively. The matrix is
constructed with the stages, relationships, and transition parameters from the cutthroat trout life history
model (Figure 3.2). fi5 is fecundity; p2.1 and ps2 are the survival rates for Fry (<100 mm) and Juvenile A
(100 mm<Juvenile A<199 mm); pa3 and pssare the transition rates for Juvenile B (200 mm<Juvenile
B<299 mm) to an age 3 yr. Non-spawning or Spawning adult; ps4and pasare the transition rates for Non-
spawning adults (=300 mm) to remain a Non-spawning or become a Spawning adult; and ps 4 and pssare
the transition rates for Spawning adults (=300 mm) to remain a Spawning adult or become a Non-spawning
adult, respectively. 0<pz1-_pss<landfis€ {0, 1, 2...}.
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Figure 3.4. Population growth rate comparison of female lake-dwelling Lahontan cutthroat at Independence
and Summit Lakes, California and Nevada, USA, 1995-2005 and 2015-2017, respectively. Each histogram
was generated from a simulation that calculated the dominant eigenvalue of the stage-classified population
matrix model (Figure 3.3), using the estimated parameter distributions (Table 3.4), for each population. The
number of simulations and the population growth rates are located on the x and y axes, respectively. The
means and standard deviations are listed below. The red vertical lines indicate the means of the histograms
[15,21].
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Figure 3.5. Annual number of Lahontan cutthroat spawners captured at the fish weir located in Upper
Independence Creek (Independence Lake, California, USA) from 1997-2016 [15-16, email correspondence
Nature Conservancy Independence Lake Preserve].
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Figure 3.6. Annual number of Lahontan cutthroat spawners captured at the Summit Lake (Nevada, USA)
fish weir on Mahogany Creek from 1978-2017, excluding 2004-2005. Data provided by the Summit Lake
Paiute Tribe [17]. Red horiztontal lines represent drought periods [26,65,70].



100

4.0 Chapter 4

MANAGEMENT RECOMMENDATIONS

The following management actions (some repeated from Chapter 3) are recommended to increase

fecundity, survival and repeat spawning of the Summit Lake population.

Continued reduction or elimination of tribal take during periods of low spawning runs. In addition,
the standard take level should be evaluated for its impact on the population’s dynamics (Chapter
3).

Continued monitoring of the spawning run to determine interannual dynamics of the population
and changes due to alterations resulting from shifts in hydroclimate regime.

Consider maintaining creek connectivity to lake to facilitate spawning during low discharge years.
Nonnative plants in the riparian vegetation, for example, may influence flows by "choking" the
stream. Additional considerations for maintaining connectivity should consider long-term changes
in the adaptability of the population to the regional climate. Further study may be needed
connecting the genetic characteristics of this specific population to the hydroclimate.

Consider restoration of degraded stretches of the instream and riparian corridor to improve or
increase habitat for the entire spawning cycle, including fry and spawner survival. Instream
remediation could include the restoration of sedimented spawning grounds to increase the quantity
and quality of redds. Riparian corridor remediation, via the planting of native vegetation, should
decrease terrestrial and avian predation, reduce water temperatures via shading, and increase food
resources (Chapter 3).

Consider discontinuing the practice of tagging so called "spent™ spawners, fish moving
downstream. Approximately 50% of postspawners tagged at the fish weir do not make it to the
lake. Survival rates of spent spawners tagged at the fish weir vs. spent spawners already tagged
should be compared. If tagging spent spawners is causing increased mortality, less stressful (and

more cost effective) practices should be considered to increase the number of tags in the system.
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Consider the development of other revenue sources to substitute for grazing permits, and acquiring
the last privately owned section of shoreline, which is exposed to grazing. These actions should
create financial and physical buffers to protect and improve water quality, which should in turn
reduce stressors and provide more energy for individual trout growth and reproduction (Chapter

3).
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5.1 Supplemental Figures: Chapter 2-Population dynamics of threatened Lahontan cutthroat trout in
Summit Lake (USA)

95% Confidence Interval

Parameter Estimate Standard Error Lower Upper
N: 305 47 231 420
N, 560 87 421 767
N3 1515 258 1093 2121
N, 285 55 199 421
Ns 476 83 343 676
N 1321 229 948 1861
N7 530 91 384 748
N3 565 91 418 783
0 () 0.77 0.03 0.71 0.82
2 () 1.035 0.009 1.02 1.05
Pcapture (+) 0.04 0.007 0.03 0.06
c() 0.03 0.004 0.02 0.04

Abundance (Ny), and survival (pa), population growth (1), capture (pcarture), and recapture (c) rate
estimates for the top AIC (Akaike Information Criterion) model of adult (=300 mm) female lake-dwelling
Lahontan cutthroat captured during the lake mark-recapture experiment (n=678) at Summit Lake, Nevada,
US, 2015-2017 (Table 2.14). The numbers in the parameter names (ex. N1) indicate the seven primary
sampling periods in chronological order, and (.) indicates the parameter is constant across the primary

sampling periods.

Period

Relative Growth Rate (%)

Absolute Growth Rate (mm)

Spring 15-Fall 15 (n=14)
Fall 15-Spring 16 (n=59)
Spring 16—Fall 16 (n=16)
Fall 16-Spring 17 (n=20)

13.67 (14.62)
4.29 (5.51)
11.76 (7.26)
8.76 (10.61)

54.77 (53.06)
19.47 (22.33)
56.22 (33.04)
30.03 (30.73)

Annual (n=38)

16.77 (13.98)

72.90 (52.22)

Means and standard deviations (in parenthesis) of the seasonal and annual growth rates (fork length) of
lake-dwelling Lahontan cutthroat captured at Summit Lake, Nevada, US, during the lake mark recapture
experiment, 2015-2017. The Annual category consists of any annual period within 2015-2017 lake

sampling periods.
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Comparison of the estimated annual spawning run numbers and the adult (=300 mm) female abundance of
lake-dwelling Lahontan cutthroat at Summit Lake, NV, US, 2015-2017. For each year, the spawning run
estimates were derived from applying the proportion of tagged vs. non-tagged individuals captured at the
Mahogany Creek fish trap to the number of tagged individuals detected at the PIT (Passive Integrated
Transponder) detection array located near the mouth of Mahogany Creek (Table 2.6). The abundance
estimates were derived from the top AIC (Akaike Information Criterion) model of the lake mark-recapture
experiment (n=678) (Table 2.14). The spawning run and abundance estimates, and primary sampling
periods, are located on the x and y axes, respectively. Only three values for the spawning run estimates
because the spawning run occurs once a year during the spring. The error bars are 95% profile likelihood
confidence intervals. The estimated spawning runs do not have error bars because they were derived from
the proportional relationship described above.
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Comparison of the MLE (Program Mark) and Bayesian (R, JAGS) adult (=300 mm) female abundance
estimates of lake-dwelling Lahontan cutthroat at Summit Lake, NV, US, 2015-2017. The MLE estimates
were derived from the top AIC (Akaike Information Criterion) model of the lake mark-recapture (n=678)
experiment (Table 2.14). The Bayesian estimates were derived from the same data and model (Table 2.15).
The estimates and primary sampling periods are located on the x and y axes, respectively. The error bars
are the 95% profile likelihood confidence intervals and 95% quantiles for the MLE and Bayesian estimates,
respectively.
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Sampling zones (left) and the net sets (right) from the fall 2015 sampling.
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5.2 Fry trap design

The fry trap had 3 main components: two wings, a tunnel, and a holding tank. The wings were
made of fine plastic mesh. One wing was attached to each side of the holding tank and extended to the
shoreline on that side. The wings (and tank) covered the entire width and depth of the creek to assure that
all migrating young entered the trap. The tunnel was a long plastic cylinder pipe with one end pointed
upstream and the other end joined to the inside of the tank. Downstream flow entered the upstream end of
the pipe end and flowed into the holding tank. The holding tank was a large square plastic box with mesh
panels and holes on the sides that kept the water flowing downstream and prevented the fish inside from
escape. The young entered the upstream end of the pipe and remained in the holding tank until processed.

5.3 Fyke net design and positioning

From front to back, the fyke (trap) nets were composed of a leader, throat, and hoop net. One end
of the leader (4 ft high, 100 ft. long) was attached to the center front of the throat and the other end could be
staked or anchored to hold it stationary. The nylon mesh leader hung vertically in the water column due to
wooden floats on the top line and a lead core in the bottom line. The leader’s purpose was to intercept and
direct fish into the throat. The nylon mesh covered throat was an open rectangular section (4ft high x 6ft
wide x 2 ft deep) framed by two consecutive rectangles of hollow metal pipe. The throat directed the fish
into the hoop net. The nylon mesh covered hoop net consisted of five consecutive metal hoops with internal
mesh funnels that directed the fish to a holding area (pot) in the back of the net. The fish remained in the
pot until the net was pulled. During spring samplings, we staked the wing end to the shore. But during fall
samplings, due to heavy nearshore vegetation, we attached an anchor to the wing end and lowered the
anchor into the lake as close to the edge of the vegetation as possible. In both cases we pulled the net into
the lake with the wing set perpendicular to shoreline to intercept Lahontan cutthroat.

5.4 R code for population growth rate and sensitivity analyses

###lambda (pop growth rate) distribution. random sample from posterior distribution for phi.
###store samples. input into phi samples into stage-structure matrix to calculate to
##adding fecundity into simulation, 12/12/17.

###libraries
library(popbio)
library(lattice)
HH

#it#sample from independence fry survival distribution
sample <- rnorm (10000,0,1)
n<-10000

sampleif<-numeric(n)
for (i in 1:n){

sampleifi] <- 0.0273 + (sample[i]*0.0009)
}

##sample from Indepedence fecundity
sampleindfec<-numeric(n)
for (i in 1:n){

sampleindfec[i] <- 87 + (sample[i]*2.784)



##sample from independence juvenileA survival distribution
sampleja<-numeric(n)
for (i in 1:n){

sampleja[i] <- 0.2502 + (sample[i]*0.008)

#it#isample from independence juvenileB survival distribution
samplea<-numeric(n)
for (i in 1:n){

samplea]i] <- 0.5004 + (sample[i]*0.016)

##sample from independence juvenile spawn transition
sampleb<-numeric(n)
for (i in 1:n){
sampleb[i] <- 0.7 + (sample[i]*0.022)
}

#it#sample from independence juvenile nonspawn transition
samplec<-numeric(n)
for (i in 1:n){
samplecli] <- 0.3 + (sample[i]*0.001)
}

###sample from independence adult survival
sampled<-numeric(n)
for (i in 1:n){
sampled[i] <- 0.68 + (sample[i]*0.022)
}

#it#sample from independence adult sp-sp transition
samplee<-numeric(n)
for (i in 1:n){

samplee[i] <- 0.64 + (sample[i]*0.02)

###sample from independence adult sp-nsp transition
samplef<-numeric(n)
for (i in 1:n){

samplefi] <- 0.36 + (sample[i]*0.012)

#it#sample from independence adult nsp-sp transition
sampleg<-numeric(n)
for (i in 1:n){

sampleg[i] <- 0.86 + (sample[i]*0.028)

###sample from independence adult nsp-nsp transition
sampleh<-numeric(n)
for (i in 1:n){
sampleh[i] <- 0.14 + (sample[i]*0.004)
}
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##tsample from summit fry survival distribution
sampleif<-numeric(n)
for (i in 1:n){
sampleiffi] <- 0.0273 + (sample[i]*0.0009)
}

##tsample from summit fecundity
samplesumfec<-numeric(n)
for (i in 1:n){

samplesumfec(i] <- 0.85 + (sample[i]*0.027)

##sample from summit juvenilea survival distribution
sampleja<-numeric(n)
for (i in 1:n){

sampleja[i] <- 0.2502 + (sample[i]*0.008)

#it#tsample from summit juvenileb survival distribution
samplei<-numeric(n)
for (i in 1:n){
samplei[i] <- 0.5004 + (sample[i]*0.016)
}

#it#sample from summit juvenile spawn transition
samplej<-numeric(n)
for (i in 1:n){

samplej[i] <- 0.49 + (sample[i]*0.016)

###sample from summit juvenile nonspawn transition
samplek<-numeric(n)
for (i in 1:n){
samplek[i] <- 0.51 + (sample[i]*0.016)
}

#it#sample from summit adult survival
samplel<-numeric(n)
for (i in 1:n){

samplel[i] <- 0.51 + (sample[i]*0.016)

###sample from summit adult sp-sp transition
samplem<-numeric(n)
for (i in 1:n){
samplem[i] <- 0.58 + (sample[i]*0.019)
}

##tsample from summit adult sp-nsp transition
sampleo<-numeric(n)
for (i in 1:n){

sampleo[i] <- 0.42 + (sample[i]*0.013)
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}

##tsample from summit adult nsp-sp transition
samplep<-numeric(n)
for (i in 1:n){

samplep[i] <- 0.18 + (sample[i]*0.006)

###tsample from summit adult nsp-nsp transition
sampleg<-numeric(n)
for (i in 1:n){

sampleq[i] <- 0.82 + (sample[i]*0.026)

###input phi posterior samples into popbio code to generate the sampling distribution of lambdas
#t#Independence LCT Eigenvalues

n<-10000

dlambda <-numeric(n)

for(i in 1:n){

A<-
matrix(c(0,0,0,0,sampleindfec[i],sampleif]i],0,0,0,0,0,sampleja[i],0,0,0,0,0,(samplea[i]*samplec[i]),(sample
d[i]*sampleh[i]),(sampled[i]*samplef[i]),0,0,(samplea[i]*samplebli]),(sampled[i]*sampleg[i]),(sampled[i]*
samplee[i])), nrow=5, byrow=>5)

dlambda[i] <- lambda(A)

}

#dlambda
mean(dlambda)
sd(dlambda)

###input samples into popbio code to generate the sampling distribution of lambdas
##Summit LCT Eigenvalues

n<-10000

dlambdal <-numeric(n)

for(i in 1:n){

A2<-
matrix(c(0,0,0,0,samplesumfec]i],sampleif]i],0,0,0,0,0,sampleja[i],0,0,0,0,0,(samplei[i]*samplek[i]),(sampl
el[i]*sampleq[i]),(samplel[i]*sampleo]i]),0,0,(samplei[i]*samplej[i]),(samplel[i]*samplep[i]),(samplel[i]*s
amplem[i])), nrow=>5, byrow=>5)

dlambdall[i] <- lambda(A2)

}

#dlambdal
mean(dlambdal)
sd(dlambdal)

HHHHHH AR A R sensitivity test
##Summit

n<-10000

sensl <- numeric(n)

sens2 <- numeric(n)

sens3 <- numeric(n)

sens4 <- numeric(n)

sens5 <- numeric(n)



sens6 <- numeric(n)
sens7 <- numeric(n)
sens8 <- numeric(n)
sens9 <- numeric(n)
for(i in 1:n){

Asens <-
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matrix(c(0,0,0,0,samplesumfec][i],sampleif]i],0,0,0,0,0,sampleja[i],0,0,0,0,0,(samplei[i]*samplek]i]),(sampl
el[i]*sampleq[i]),(samplel[i]*sampleo[i]),0,0,(samplei[i]*samplej[i]),(samplel[i]*samplep[i]),(samplel[i]*s

amplem[i])), nrow=>5, byrow=>5)
sens <- sensitivity(Asens)

sensl[i] <- sens[1,5]
sens2[i] <- sens[2,1]
sens3[i] <- sens[3,2]
sens4[i] <- sens[4,3]
sens5[i] <- sens[4,4]
sens6[i] <- sens[4,5]
sens7[i] <- sens[5,3]
sens8[i] <- sens[5,4]
sens9[i] <- sens[5,5]

}

#sensl

mean(sensl)

sd(sensl)

hist(sensl)

mean(sens2)

sd(sens2)

hist(sens2)

mean(sens3)

sd(sens3)

hist(sens3)

mean(sens4)

sd(sens4)

hist(sens4)

mean(sensb)

sd(sensb)

hist(sensb)

mean(sens6)

sd(sens6)

hist(sens6)

mean(sens7)

sd(sens7)

hist(sens7)

mean(sens8)

sd(sens8)

hist(sens8)

mean(sens9)

sd(sens9)

hist(sens9)

##tsensitivity test
##Independence
n<-10000

sensla <- numeric(n)
sens2a <- numeric(n)



sens3a <- numeric(n)
sensda <- numeric(n)
sensba <- numeric(n)
sens6a <- numeric(n)
sens7a <- numeric(n)
sens8a <- numeric(n)
sens9a <- numeric(n)
for(i in 1:n){
Asensl <-
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matrix(c(0,0,0,0,sampleindfec[i],sampleif]i],0,0,0,0,0,sampleja[i],0,0,0,0,0,(samplea[i]*samplec[i]),(sample
d[i]*sampleh[i]),(sampled[i]*samplef[i]),0,0,(samplea[i]*sampleb[i]),(sampled[i]*sampleg[i]),(sampled[i]*

samplee[i])), nrow=5, byrow=5)
sensa <- sensitivity(Asensl)

senslali] <- sensa[1,5]
sens2ali] <- sensa[2,1]
sens3a[i] <- sensa[3,2]
sens4ali] <- sensa[4,3]
sens5ali] <- sensa[4,4]
sens6a[i] <- sensa[4,5]
sens7a[i] <- sensa[5,3]
sens8al[i] <- sensa[5,4]
sens9a[i] <- sensa[5,5]

}

#sensla

mean(sensla)

sd(sensla)

hist(sensla)

mean(sens2a)

sd(sens2a)

hist(sens2a)

mean(sens3a)

sd(sens3a)

hist(sens3a)

mean(sens4a)

sd(sens4a)

hist(sens4a)

mean(sensba)

sd(sens5a)

hist(sensba)

mean(sens6a)

sd(sens6a)

hist(sens6a)

mean(sens7a)

sd(sens7a)

hist(sens7a)

mean(sens8a)

sd(sens8a)

hist(sens8a)

mean(sens9a)

sd(sens9a)

hist(sens9a)

HiHHHH
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hist(dlambda, xlab="Population growth rate", ylab = "No. of Simulations", col="gray70",

main="" xlim=c(0,1.25), ylim=c(0,5000))

hist(dlambdal, add=TRUE,col="gray90")

abline(v=mean(dlambda), col="red",lwd=2)

abline(v=mean(dlambdal), col="red", lwd=2)

legend(0,5000,legend=c("Independence Lake", "Summit Lake"), fill=c("gray70","gray90"), cex=0.8)

5.5 R code for Bayesian survival model

###Bayesian Robust Design, no covariates, females only, primary intervals, and p and ¢ constant, using
JAGS, Fall 17.

##Hset working directory

setwd("~/UNR/Masters/Summit/Project DB/Data/Prad RD GOF/Files for Bayesain 3D capture history
array/Fall 17 Capture Histories-Mark-Bayesian/Females")

it

###1_oad packages
library(R2jags)
library(coda)
library(abind)
library(fda)

it

H#iHHHHHFIrst time capture for primary and sub periods
###first time capture for primaries
Ictcap <- read.csv("SummitPrimaryg.csv", header=TRUE)
unigueNames <- unique(lctcap$PIT)
nan <- length(uniqgueNames)
CHList <- list()
firsts <- numeric(nan)
for(i in 1:nan){
eval(parse(text=sprintf("CHLIist3PIT%s <- subset(Ictcap,P1T==uniqueNames][i])",uniqueNames][i])))
}
for(ind in 1:nan){
df <- CHList[[ind]]
for(obs in 1:nrow(df)){ # loop through by observation..
thisObs <- dffobs,]
thisPeriod <- which(1==thisObs)

if(obs==1){ # if this is the first capture
firsts[ind] <- thisPeriod # record period of first capture
}
}
}

####first time sub capture for each primary
firstpc<-read.csv("firstsubp-c.csv",header=TRUE)
firstpcl<-as.matrix(firstpc)
first<-read.csv("firstsubc.csv",header=TRUE)
firstl<-as.matrix(first)
subfirst<-as.numeric(first1[,2])
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firsts2 <- firsts-1
Hitt

###number of subs for each primary
prim <- ¢(8,6,2,4,4,2,4,5)

nss <- array(prim, dim=c(8))

HiH

##tinterval periods inbetween each primary period
int<-¢(2,2,1,2,2,1,2)
it

###3d capture history array

summitsubla <-read.csv("SummitSubld.csv",header=TRUE)
summitsub2a <-read.csv("SummitSub2d.csv",header=TRUE)
summitsub3a <-read.csv("SummitSub3d.csv",header=TRUE)
summitsub4a <-read.csv("SummitSub4d.csv",header=TRUE)
summitsub5a <-read.csv("SummitSub5d.csv",header=TRUE)
summitsub6a <-read.csv("SummitSub6éd.csv",header=TRUE)
summitsub7a <-read.csv("SummitSub7d.csv",header=TRUE)
summitsub8a <-read.csv("SummitSub8d.csv",header=TRUE)

summitsublc <- as.matrix(summitsubla)
summitsub2c <- as.matrix(summitsub2a)
summitsub3c <- as.matrix(summitsub3a)
summitsub4c <- as.matrix(summitsub4a)
summitsub5c¢ <- as.matrix(summitsub5a)
summitsub6c <- as.matrix(summitsub6a)
summitsub7c <- as.matrix(summitsub7a)
summitsub8c¢ <- as.matrix(summitsub8a)

caphist <-
abind(summitsublc,summitsub2c,summitsub3c,summitsub4c,summitsub5c,summitsub6c,summitsub7c,su
mmitsub8c, along=3)

###2D primary period capture history

primcap <- read.csv(""'SummitPrimaryh.csv",header = TRUE)
ch2 <- as.matrix(primcap,dim=c(678,8))
ch2d <-as.array(ch2)

###Covariate data

#cov.data <- read.csv("Fall17caphistfemalescovs.csv"”,header = TRUE)
#fleff <- as.vector(cov.data$FL)

#trapeff <- as.vector(cov.data$Trap)

it
sink("SummitRobustDesign4.text™)
cat("

model{

HEHHBHHH
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##Robust Design (CJS) Model
HHHHHHHHHHHHHHH T

HEHHHHHHHEHEHE
##Survival
HHHHHHHHHEHEHE

for(i in 1:nan){
phi[i] <- phi0

HEHHHHEHEHHHHEHEH
##L atent variable: alive or dead
HEHHHHEHEHHHHEHE

for(i in 1:nan){
for(t in 1:(pfirst[i]-1)){
alive[i,t] ~ dbern(1)

}

for (i in 1:nan){
alive[i,pfirst[i]] ~ dbern(1)
for (tin (pfirst[i]+1):np){
transition[i,t] <- pow(phi[i],int[t-1])
alive.prob[i,t] <- alive[i,(t-1)]*transition[i,t]
alive[i,t] ~ dbern(alive.prob[i,t])
}
}

HHHHHHHEHHH T

##OBSERVATION MODEL (actual data likelihood)

HURTHHHH R

# use the year/season of first capture to help refine p estimates. p and ¢ constant.

for(i in 1:nan){
for(tin 1:np){
p[i,t] <- p0
c[i,t] <-c0
}
}

for(i in 1:nan){
for(j in (subfirst[i]+1):nss[pfirst[i]]){
ca[i,pfirst[i],j] <- c[i,pfirst[i]]
muy/[i,pfirst[i],j] <- alive[i,pfirst[i]]*c1[i,pfirst[i],j]
yli,pfirst[i],j] ~ dbern(muy[i,pfirst[i],j])
}

¥

for(i in L:nan){
for(t in (pfirst[i]+1):np){
for(j in 1:nss[t]){
p1[it,j] <- ((1 - step(j - firstpcd[i,t]-1))*p[i,t]) + (step(j - firstpcl[i,t]-1)*c[i t])
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muy[i,t,j] <- alive[i,*p1[i,tj]
yi.t,j] ~ dbern(muy[i,t,il)

HHHHHHH T

##Derived Quantities: N; CALCULATE ABUNDANCE USING HORVITZ-THOMPSON
ESTIMATOR

HEHHHHRHHR R

for(i in 1:nan){
for (tin 1:np){
p.prim.ncap[it,1] <- (1 - p[i,t]) #formula for never capturing an individual
for(j in 2:nss[t]){
p.prim.ncap[i,t,j] <- p.prim.ncap[i,t,j-1]*(1 - p[i,t])

pcap[i,t] <- 1 - p.prim.ncapli,t,nss[t]]  # pcap refers to the prob of being captured at least once for
entire 3-day period
inv.p[i,t] <- 1/pcapli,t] #for H-T estimator
}
}

for(tin 2:np){
N[t] <- inprod(inv.p[1:nan,t],ch2d[1:nan,t])

HHHHHHEHEHHHEHHE T
##Model Priors
HHHHHHEHEHHHEHHE T

phi0~dunif(.6,.95) #survival
pO~dunif(.01,.1) #capture
c0~dunif(.01,.1) #recapture

}
")
sink()

###model data - in list form
rd.data.for.bugs<-list(
nan = nan,
np =8,
nss = as.vector(nss),
pfirst = as.vector(firsts2),
firstpcl = firstpcl,
subfirst = subfirst,
y = caphist,
ch2d = ch2d,
#fleff = fleff,
int = int
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)

it
#Z <- array(1,dim=c(504,7))
#i#t#Initial parameter values
rd.init.vals.for.bugs <- function(){
rd.init.list <- list(
phi0O=runif(1,.60,.95),
pO=runif(1,.01,.1),
cO0=runif(1,.01,.1)
#FLEff=runif(1,0,.1)
#alive=Z

return(rd.init.list)

}

###Parameters

rd.params.to.store <- c("phi0","p0","c0","N")

Hi

rd.jags.fit <-
jags(data=rd.data.for.bugs,inits=rd.init.vals.for.bugs,parameters.to.save=rd.params.to.store,n.iter=25000,m
odel.file="SummitRobustDesign4.text",n.chains = 3,n.burnin = 5000)

rd.jagsfit. mcmc <- as.mcmc(rd.jags.fit) # convert to "MCMC" object (coda package)
summary(rd.jagsfit.mcmc)

gelman.diag(rd.jagsfit.mcmc)

plot(rd.jagsfit. mcmc[,"phi0"])

plot(rd.jagsfit.mcmc[,"p0"])

plot(rd.jagsfit.mcmc[,"c0"])

plot(rd.jagsfit.mcmc[,"N"])

densityplot(rd.jagsfit. mcmc)

DIC <- rd.jags.fit$BUGSoutput$DIC
DIC

#H#HEN of model

5.6 Trap net set data

Mesh size  Trap Depth

GPS coordinates** or Location Zone (inches) (ft) Set Date/Time Pull Date/Time
HeatherGpsGarminWaypoint 16 * * 5 3/4/2015 17:15 3/5/2015 18:20
Near boat dock 1 * 5 3/10/2015 11:00  3/10/2015 13:50

By boat dock 1 * 5 3/11/2015 10:00  3/11/2015 14:30



Boat dock
West of boat dock

Across Mahogany Bay from dock

East of boat dock
20 m left of dock
11T0327561 4599307
East of boat dock
11T0328541 4598195

*
*
*
1170328546 4598195
*
11T0327596 4599154
1170328546 4598195

Mahogany Bay "Boat Dock 2015"

1170327670 4599202
1170328535 4598158
1170328533 4598157
11T0327249 4598860
1170327582 4596285
11T0327577 4599530
1170327577 4599530
11T0327182 4598577
1170327577 4599530
11T0327178 4598579
1170327577 4599530
11T0327861 4596358
1170327861 4596358
11T0328224 4596224
11T0327861 4596358
11T0328224 4596224
1170327861 4596358
11T0327891 4598311
1170328060 4596751
11T0327992 4598464
1170327656 4598354
11T0327992 4598464
1170328207 4598189
11T0327656 4598354
1170328520 4598589
11T0328470 4596400
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3/12/2015 9:30
3/18/2015 10:27
3/19/2015 10:20
3/27/2015 10:00
3/28/2015 9:05
3/28/2015 16:15
4/3/2015 12:10
4/4/2015 10:40
4/6/2015 16:15
4/7/2015 10:48
4/9/2015 7:50
4/10/2015 13:25
4/10/2015 13:40
4/11/2015 14:30
4/11/2015 14:50
4/15/2015 14:37
4/17/2015 15:00
4/17/2015 15:20
4/18/2015 14:54
4/18/2015 15:42
4/19/2015 9:39
4/19/2015 10:37
4/20/2015 6:45
4/20/2015 7:00
4/20/2015 14:15
4/20/2015 14:44
4/21/2015 9:11
4/21/2015 9:40
4/21/2015 14:35
4/22/2015 9:05
4/22/2015 9:15
4/22/2015 14:00
4/22/2015 14:30
4/25/2015 9:10
4/25/2015 9:38
4/27/2015 14:00
4/28/2015 14:40
4/28/2015 14:50
4/29/2015 13:30
4/29/2015 13:50
4/29/2015 15:00
5/1/2015 15:46
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3/12/2015 12:00
3/18/2015 15:50
3/19/2015 14:30
3/27/2015 15:05
3/28/2015 12:45
3/29/2015 9:00
4/3/2015 15:00
4/4/2015 15:16
4/7/2015 9:45
4/8/2015 13:15
4/9/2015 12:30
4/11/2015 9:30
4/11/2015 11:00
4/12/2015 9:25
4/12/2015 10:50
4/15/2015 16:10
4/18/2015 9:00
4/18/2015 10:15
4/19/2015 8:45
4/19/2015 9:50
4/19/2015 14:20
4/19/2015 15:10
4/20/2015 14:15
4/20/2015 14:44
4/21/2015 8:40
4/21/2015 9:20
4/21/2015 13:55
4/21/2015 14:35
4/22/2015 9:15
4/22/2015 14:00
4/22/2015 14:30
4/23/2015 14:25
4/23/2015 14:58
4/26/2015 8:10
4/26/2015 9:45
4/28/2015 14:50
4/29/2015 13:49
4/29/2015 14:16
4/30/2015 13:40
4/30/2015 13:38
4/30/2015 14:30
5/2/2015 8:30



11T0327363 4599421
11T0327860 4596487
1170327449 4599110
11T0327640 4598732
1170328060 4596882
1170328060 4596882
1170327237 4598802
11T0327604 4599167
1170327238 4598800
11T0327287 4597743
11T0327365 4599428
1170328689 4598307
1170327318 4597240
11T0327583 4599515
1170328117 4598006
1170328455 4598121
1170327370 4599416
11T0327370 4597297
1170328537 4598602
11T0327578 4599525
1170327249 4598860
11T0327596 4599154
11T0327368 4599421
11T0327718 4599262
11T0327379 4599245
11T0327564 4599416
11T0327635 4598740
1170328503 4598194
11T0327824 4596424
1170328503 4598194
11T0327824 4596424
11T0327589 4598865
1170328160 4597564
11T0327574 4597416
1170328503 4598194
11T0327544 4599147
1170327507 4597278
11T0328278 4596213
1170328426 4598192
1170328000 4597131
1170327576 4598953
11T0327295 4598557
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*
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5/1/2015 16:04
5/2/2015 9:10
5/2/2015 10:15
5/2/2015 10:49
5/3/2015 8:52
5/3/2015 8:52
5/3/2015 10:34
5/9/2015 9:00
5/9/2015 9:15
5/9/2015 9:30
5/10/2015 9:59
5/10/2015 10:30
5/10/2015 11:10
5/15/2015 11:38
5/17/2015 9:02
5/17/2015 9:15
5/17/2015 9:35
5/18/2015 8:00
5/18/2015 8:45
5/18/2015 9:45
5/19/2015 9:21
5/19/2015 9:29
5/19/2015 10:27
5/20/2015 9:20
5/20/2015 10:14
5/20/2015 11:13
5/20/2015 11:38
10/5/2015 17:00
10/5/2015 17:15
10/6/2015 10:40
10/6/2015 11:40
10/6/2015 16:52
10/6/2015 17:00
10/6/2015 17:13
10/6/2015 17:40
10/7/2015 10:30
10/7/2015 11:15
10/7/2015 11:50
10/7/2015 12:12
10/7/2015 12:15
10/13/2015 15:10
10/13/2015 15:25
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5/2/2015 9:30
5/3/2015 8:00
5/3/2015 9:50
5/3/2015 9:00
5/4/2015 7:35
5/4/2015 7:35
5/4/2015 8:05
5/10/2015 8:00
5/10/2015 10:07
5/10/2015 10:40
5/11/2015 8:00
5/11/2015 6:50
5/11/2015 7:20
5/16/2015 10:30
5/18/2015 7:45
5/18/2015 8:10
5/18/2015 9:02
5/19/2015 8:38
5/19/2015 9:00
5/19/2015 9:40
5/20/2015 11:28
5/20/2015 9:40
5/20/2015 10:25
5/21/2015 7:57
5/21/2015 8:40
5/21/2015 8:16
5/21/2015 9:00
10/6/2015 10:34
10/6/2015 11:30
10/6/2015 17:35
10/7/2015 10:30
10/7/2015 9:35
10/7/2015 10:20
10/7/2015 10:40
10/7/2015 11:25
10/8/2015 8:15
10/8/2015 9:15
10/8/2015 8:15
10/8/2015 9:10
10/8/2015 8:57
10/14/2015 8:50
10/14/2015 9:40



11T0328143 4598279
11T0327984 4596767
11T0327777 4596486
1170327521 4599083
1170327578 4598497
1170328533 4598276
1170328366 4596772
1170328357 4596633
1170328270 4598654
1170328144 4598243
1170327491 4599175
11T0327476 4598842
1170328393 4596571
1170328370 4596500
1170328482 4598210
1170328205 4597555
1170327622 4597503
1170327593 4599019
1170328318 4596402
11T0327563 4598445
1170327649 4598938
11T0327460 4597825
1170328052 4597256
11T0327868 4596428
11T0327516 4598916
1170328150 4598460
1170328342 4596650
1170328120 4597758
1170327938 4596884
11T0328306 4598179
1170327589 4598720
11T0327656 4598899
1170328089 4596283
1170328204 4597499
1170328562 4598269
11T0328426 4598183
1170327513 4599130
11T0328134 4596430
1170328143 4598467
11T0328390 4596403
1170328002 4596677
11T0327768 4596521
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11

10
27
20

16
16
31
13
11
16
23
17

10

15
19

14
12

34

10/13/2015 15:36
10/13/2015 16:08
10/13/2015 16:20
10/14/2015 9:30
10/14/2015 9:55
10/14/2015 10:45
10/14/2015 11:58
10/14/2015 12:48
10/15/2015 8:27
10/15/2015 9:19
10/15/2015 10:25
10/15/2015 11:25
10/15/2015 12:55
10/15/2015 14:06
10/16/2015 8:51
10/16/2015 9:35
10/16/2015 10:45
10/16/2015 15:05
10/16/2015 16:04
10/16/2015 17:07
10/17/2015 9:56
10/17/2015 10:23
10/17/2015 11:36
10/17/2015 12:15
10/17/2015 15:26
10/17/2015 16:18
10/18/2015 8:40
10/18/2015 9:29
10/18/2015 9:52
10/18/2015 11:04
10/18/2015 12:20
10/18/2015 13:00
10/19/2015 8:15
10/19/2015 8:40
10/19/2015 9:00
10/19/2015 9:40
10/19/2015 10:00
10/19/2015 14:30
10/19/2015 16:15
10/20/2015 8:48
10/20/2015 9:38
10/20/2015 10:42
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10/14/2015 10:06
10/14/2015 11:15
10/14/2015 12:15
10/15/2015 9:30
10/15/2015 10:35
10/15/2015 8:35
10/15/2015 12:20
10/15/2015 11:37
10/16/2015 8:00
10/16/2015 8:55
10/16/2015 9:47
10/16/2015 14:30
10/16/2015 16:15
10/16/2015 15:35
10/17/2015 8:50
10/17/2015 10:57
10/17/2015 10:10
10/17/2015 14:41
10/17/2015 11:50
10/17/2015 15:35
10/18/2015 11:15
10/18/2015 12:30
10/18/2015 9:35
10/18/2015 8:09
10/18/2015 8:55
10/18/2015 10:21
10/19/2015 8:08
10/19/2015 8:45
10/19/2015 8:30
10/19/2015 9:10
10/19/2015 10:45
10/19/2015 10:00
10/20/2015 8:10
10/20/2015 10:00
10/19/2015 15:30
10/20/2015 11:00
10/20/2015 13:50
10/20/2015 9:00
10/20/2015 13:00
10/21/2015 9:00
10/21/2015 10:15
10/21/2015 10:25



11T0328466 4598437
11T0327538 4597084
1170327488 4599213
1170328363 4596667
11T0327748 4596430
1170328496 4598202
1170327523 4599240
1170328417 4596429
1170327932 4596418
1170327623 4596319
1170327601 4597087
1170328494 4598414
1170327521 4599200
1170328270 4596377
1170328040 4598047
11T0327416 4598039
1170327670 4598914
11T0327985 4596861
1170328401 4598200
11T0328047 4596446
1170328370 4598505
11T0328359 4596577
1170328006 4596720
11T0327607 4597258
1170328334 4598166
11T0327491 4599227
1170328571 4598269
1170328280 4596242
1170328200 4597484
11T0327814 4597456
1170328409 4598188
11T0327532 4599118
1170328571 4598269
1170328479 4598373
1170328402 4596429
1170328203 4597608
1170327786 4596514
11T0327520 4598412
1170327468 4597809
11T0328555 4598357
1170328177 4596418
11T0327547 4597294
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16
19

30
10
14

14
11
12

11

20
10

22
15
30

13
23
32
21
15

12
14

10/20/2015 11:52
10/20/2015 13:30
10/20/2015 14:25
10/21/2015 10:02
10/21/2015 11:00
10/21/2015 12:23
10/21/2015 16:26
10/26/2015 14:25
10/26/2015 14:37
10/26/2015 15:02
10/26/2015 15:43
10/26/2015 16:00
10/26/2015 16:15
10/27/2015 9:04
10/27/2015 9:32
10/27/2015 10:23
10/27/2015 11:05
10/27/2015 12:10
10/27/2015 13:25
10/28/2015 8:43
10/28/2015 9:19
11/2/2015 16:05
11/2/2015 16:18
11/2/2015 16:30
11/2/2015 16:45
11/2/2015 17:00
11/3/2015 10:00
11/3/2015 11:05
11/3/2015 11:35
11/3/2015 12:18
11/3/2015 13:35
11/3/2015 14:00
11/4/2015 9:15
11/4/2015 9:50
11/4/2015 10:35
11/4/2015 11:25
11/4/2015 12:00
11/4/2015 12:40
11/5/2015 9:21
11/5/2015 10:10
11/5/2015 11:36
11/5/2015 12:02
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10/21/2015 11:35
10/21/2015 13:30
10/21/2015 14:35
10/21/2015 16:00
10/22/2015 8:00
10/22/2015 9:05
10/22/2015 9:45
10/27/2015 8:20
10/27/2015 9:13
10/27/2015 9:45
10/27/2015 10:35
10/27/2015 13:10
10/27/2015 11:25
10/28/2015 8:05
10/28/2015 8:55
10/28/2015 9:25
10/28/2015 10:15
10/28/2015 11:15
10/28/2015 11:30
10/28/2015 13:00
10/28/2015 13:25
11/3/2015 10:17
11/3/2015 11:15
11/3/2015 11:50
11/3/2015 13:20
11/3/2015 13:50
11/4/2015 9:10
11/4/2015 10:05
11/4/2015 10:45
11/4/2015 11:35
11/4/2015 9:45
11/4/2015 12:25
11/5/2015 9:00
11/5/2015 9:35
11/5/2015 10:24
11/5/2015 11:45
11/5/2015 13:10
11/5/2015 14:00
11/6/2015 9:02
11/5/2015 14:45
11/5/2015 15:10
11/6/2015 9:45



11T0327903 4598228
11T0327268 4598562
1170328411 4598321
11T0328347 4596643
1170327492 4599284
11T0327702 4596826
1170328330 4596391
1170328114 4598287
1170328502 4598232
11T0327535 4598879
1170327781 4598287
1170328006 4597138
1170328092 4596413
11T0327848 4596430
1170328299 4598210
11T0327449 4598725
1170328028 4598293
11T0327589 4598316
1170328166 4596319
11T0327586 4597859
1170328411 4598429
11T0327532 4599182
1170328119 4597532
11T0327526 4599300
1170328452 4598175
11T0327520 4597076
1170328440 4596420
11T0327502 4599114
1170328692 4598333
11T0327559 4597753
1170328064 4596799
11T0327984 4596445
11T0327376 4598679
11T0327570 4598840
1170328311 4596613
11T0327712 4598907
1170327585 4599191
11T0327704 4598200
1170328535 4598551
11T0327464 4597280
1170328249 4596428
11T0327351 4598805
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lin
lin
5in
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5in
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33
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18
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11/5/2015 13:42
11/5/2015 14:30
11/5/2015 14:57
11/5/2015 15:33
11/6/2015 9:30
11/6/2015 10:20
11/6/2015 10:55
11/6/2015 11:51
11/6/2015 12:45
11/6/2015 13:19
11/7/2015 9:25
11/7/2015 10:05
11/7/2015 10:50
11/7/2015 12:00
11/7/2015 12:30
11/7/2015 13:44
11/8/2015 9:41
11/8/2015 10:42
11/8/2015 12:12
11/8/2015 12:39
11/8/2015 14:53
11/8/2015 15:55
4/5/2016 12:26
4/5/2016 12:51
4/5/2016 13:08
4/5/2016 13:30
4/5/2016 13:49
4/6/2016 14:43
4/6/2016 16:07
4/6/2016 16:40
4/6/2016 17:21
4/6/2016 18:41
4/7/2016 9:36
4/7/2016 10:47
4/7/2016 15:51
4/11/2016 10:30
4/11/2016 16:37
4/11/2016 17:07
4/11/2016 17:22
4/11/2016 17:38
4/11/2016 17:53
4/12/2016 10:43
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11/6/2015 11:10
11/6/2015 13:00
11/6/2015 12:10
11/6/2015 10:26
11/7/2015 9:05
11/7/2015 9:38
11/7/2015 10:16
11/7/2015 11:15
11/7/2015 12:17
11/7/2015 12:45
11/8/2015 8:55
11/8/2015 9:50
11/8/2015 11:25
11/8/2015 12:21
11/8/2015 14:05
11/8/2015 15:10
11/9/2015 8:58
11/9/2015 9:05
11/9/2015 9:26
11/9/2015 10:10
11/9/2015 10:55
11/9/2015 11:25
4/6/2016 16:17
4/6/2016 9:40
4/6/2016 14:50
4/6/2016 16:49
4/6/2016 17:30
4/7/2016 8:45
4/7/2016 9:50
4/7/2016 11:00
4/7/2016 15:13
4/7/2016 16:00
4/8/2016 8:41
4/7/2016 13:20
4/8/2016 9:22
4/11/2016 15:17
4/12/2016 9:20
4/12/2016 10:50
4/12/2016 11:30
4/12/2016 14:27
4/12/2016 14:50
4/13/2016 8:50



11T0327509 4598551
1170328368 4598119
11T0327596 4596992
1170328365 4596626
11T0327563 4598650
11T0328052 4597264
1170328519 4598224
1170327460 4597900
1170328093 4596513
11T0327434 4599214
1170327899 4596401
11T0327556 4599165
1170327825 4596403
11T0328432 4598162
1170328494 4598530
11T0327460 4597295
1170328167 4596509
11T0327346 4598813
1170328158 4597354
1170328241 4598206
1170328671 4598352
11T0327623 4598465
1170327280 4598271
11T0327574 4599352
1170327995 4596979
1170328125 4596262
11T0327658 4598843
11T0328438 4596419
1170328288 4598793
11T0327432 4597823
1170327594 4598651
*

1170328535 4598188
1170328582 4598379
1170328395 4598563
11T0328380 4596666
1170328082 4596701
11T0327873 4596473
1170327406 4597833
11T0327664 4599020
11T0327666 4596692
11T0327451 4598916
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lin
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5in
lin
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13
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4/12/2016 11:15
4/12/2016 12:21
4/12/2016 14:41
4/12/2016 15:07
4/13/2016 9:20
4/13/2016 10:11
4/13/2016 11:00
4/13/2016 11:43
4/13/2016 12:37
4/14/2016 11:18
4/14/2016 12:16
5/31/2016 16:05
5/31/2016 16:27
5/31/2016 17:11
5/31/2016 17:27
5/31/2016 17:56
6/1/2016 11:01
6/1/2016 11:33
6/1/2016 11:40
6/1/2016 12:17
6/1/2016 13:07
6/1/2016 13:55
6/1/2016 14:00
6/1/2016 14:23
6/1/2016 14:54
6/1/2016 15:44
6/2/2016 10:00
6/2/2016 10:28
6/2/2016 12:00
6/2/2016 12:10
6/6/2016 16:45
6/6/2016 16:57
6/6/2016 17:24
6/6/2016 17:48
6/6/2016 17:59
6/6/2016 18:20
6/6/2016 18:25
6/6/2016 18:30
6/6/2016 18:57
6/7/2016 8:10
6/7/2016 8:43
6/7/2016 8:44
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4/13/2016 9:25
4/13/2016 10:21
4/13/2016 11:10
4/13/2016 11:55
4/14/2016 9:07
4/14/2016 11:38
4/14/2016 15:00
4/14/2016 16:00
4/14/2016 12:30
4/15/2016 8:30
4/15/2016 9:30
6/1/2016 10:42
6/1/2016 15:03
6/1/2016 11:45
6/1/2016 12:25
6/1/2016 14:23
6/2/2016 10:03
6/2/2016 8:40
6/2/2016 13:00
6/2/2016 10:33
6/2/2016 11:02
6/2/2016 11:00
6/2/2016 11:30
6/2/2016 9:30
6/2/2016 13:08
6/2/2016 10:36
6/3/2016 9:15
6/3/2016 8:45
6/3/2016 10:15
6/3/2016 9:16
6/7/2016 7:35
6/7/2016 8:15
6/7/2016 9:03
6/7/2016 9:32
6/7/2016 9:58
6/7/2016 9:05
6/7/2016 10:38
6/7/2016 10:15
6/7/2016 11:28
6/8/2016 7:15
6/8/2016 9:12
6/8/2016 7:53



1170328330 4598096
1170328568 4598206
1170328438 4596388
1170328079 4598359
1170327998 4596907
1170327921 4596571
11T0327454 4597666
11T0327573 4599255
1170328219 4598188
1170328302 4596660
1170328114 4597984
11T0327564 4599391
1170327375 4599400
11T0327925 4596323
1170328025 4596877
1170328291 4598120
1170328257 4597490
1170328445 4598138
1170328531 4598192
11T0327698 4596432
1170328132 4597909
1170327593 4599109
1170328349 4596741
11T0327594 4598645
1170328693 4598333
11T0327987 4596616
1170327820 4598344
11T0327436 4597305
1170328160 4598683
11T0327307 4598178
1170328196 4597724
11T0327266 4598779
1170328208 4596194
11T0327887 4597178
1170328075 4598370
11T0327689 4598863
1170327261 4598798
11T0327898 4596385
1170328473 4598127
11T0327987 4598557
1170327695 4596421
11T0328295 4598121
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lin

5in
5in
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5in
lin

lin

5in

lin
lin
5in
5in
5in
5in
5in

5in.

.5in

lin

5in
lin
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5in
lin

5in
lin

5in
5in
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16
10

10

13
10

12
38
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6/7/2016 9:22
6/7/2016 9:51
6/7/2016 10:00
6/7/2016 10:14
6/7/2016 11:01
6/7/2016 11:05
6/7/2016 11:43
6/8/2016 7:40
6/8/2016 8:32
6/8/2016 11:14
6/8/2016 11:56
6/13/2016 14:00
6/13/2016 14:13
6/13/2016 14:26
6/13/2016 14:50
6/13/2016 15:01
6/13/2016 15:17
6/13/2016 15:19
6/13/2016 15:33
6/13/2016 15:43
6/13/2016 16:15
6/14/2016 7:05
6/14/2016 7:30
6/14/2016 7:38
6/14/2016 8:01
6/14/2016 8:30
6/14/2016 8:47
6/14/2016 8:50
6/14/2016 9:14
6/14/2016 9:30
6/14/2016 9:45
6/15/2016 6:55
6/15/2016 7:50
6/15/2016 8:55
6/15/2016 9:39
6/20/2016 14:30
6/20/2016 14:40
6/20/2016 14:57
6/20/2016 15:00
6/20/2016 15:15
6/20/2016 15:22
6/20/2016 15:45
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6/8/2016 8:20

6/8/2016 8:42

6/8/2016 10:20
6/8/2016 9:12

6/8/2016 11:40
6/8/2016 10:09
6/8/2016 11:40
6/9/2016 7:16

6/9/2016 7:28

6/9/2016 8:20

6/9/2016 7:55

6/14/2016 6:41
6/14/2016 7:13
6/14/2016 7:12
6/14/2016 7:46
6/14/2016 7:48
6/14/2016 9:00
6/14/2016 8:30
6/14/2016 8:57
6/14/2016 8:34
6/14/2016 9:36
6/15/2016 6:41
6/15/2016 7:30
6/15/2016 7:05
6/15/2016 7:43
6/15/2016 7:58
6/15/2016 8:32
6/15/2016 8:15
6/15/2016 9:04
6/15/2016 9:30
6/15/2016 9:05
6/16/2016 6:34
6/16/2016 7:00
6/16/2016 7:30
6/16/2016 6:58
6/21/2016 7:20
6/21/2016 7:55
6/21/2016 8:30
6/21/2016 8:23
6/21/2016 9:02
6/21/2016 8:06
6/21/2016 9:45



1170328091 4597300
11T0327905 4596547
1170327627 4597737
11T0327539 4597492
1170328232 4597679
11T0327596 4598622
1170328377 4596676
1170327499 4599020
1170328655 4598272
1170328401 4598555
1170328160 4598176
11T0327715 4596452
1170327843 4596475
11T0327868 4596380
11T0327876 4596436
1170328533 4598190
1170327468 4599251
11T0328393 4598412
1170327508 4599052
1170328425 4596442
1170327937 4596408
11T0327595 4597075
1170328247 4598267
11T0327622 4598970
1170328335 4596590
1170328045 4596339
1170328231 4597527
1170328171 4598396
1170327509 4599092
11T0328252 4596387
1170327821 4596512
11T0327778 4598288
1170328190 4598573
11T0327545 4598671
1170328327 4596324
11T0327768 4596457
1170327577 4597758
11T0327614 4598871
1170327526 4599053
11T0327284 4598472
1170328307 4598198
1170328189 4598409
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5in
old net
5in
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lin
lin
5in
5in
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5in
lin
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5in
lin
5in
5in
5in
5in
lin
5in
5in
5in
5in
1in.
5in
lin
5in
*

*

5in

14

13

11

6/20/2016 15:47
6/20/2016 16:26
6/20/2016 16:45
6/21/2016 7:14
6/21/2016 7:37
6/21/2016 7:50
6/21/2016 7:57
6/21/2016 8:17
6/21/2016 8:55
6/21/2016 9:30
6/21/2016 10:06
6/21/2016 10:07
6/21/2016 10:26
6/22/2016 8:32
6/22/2016 8:47
6/22/2016 10:05
6/22/2016 10:40
10/17/2016 18:04
10/17/2016 18:19
10/18/2016 14:15
10/18/2016 14:28
10/18/2016 14:42
10/18/2016 15:27
10/18/2016 16:22
10/19/2016 10:58
10/19/2016 11:33
10/19/2016 12:40
10/19/2016 14:43
10/19/2016 16:24
10/20/2016 10:58
10/20/2016 11:52
10/20/2016 12:45
10/20/2016 14:36
10/20/2016 15:30
10/21/2016 12:00
10/21/2016 13:04
10/21/2016 14:40
10/21/2016 15:10
10/21/2016 15:20
10/21/2016 15:42
10/21/2016 15:50
10/21/2016 16:00
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6/21/2016 7:23
6/21/2016 7:45
6/21/2016 6:47
6/22/2016 7:05
6/22/2016 6:40
6/22/2016 7:51
6/22/2016 9:00
6/22/2016 8:20
6/22/2016 8:56
6/22/2016 9:23
6/22/2016 10:10
6/22/2016 8:09
6/22/2016 8:03
6/23/2016 8:00
6/23/2016 8:20
6/23/2016 7:22
6/23/2016 6:50
10/18/2016 15:00
10/18/2016 15:38
10/19/2016 10:20
10/19/2016 11:07
10/19/2016 11:45
10/19/2016 13:50
10/19/2016 15:30
10/20/2016 10:45
10/20/2016 11:05
10/20/2016 12:03
10/20/2016 14:00
10/20/2016 14:49
10/21/2016 11:09
10/21/2016 12:15
10/21/2016 13:15
10/21/2016 16:35
10/21/2016 15:51
10/22/2016 11:24
10/22/2016 13:03
10/22/2016 14:01
10/22/2016 8:00
10/22/2016 8:40
10/22/2016 9:14
10/22/2016 9:35
10/22/2016 9:44



11T0327911 4596638
*

1170327622 4598982
1170328441 4598370
1170327710 4596629
1170328251 4596227
1170328091 4597862
11T0327555 4598654
1170328155 4598268
11T0327925 4598282
1170328050 4598218
1170330623 4601296
1170328142 4597748
11T0328327 4598241
1170327524 4597953
11T0327556 4598610
1170328401 4596565
1170328036 4597092
1170328136 4598529
11T0327576 4597328
1170327294 4598542
1170328125 4596468
1170328060 4597953
11T0328390 4598277
11T0327672 4598275
11T0327557 4599031
1170327800 4596771
1170328106 4597340
1170328251 4598505
11T0327476 4597829
11T0327590 4598876
1170328044 4596830
11T0327626 4597043
1170328042 4598069
1170328185 4598291
11T0327444 4598755
1170328393 4598455
11T0327982 4598288
1170327742 4598902
11T0328305 4598152
1170327995 4596620
1170328035 4597001
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5in
lin
5in
5in.
5in
5in
lin
5in
5in.
5in
5in
5in
5in
5in
5in
5in
5in
5in
5in
5in
5in
5in
5in
5in
5in
5in
5in
5in
5in
5in
5in
5in
5in
5in
5in
5in
5in
5in
5in
old net
5in

28
22

21
25

13

14
12
23
17

20
11
13
15
10
15
13
18

33
18

16

12

11

15

10

18

10/21/2016 16:27
10/21/2016 17:21
10/22/2016 8:35
10/22/2016 10:57
10/22/2016 11:24
10/22/2016 12:30
10/22/2016 12:55
10/22/2016 13:27
10/22/2016 14:26
10/23/2016 13:06
10/23/2016 14:00
11/1/2016 10:27
11/1/2016 10:41
11/1/2016 11:04
11/1/2016 11:09
11/1/2016 11:27
11/2/2016 9:47
11/2/2016 10:12
11/2/2016 11:01
11/2/2016 11:56
11/2/2016 12:18
11/3/2016 9:40
11/3/2016 10:21
11/3/2016 11:09
11/3/2016 11:35
11/3/2016 12:24
11/4/2016 9:24
11/4/2016 10:10
11/4/2016 11:00
11/4/2016 11:23
11/4/2016 12:11
11/5/2016 9:23
11/5/2016 9:45
11/5/2016 10:07
11/5/2016 11:01
11/5/2016 11:41
11/6/2016 10:43
11/6/2016 11:30
3/29/2017 10:46
3/29/2017 10:55
4/1/2017 15:50
4/1/2017 16:07
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10/22/2016 11:08
10/22/2016 12:28
10/23/2016 7:40
10/23/2016 8:10
10/23/2016 10:05
10/23/2016 9:45
10/23/2016 12:15
10/23/2016 11:07
10/23/2016 13:20
10/24/2016 7:30
10/24/2016 7:55
11/2/2016 9:37
11/2/2016 10:00
11/2/2016 10:23
11/2/2016 11:15
11/2/2016 12:05
11/3/2016 9:07
11/3/2016 9:50
11/3/2016 10:32
11/3/2016 11:23
11/3/2016 11:47
11/4/2016 8:53
11/4/2016 9:35
11/4/2016 10:20
11/4/2016 11:13
11/4/2016 11:35
11/5/2016 8:52
11/5/2016 9:31
11/5/2016 10:15
11/5/2016 9:54
11/5/2016 11:15
11/6/2016 8:05
11/6/2016 8:42
11/6/2016 10:52
11/6/2016 9:56
11/6/2016 9:26
11/7/2016 7:14
11/7/2016 7:24
3/29/2017 14:30
3/29/2017 14:25
4/2/2017 8:25
4/2/2017 9:40



11T0327415 4597581
1170328445 4598141
11T0327366 4599424
1170328427 4596616
1170327903 4596343
1170327442 4597708
1170328671 4598291
1170327590 4599157
1170327950 4596451
11T0327415 4597840
1170328534 4598187
1170328416 4598559
1170327358 4598846
1170328445 4596395
1170327590 4596926
11T0328074 4598370
1170327560 4599420
11T0327268 4598785
1170327690 4596362
11T0328228 4598224
1170328446 4598132
1170328303 4596549
1170327573 4598627
11T0327558 4599143
1170327482 4599121
1170328105 4598018
11T0328247 4594534
11T0328060 4593752
1170327910 4596453
1170328425 4596619
11T0327372 4597827
11T0328546 4598200
11T0327569 4599441
11T0328074 4597174
1170327999 4596610
11T0328175 4597785
1170328679 4598299
11T0327711 4598872
11T0327743 4596352
11T0327452 4597181
1170328305 4598107
1170328718 4598568
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4/1/2017 16:26
4/1/2017 16:55
4/1/2017 17:11
4/2/2017 9:27
4/2/2017 9:56
4/2/2017 11:10
4/2/2017 12:39
4/2/2017 15:34
4/3/2017 9:23
4/3/2017 10:23
4/3/2017 11:29
4/3/2017 14:12
4/3/2017 15:05
4/4/2017 8:30
4/4/2017 9:05
4/4/2017 9:50
4/4/2017 10:56
4/4/2017 11:53
4/5/2017 9:26
4/5/2017 10:44
4/5/2017 11:00
4/5/2017 11:30
4/5/2017 11:45
4/5/2017 11:57
4/5/2017 12:15
4/5/2017 12:20
4/5/2017 15:48
4/5/2017 16:09
6/12/2017 14:25
6/12/2017 14:49
6/12/2017 15:21
6/12/2017 15:33
6/12/2017 15:48
6/13/2017 8:14
6/13/2017 8:33
6/13/2017 8:53
6/13/2017 9:15
6/13/2017 10:02
6/14/2017 8:00
6/14/2017 8:27
6/14/2017 8:53
6/14/2017 9:38
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4/2/2017 10:10
4/2/2017 11:40
4/2/2017 12:45
4/3/2017 9:30
4/3/2017 9:04
4/3/2017 10:45
4/3/2017 12:45
4/3/2017 14:30
4/4/2017 8:10
4/4/2017 8:38
4/4/2017 9:15
4/4/2017 10:00
4/4/2017 11:05
4/5/2017 8:05
4/5/2017 9:30
4/5/2017 11:45
4/5/2017 13:00
4/5/2017 13:15
4/6/2017 7:25
4/6/2017 10:02
4/6/2017 10:48
4/6/2017 8:15
4/6/2017 9:21
4/6/2017 8:45
4/6/2017 8:24
4/6/2017 8:40
4/6/2017 9:15
4/6/2017 9:55
6/13/2017 7:58
6/13/2017 8:22
6/13/2017 8:39
6/13/2017 9:00
6/13/2017 9:22
6/14/2017 7:50
6/14/2017 8:05
6/14/2017 8:36
6/14/2017 9:00
6/14/2017 9:45
6/15/2017 7:40
6/15/2017 8:23
6/15/2017 9:10
6/15/2017 9:24



11T0327366 4599408
11T0327640 4596387
1170327408 4597622
1170328458 4598101
11T0327598 4598628
1170327282 4598691
1170328307 4596690
11T0327585 4599147
11T0327598 4599246
1170328401 4596363
1170327917 4596325
11T0327687 4598857
1170328053 4597036
11T0328383 4598595
1170327592 4596884
11T0328539 4598186
1170328299 4596546
11T0327369 4599280
1170328189 4596202
11T0327575 4599528
1170327660 4596687
1170328082 4597220
1170328601 4598209
1170328077 4598659
1170328071 4597237
11T0328466 4598124
1170328730 4598364
1170328183 4596425
1170327924 4598493
11T0327614 4598435
11T0327635 4598541
11T0327696 4596438
11T0327596 4598796
11T0327725 4596355
1170328006 4597179
11T0327527 4597055
1170328414 4596536
11T0327209 4598494
1170328308 4596251
11T0327641 4599063
1170328318 4598174
1170328720 4598569
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lin
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lin
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6/14/2017 9:57
6/15/2017 8:17
6/15/2017 9:02
6/15/2017 9:19
6/15/2017 9:50
6/15/2017 10:07
6/19/2017 15:03
6/19/2017 15:16
6/19/2017 15:26
6/19/2017 15:26
6/19/2017 15:41
6/19/2017 15:45
6/19/2017 16:02
6/19/2017 16:10
6/19/2017 16:13
6/19/2017 16:30
6/20/2017 8:18
6/20/2017 8:42
6/20/2017 9:00
6/20/2017 9:05
6/20/2017 9:26
6/20/2017 9:39
6/20/2017 9:45
6/20/2017 10:10
6/20/2017 10:15
6/20/2017 10:35
6/21/2017 8:19
6/21/2017 8:52
6/21/2017 9:00
6/21/2017 9:42
6/21/2017 10:16
6/21/2017 10:27
6/21/2017 10:45
6/21/2017 10:52
6/21/2017 11:17
6/21/2017 12:25
6/22/2017 8:05
6/22/2017 8:30
6/22/2017 8:35
6/22/2017 8:57
6/22/2017 9:20
6/22/2017 10:13

126

6/15/2017 9:55
6/16/2017 8:00
6/16/2017 7:37
6/16/2017 7:13
6/16/2017 6:43
6/16/2017 6:26
6/20/2017 8:08
6/20/2017 8:10
6/20/2017 8:53
6/20/2017 8:22
6/20/2017 9:00
6/20/2017 9:13
6/20/2017 9:35
6/20/2017 9:55
6/20/2017 10:02
6/20/2017 10:16
6/21/2017 8:34
6/21/2017 9:55
6/21/2017 9:25
6/21/2017 10:23
6/21/2017 10:43
6/21/2017 11:55
6/21/2017 8:05
6/21/2017 9:10
6/21/2017 11:15
6/21/2017 8:26
6/22/2017 9:30
6/22/2017 7:45
6/22/2017 10:17
6/22/2017 7:56
6/22/2017 8:38
6/22/2017 8:50
6/22/2017 9:01
6/22/2017 8:15
6/22/2017 9:33
6/22/2017 10:30
6/23/2017 7:44
6/23/2017 6:38
6/23/2017 7:50
6/23/2017 6:17
6/23/2017 7:00
6/23/2017 7:08



1170328148 4597777
11T0327436 4597717
1170328691 4598320
11T0327587 4599153
1170327531 4599010
11T0327978 4596296
1170327878 4598290
1170328353 4596316
1170328022 4596864
1170328254 4597591
11T0327772 4596376
11T0327269 4598531
1170328128 4596226
11T0327443 4597290
11T0327565 4598678
1170328109 4597850
1170328317 4598182
1170328261 4598501
1170327871 4596455
1170328298 4596187
1170327392 4598648
11T0327525 4599068
1170328148 4597365
1170328145 4598337
11T0327448 4597856
11T0328063 4598529
1170328021 4596781
11T0328368 4596377
11T0327661 4596883
11T0327582 4597527
1170328370 4598463
11T0328432 4598232
1170327618 4598938
11T0327558 4598429
1170326263 4596397
11T0328066 4597240
1170328149 4598222
11T0327384 4598797
1170328374 4596622
11T0328257 4597574
1170328086 4598309
11T0327593 4598836
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5in
5in

IS

11
13
13
15
22
15
23

14
10
12
17
14
12
12
35
16
16
12
25
17
22
14
22
26
26
11
11
11
13
21
19
18
17
16
24
16
17
13

6/22/2017 10:43
6/22/2017 11:06
6/26/2017 3:20
6/26/2017 14:29
6/26/2017 14:46
6/26/2017 14:56
6/26/2017 15:09
6/26/2017 15:15
6/26/2017 15:30
6/26/2017 15:46
6/27/2017 7:51
6/27/2017 7:57
6/27/2017 8:15
6/27/2017 8:33
6/27/2017 8:44
6/27/2017 8:45
6/27/2017 9:07
6/27/2017 9:38
6/28/2017 7:53
6/28/2017 8:13
6/28/2017 8:32
6/28/2017 8:45
6/28/2017 9:24
6/28/2017 9:44
6/28/2017 10:07
6/28/2017 10:57
6/29/2017 7:22
6/29/2017 8:02
6/29/2017 8:33
6/29/2017 8:53
6/29/2017 9:12
6/29/2017 9:46
6/29/2017 10:05
6/29/2017 10:32
6/30/2017 9:25
6/30/2017 9:40
6/30/2017 10:26
6/30/2017 11:12
7/1/2017 8:49
7/1/2017 9:33
7/1/2017 10:01
7/1/2017 10:18
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6/23/2017 8:30
6/23/2017 8:55
6/27/2017 8:53
6/27/2017 7:35
6/27/2017 8:05
6/27/2017 7:43
6/27/2017 9:19
6/27/2017 7:59
6/27/2017 8:20
6/27/2017 8:37
6/28/2017 7:40
6/28/2017 8:00
6/28/2017 8:00
6/28/2017 9:39
6/28/2017 8:30
6/28/2017 9:36
6/28/2017 9:00
6/28/2017 9:49
6/29/2017 7:08
6/29/2017 7:29
6/29/2017 10:15
6/29/2017 9:56
6/29/2017 8:10
6/29/2017 9:01
6/29/2017 8:39
6/29/2017 9:21
6/30/2017 9:14
6/30/2017 8:41
6/30/2017 9:30
6/30/2017 9:50
6/30/2017 10:13
6/30/2017 10:35
6/30/2017 10:53
6/30/2017 11:11
7/1/2017 8:34
7/1/2017 8:52
7/1/2017 9:38
7/1/2017 10:12
71212017 7:42
7/2/2017 7:57
7/2/2017 8:36
7/2/2017 9:00



1170328273 4596330
11T0327779 4596424
11T0327769 4596656
1170328009 4597183
1170328013 4597209
11T0327807 4596482
1170327735 4596932
11T0327719 4597218
1170327596 4598988

PR W w bk bW WS D

5in
5in
5in
5in
5in
5in
5in
5in
.5in

27
23
38
37
35
30
39
34
11

7/1/2017 10:48
7/1/2017 10:58
7/1/2017 11:27
7/1/2017 11:37
7/2/2017 10:10
7/2/2017 10:30
7/2/2017 10:50
7/2/2017 11:09
10/10/2017 14:50

128

7/2/2017 10:01
7/2/2017 10:17
7/2/2017 10:43
7/2/2017 11:01
7/3/2017 6:44
7/3/2017 6:30
7/3/2017 7:01
7/3/2017 7:18
10/11/2017 8:40

*Data not collected or recorded
**GPS coordinates are North American Datum of 1983 (NAD 83)

5.7 Trap net capture data

FL Weight New Tag

PIT Tag # Sex (mm) (kg) (YIN) Pull Date/Time
989001003072260 F 275 0.27 Y 4/7/2015 9:45
989001003072258 F 590 2.75 Y 4/7/2015 9:45
989001003072258 F 595 2.69 N 4/26/2015 9:45
989001003072215 F 600 3.35 Y 4/8/2015 13:15
989001003072208 F 610 2.74 Y 4/8/2015 13:15
989001003072289 M 565 1.95 Y 4/8/2015 13:15
989001003072278 M 500 1.48 Y 4/8/2015 13:15
989001003072273 F 585 2.28 Y 4/8/2015 13:15
989001003072230 M 550 1.98 Y 4/8/2015 13:15
989001003072230 M 578 2.49 N 4/14/2016 16:00
989001003072219 F 535 1.65 Y 4/8/2015 13:15
989001003072222 F 370 0.67 Y 4/8/2015 13:15
989001003072201 M 610 2.64 Y 4/8/2015 13:15
989001003072201 M 615 * N 4/30/2015 14:30
989001003072226 F 600 2.76 Y 4/8/2015 13:15
989001003072242 F 585 2.37 Y 4/8/2015 13:15
989001003072242 F 595 2.33 N 4/26/2015 9:45
989001003072206 F 470 1.26 Y 4/8/2015 13:15
989001003072206 F 539 1.63 N 10/8/2015 8:15
989001003072206 F 545 1.56 N 4/11/2016 15:17
989001003072280 M 550 2.15 Y 4/8/2015 13:15
989001003072280 M 555 2.01 N 4/23/2015 14:58
989001003072280 M 555 1.96 N 5/10/2015 8:00
989001003072221 F 480 1.32 Y 4/8/2015 13:15
989001003072251 F 595 2.3 Y 4/8/2015 13:15
989001003072251 F 595 2.28 N 4/19/2015 15:10



989001003072243
989001003072207
989001003072207
989001003072272
989001003072233
900118001564189
900118001564189
900118001564189
900118001563799
900118001563799
989001003072267
989001003072267
989001003072270
989001003072247
989001003072205
989001003072205
989001003072205
900118001564337
900118001564337
989001003072292
900118001562811
989001003072295
989001003072295
900118001564935
900118001564935
989001003072229
989001003072211
900118001563536
900118001563536
900118001563536
900118001562616
900118001564372
900118001519531
900118001564853
900118001564668
900118001564668
900118001564667
900118001564878
900118001564878
900118001563994
900118001564713
900118001564713

cmmmocmnmmI I ITTTTIIITIIITCcCcCcTCcLILLCLILLILILLLTCCc L™

665
645
546
480
563
628
620
630
536
535
554
552
570
478
614
615
615
525
528
432
610
678
670
618
615
448
529
620
620
624
470
546
560
505
633
636
595
633
632
466
509
510

1.24
1.95
1.77
1.55
1.94
2.51
2.73
2.67
1.73
1.84
1.83
1.92
2.05
1.31
2.78
2.55
2.56
1.47
1.58
0.95
2.65
3.5

2.54
2.64
0.97
1.79
3.04
3.01
2.84
1.14

2.61
2.45
2.45
2.98
2.8

1.24
1.53
1.53

Z << Z << <Z<<LX <LK <L<ZZKK<L<LK<LKZZKZLKZZZZ<<LK<L<Z<<KZZ<Z<<2Z<<

4/9/2015 12:30
4/9/2015 12:30
5/3/2015 9:50
4/11/2015 11:00
4/11/2015 11:00
4/11/2015 11:00
3/11/2015 14:30
3/27/2015 15:05
4/11/2015 11:00
3/28/2015 12:45
4/11/2015 9:30
4/28/2015 14:50
4/11/2015 9:30
4/11/2015 9:30
4/12/2015 10:50
5/18/2015 8:10
5/11/2015 8:00
4/12/2015 9:25
3/10/2015 13:50
4/12/2015 9:25
4/12/2015 9:25
4/12/2015 9:25
4/30/2015 14:30
4/12/2015 9:25
3/28/2015 12:45
4/12/2015 9:25
4/12/2015 9:25
3/5/2015 18:20
4/15/2015 16:10
4/30/2015 13:40
3/5/2015 18:20
3/5/2015 18:20
3/5/2015 18:20
3/5/2015 18:20
3/10/2015 13:50
3/27/2015 15:05
3/10/2015 13:50
3/10/2015 13:50
3/28/2015 12:45
3/10/2015 13:50
3/10/2015 13:50
3/27/2015 15:05
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900118001564942
900118001565402
900118001564754
900118001564754
900118001564754
900118001564670
900118001564670
900118001512701
900118001512701
900118001512701
900118001563019
900118001563019
900118001564025
900118001564025
900118001564029
900118001564029
900118001564517
900118001564517
900118001563195
900118001564454
900118001564934
900118001562590
900118001564560
900118001564560
900118001564469
900118001563718
900118001563718
900118001564171
900118001562713
900118001562713
900118001565122
900118001564715
900118001563332
900118001512539
900118001512539
900118001562889
900118001564435
900118001563492
900118001564475
900118001562695
900118001563316

360
485
630
641
645
730
564
566
515
515
522
660
670
583
585
510
515
582
579
660
555
610
455
515
516
495
470
480
510
444
441
505
490
620
500
500
480
520
466
495
465
565

0.64
1.49
2.77
2.59
2.47

2.27
2.12
151
1.41

3.56
3.45
2.25
2.1

1.44
1.42
2.6

2.22
3.39
2.05
2.79
1.05
1.59
1.62
1.53
1.33
1.22
1.64
0.94
0.93
1.56
1.35
2.87
1.42

1.42
1.75
1.36
1.55
1.44
2.03

z z < < <

<L Z <L LXZ K LZ X L<ZKK< <K< Z<KZ<Z<X2Z2<2Z22<2ZK

3/10/2015 13:50
3/10/2015 13:50
3/11/2015 14:30
3/28/2015 12:45
4/30/2015 13:40
3/11/2015 14:30
3/11/2015 14:30
3/28/2015 12:45
3/11/2015 14:30
4/15/2015 16:10
4/30/2015 14:30
3/11/2015 14:30
3/27/2015 15:05
3/11/2015 14:30
4/15/2015 16:10
3/11/2015 14:30
3/27/2015 15:05
3/11/2015 14:30
5/4/2015 8:05

3/18/2015 15:50
3/18/2015 15:50
3/18/2015 15:50
3/18/2015 15:50
3/18/2015 15:50
3/27/2015 15:05
3/18/2015 15:50
3/18/2015 15:50
4/30/2015 13:40
3/18/2015 15:50
3/18/2015 15:50
3/27/2015 15:05
3/18/2015 15:50
3/18/2015 15:50
3/18/2015 15:50
3/18/2015 15:50
4/30/2015 14:30
3/18/2015 15:50
3/18/2015 15:50
3/18/2015 15:50
3/18/2015 15:50
3/18/2015 15:50
3/18/2015 15:50
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900118001564937
900118001564505
900118001563321
900118001562700
900118001562700
900118001564255
900118001564255
900118001565335
900118001565335
900118001565032
900118001565032
900118001565154
900118001565154
900118001564156
900118001564156
900118001564156
900118001564816
900118001564275
900118001565017
900118001565017
900118001565217
900118001563418
900118001562798
900118001564912
900118001565322
900118001565322
900118001564981
900118001564981
900118001562880
900118001563657
900118001512985
900118001512985
900118001512985
900118001564927
900118001562848
900118001564636
900118001563797
900118001564173
900118001565084
900118001564841
900118001564988
900118001562501

zZCcCzTcCczczcCccCcTMmccccoczzNMcoczzNMTMTMcczNTcNmcmccczzN NI

596
514
490
579
564
595
600
580
575
553
548
594
590
486
490
490
597
561
543
540
629
620
566
505
505
533
555
560
609
515
623
622
625
625
529
457
527
615
467
662
552
480

2.76
1.67
1.35
2.08
2.13
2.52
2.33
2.31
2.25
2.02

2.17
2.04
1.36
1.37
1.29
2.54
2.24
1.75
1.59
2.99
2.7

2.04
1.33
1.48
1.72
2.09
2.05
2.75
1.72
2.65
2.58
2.5

2.99
1.36
0.99
1.71
3.0

1.12
3.49
2.04
1.2

K<< << X< XZZ<<<X<L<Z<L<Z<L<<K<L<<K<Z<L<<K<Z2<K2Z2<2<2<2<x22<<=<

3/18/2015 15:50
3/18/2015 15:50
3/18/2015 15:50
3/27/2015 15:05
4/3/2015 15:00
3/27/2015 15:05
4/20/2015 14:15
3/27/2015 15:05
4/3/2015 15:00
3/27/2015 15:05
4/30/2015 14:30
3/27/2015 15:05
4/30/2015 14:30
3/27/2015 15:05
4/29/2015 14:16
5/16/2015 10:30
3/27/2015 15:05
3/27/2015 15:05
3/27/2015 15:05
5/10/2015 8:00
3/27/2015 15:05
3/27/2015 15:05
3/27/2015 15:05
3/27/2015 15:05
3/27/2015 15:05
10/18/2015 12:30
3/27/2015 15:05
3/28/2015 12:45
3/27/2015 15:05
3/27/2015 15:05
3/27/2015 15:05
4/3/2015 15:00
4/18/2015 9:00
3/27/2015 15:05
3/27/2015 15:05
3/27/2015 15:05
3/27/2015 15:05
3/27/2015 15:05
3/27/2015 15:05
3/27/2015 15:05
3/27/2015 15:05
3/27/2015 15:05
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900118001564273
900118001564273
900118001563147
900118001564408
900118001564804
900118001562482
900118001564499
900118001564443
900118001565184
900118001565184
900118001565184
900118001562961
900118001563727
900118001563727
900118001565079
900118001565079
900118001564858
900118001564507
900118001564507
900118001564734
900118001562886
900118001562583
900118001564773
900118001563331
900118001563331
900118001563331
900118001563359
900118001563401
900118001565259
900118001564233
900118001564136
900118001565280
900118001565280
900118001563991
900118001563314
900118001564276
900118001563153
900118001564340
900118001563059
900118001563059
900118001563059
900118001564520

czTTTcCccCccCcmMmTMccCccCccCczCcMmMczNZzNCcCcNnccccmccoccoczCoczCcoczo

535
541
595
435
477
508
536
437
528
524
520
525
475
465
462
500
476
586
625
490
604
554
488
590
592
590
545
596
484
534
508
465
511
564
526
472
526
571
584
590
590
440

1.98
2.12
2.31
0.92
1.28
1.44
1.89
1.1

1.69
1.9

1.7

1.8

1.28
1.33
1.16
1.49
1.03
2.33
2.76
1.21
2.69
2.15
1.17
2.48

2.35
1.91
2.26
1.17
17

1.67
1.13
1.44
1.94
1.63
133
1.66
2.4

2.37
257

0.98

<KZZ<<X<X <X Z<XLXLXLZZLKLKLKLKZLLKZLZLK<KZZLK<K<K<K<<=<2ZX

3/27/2015 15:05
4/30/2015 13:40
3/27/2015 15:05
3/28/2015 12:45
3/28/2015 12:45
3/28/2015 12:45
3/28/2015 12:45
3/28/2015 12:45
3/28/2015 12:45
4/3/2015 15:00
4/15/2015 16:10
3/28/2015 12:45
3/28/2015 12:45
4/3/2015 15:00
3/28/2015 12:45
10/15/2015 10:35
3/28/2015 12:45
3/28/2015 12:45
10/19/2016 11:07
3/28/2015 12:45
3/28/2015 12:45
3/28/2015 12:45
3/28/2015 12:45
3/28/2015 12:45
4/30/2015 14:30
5/10/2015 8:00
3/28/2015 12:45
3/28/2015 12:45
3/28/2015 12:45
3/28/2015 12:45
3/28/2015 12:45
3/28/2015 12:45
10/17/2015 14:41
3/28/2015 12:45
3/28/2015 12:45
3/28/2015 12:45
3/28/2015 12:45
3/28/2015 12:45
3/28/2015 12:45
4/26/2015 8:10
4/30/2015 14:30
3/28/2015 12:45
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900118001564470
900118001564470
900118001564792
900118001564788
900118001564558
900118001564558
900118001564790
900118001564790
900118001564790
900118001565172
900118001564295
900118001565162
900118001565162
900118001562521
900118001564875
900118001564809
900118001565169
900118001564114
900118001564114
900118001562849
900118001562849
900118001565171
900118001564602
900118001564775
900118001565212
900118001565212
900118001564857
900118001563500
900118001563500
900118001563141
900118001565198
900118001564871
900118001564915
900118001564915
900118001564915
900118001564915
900118001564915
900118001564915
900118001564915
900118001565316
900118001565385
989001003072266

ccmgLgLLLLILLLICLITTCCLILCLIIMTCcTmcCcLCLCcmTmCcLIILIITCCcCcCcZLKL

507
500
526
499
514
515
558
556
560
475
618
518
515
460
438
514
654
514
520
581
581
485
561
544
565
595
629
577
585
350
591
415
635
637
635
638
639
635
637
590
655
481

1.72
1.7

1.77
1.49
15

151
2.04
1.95
1.97
1.1

2.42
151
1.41
1.11
0.85
1.7

3.18
1.48
1.43
2.35
2.25
1.21
1.92
2.04
2.47
2.65
2.85
2.33
2.22
0.6

2.32
0.95
3.03
3.01
3.01
2.8

2.8

2.67
2.77
2.22
3.2

1.37

K<< ZZZZZZ<<LX<KLKXZKLK<L<Z<L<LK<LLKZKKZKLK<L<LK<LKKLKZZ<K<LKZZ<Z<<<2ZX

3/28/2015 12:45
4/15/2015 16:10
3/28/2015 12:45
3/28/2015 12:45
3/28/2015 12:45
4/28/2015 14:50
3/28/2015 12:45
4/18/2015 9:00
4/21/2015 8:40
3/28/2015 12:45
3/29/2015 9:00
3/29/2015 9:00
5/19/2015 9:40
3/29/2015 9:00
3/29/2015 9:00
3/29/2015 9:00
3/29/2015 9:00
3/29/2015 9:00
4/28/2015 14:50
3/29/2015 9:00
4/30/2015 13:38
3/29/2015 9:00
3/29/2015 9:00
4/3/2015 15:00
4/3/2015 15:00
4/14/2016 9:07
4/3/2015 15:00
4/3/2015 15:00
4/18/2015 10:15
4/3/2015 15:00
4/3/2015 15:00
4/3/2015 15:00
4/3/2015 15:00
4/18/2015 10:15
4/23/2015 14:25
5/2/2015 8:30
5/3/2015 9:50
5/19/2015 9:40
5/11/2015 8:00
4/3/2015 15:00
4/3/2015 15:00
4/4/2015 15:16
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989001003072266
989001003072266
989001003072266
989001003072209
989001003072238
989001003072238
989001003072238
989001003072244
989001003072212
989001003072212
989001003072212
989001003072212
989001003072255
989001003072204
989001003072277
989001003072297
989001003072231
989001003072231
989001003072236
989001003072202
989001003072298
989001003072296
989001003072232
989001003072232
989001003072240
989001003072216
989001003072257
989001003072248
989001003072283
989001003072203
989001003072223
989001003072299
989001003072261
989001003072261
989001003072217
989001003072217
989001003072218
989001003072218
989001003072287
989001003072225
989001003072253
989001003072253

485
493
488
408
453
581
584
475
670
665
665
680
590
565
430
555
560
572
530
640
530
540
465
470
595
610
447
481
549
605
604
578
637
642
458
465
510
590
245
580
605
604

1.27
1.24
1.26
0.82
1.21
2.34
2.22
1.2

3.34
3.33
3.57
3.53
2.54
2.09
0.96
1.9

2.11
2.0

1.75
3.64
1.79
2.01
1.23
1.11
2.34
2.68
1.02
1.33
1.87
2.45
2.39
2.25
2.62
2.58
1.12

1.64
2.38
0.18
2.25
2.27

Z <X <Z<<Z<<Z << << << << <Z<K<<<<<<<Z<K<K<K << <2Z222<<22<<222

5/2/2015 9:30
5/4/2015 8:05
5/11/2015 8:00
4/4/2015 15:16
4/4/2015 15:16
11/5/2015 10:24
4/12/2016 9:20
4/4/2015 15:16
4/4/2015 15:16
4/22/2015 14:30
10/15/2015 9:30
4/5/2017 8:05
4/4/2015 15:16
4/15/2015 16:10
4/15/2015 16:10
4/15/2015 16:10
4/15/2015 16:10
5/10/2015 8:00
4/15/2015 16:10
4/15/2015 16:10
4/15/2015 16:10
4/15/2015 16:10
4/15/2015 16:10
5/10/2015 8:00
4/15/2015 16:10
4/15/2015 16:10
4/18/2015 9:00
4/18/2015 9:00
4/18/2015 9:00
4/18/2015 9:00
4/18/2015 9:00
4/18/2015 9:00
4/18/2015 9:00
5/3/2015 9:00
4/18/2015 9:00
4/30/2015 14:30
4/19/2015 8:45
11/5/2015 10:24
4/19/2015 9:50
4/19/2015 15:10
4/19/2015 15:10
4/30/2015 14:30
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989001003072253
989001003072220
989001003072246
989001003072256
989001003072265
989001003072265
989001003072213
989001003072237
989001003072252
989001003072252
989001003072252
989001003072252
989001003072252
989001003072252
989001003072281
989001003072281
989001003072284
989001003072263
989001003072269
989001003072291
989001003072291
989001003072245
989001003072245
989001003072249
989001003072249
989001003072274
989001003072227
989001003072227
989001003072228
989001003072259
989001003072250
900118001564336
900118001564336
989001003072264
989001003072286
989001003072286
900118001563087
989001003072271
989001003072271
989001003072234
989001003072239
989001003072239
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600
533
498
615
680
682
340
585
590
586
588
582
591
580
688
690
484
565
630
620
618
530
530
605
605
710
590
591
550
620
633
520
501
576
480
585
565
590
585
365
600
595

2.14
1.83
1.36
2.87
4.13
3.96
0.42
2.68
2.38
2.33
2.26
2.16
2.16
2.2

3.25
3.13
1.25
2.01
2.88
2.29
2.14
1.6

2.61
2.51
3.85
2.38
2.47
1.9

3.17
3.14
1.59
1.56
2.2

2.23
2.19
2.17
2.75
2.78
0.59
2.33
2.31

Z << Z<KZZ<K<LKZZZK<L<Z<L<LKZKZ<KLKZKLK<L<LK<LKZ<K<ZZZZZ<<K<Z<<<<2Z

5/10/2015 8:00
4/19/2015 15:10
4/19/2015 14:20
4/19/2015 14:20
4/20/2015 14:44
5/20/2015 10:25
4/20/2015 14:15
4/20/2015 14:15
4/20/2015 14:15
4/29/2015 14:16
5/3/2015 9:50
5/20/2015 9:40
5/21/2015 8:40
5/16/2015 10:30
4/21/2015 8:40
5/10/2015 8:00
4/21/2015 8:40
4/21/2015 8:40
4/21/2015 14:35
4/21/2015 14:35
6/2/2016 9:30
4/21/2015 14:35
4/30/2015 14:30
4/21/2015 14:35
5/10/2015 8:00
4/21/2015 13:55
4/22/2015 9:15
4/30/2015 13:40
4/22/2015 9:15
4/22/2015 9:15
4/22/2015 14:00
4/22/2015 14:00
10/7/2015 10:20
4/22/2015 14:00
4/22/2015 14:00
5/11/2015 8:00
4/23/2015 14:25
4/23/2015 14:25
4/30/2015 13:40
4/23/2015 14:25
4/23/2015 14:58
5/11/2015 8:00
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989001003072288
989001003072288
989001003072288
989001003072288
989001003072300
989001003072241
989001003072290
989001003072282
989001003072282
989001003072268
989001003072268
989001003072214
900118001565288
989001003072262
989001003072294
989001003072254
989001003072276
989001003072276
989001003072224
989001003072285
989001003072285
989001003072275
989001003072130
900118001563747
900118001562678
989001003072210
989001003072116
989001003072116
989001003072148
989001003072129
989001003072129
989001003072129
989001003072132
989001003072125
989001003072125
989001003072125
989001003072115
989001003072115
989001003072101
989001003072110
989001003072145
989001003072104

TTmTmZLCTZLLLLLLLLLLLCcT T CTm AWML T AWML I T T T T COCCOCLITILCC

350
486
490
510
525
630
325
430
525
530
527
545
574
485
545
675
578
611
571
530
634
566
622
645
600
336
638
640
309
462
465
429
564
571
592
590
580
584
642
436
611
495

0.5

1.33
1.33
1.45
1.88
3.23
0.43
1.08
1.66
1.81
1.73
1.7

2.19
1.23
1.81
3.38

2.36
1.92
1.79
1.71
2.19

3.51
2.34
0.43
3.01

0.31
1.03
0.97
1.41

2.01
2.4
2.37
2.13
2.08
3.4
1.08
2.67
1.5

K<< XZZZ << L<ZZ<L<L<Z<L<L<ZZ<<LXZ<L<<L<Z<L<<L<<KX<KZ<K<Z<Z<K<<<<222ZK

4/23/2015 14:58
10/7/2015 10:30
10/21/2015 9:00
4/11/2016 15:17
4/26/2015 9:45
4/26/2015 9:45
4/26/2015 9:45
4/26/2015 9:45
4/11/2016 15:17
4/26/2015 9:45
5/20/2015 10:25
4/26/2015 9:45
4/28/2015 14:50
4/28/2015 14:50
4/28/2015 14:50
4/28/2015 14:50
4/28/2015 14:50
4/14/2016 15:00
4/28/2015 14:50
4/28/2015 14:50
5/11/2015 8:00
4/28/2015 14:50
4/30/2015 13:38
4/29/2015 13:49
4/29/2015 14:16
4/29/2015 14:16
4/29/2015 14:16
4/30/2015 14:30
4/29/2015 14:16
4/29/2015 14:16
5/10/2015 8:00
4/7/2016 9:50
4/29/2015 14:16
4/29/2015 14:16
4/6/2016 17:30
4/13/2016 11:55
4/30/2015 13:40
10/17/2015 15:35
4/30/2015 13:40
4/30/2015 13:40
4/30/2015 13:40
4/30/2015 13:40
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989001003072160
989001003072160
989001003072173
989001003072146
989001003072156
989001003072200
989001003072128
989001003072166
989001003072122
989001003072168
989001003072135
989001003072164
989001003072175
989001003072175
989001003072138
989001003072138
989001003072199
989001003072162
989001003072147
989001003072189
989001003072197
989001003072194
989001003072103
989001003072103
989001003072103
989001003072103
989001003072103
900118001564554
989001003072195
989001003072118
989001003072118
989001003072118
989001003072191
989001003072165
989001003072165
989001003072107
989001003072159
989001003072157
989001003072177
989001003072185
989001003072185
989001003072188
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355
419
575
591
630
326
535
565
465
550
550
530
540
540
420
525
705
580
281
500
502
630
573
665
670
679
679
560
415
605
610
610
576
353
454
614
532
596
542
604
601
590

3.61
3.66
3.83

2.49
2.41
2.35

KZ<X < << <<XZ<X<L<ZZ<<K<L<ZZZZ2ZZ<<<<<<<<<<L<Z<Z<<<<<K<<K<<<<<=<2ZX

4/30/2015 13:40
10/21/2015 9:00
4/30/2015 13:40
4/30/2015 13:40
4/30/2015 14:30
4/30/2015 14:30
4/30/2015 14:30
4/30/2015 14:30
4/30/2015 14:30
4/30/2015 14:30
4/30/2015 14:30
4/30/2015 14:30
4/30/2015 14:30
5/21/2015 8:40
4/30/2015 14:30
4/11/2016 15:17
4/30/2015 14:30
4/30/2015 14:30
4/30/2015 14:30
4/30/2015 14:30
4/30/2015 14:30
4/30/2015 14:30
4/30/2015 14:30
5/20/2015 9:40
5/10/2015 8:00
10/16/2015 16:15
11/8/2015 11:25
4/30/2015 14:30
4/30/2015 14:30
4/30/2015 14:30
6/1/2016 11:45
6/15/2016 7:43
4/30/2015 14:30
5/2/2015 9:30
6/29/2017 8:10
5/2/2015 9:30
5/2/2015 9:30
5/2/2015 9:30
5/2/2015 9:30
5/2/2015 8:30
5/21/2015 9:00
5/3/2015 8:00

137



138

989001003072188 F 600 2.52 N 4/14/2016 9:07
989001003072170 F 569 2.58 Y 5/3/2015 9:50
989001003072143 M 660 3.53 Y 5/3/2015 9:50
989001003072154 M 448 0.98 Y 5/3/2015 9:00
989001003072117 M 676 3.81 Y 5/3/2015 9:00
989001003072109 U 270 0.19 Y 5/4/2015 8:05
989001003072180 M 327 0.37 Y 5/4/2015 8:05
989001003072153 M 525 1.84 Y 5/4/2015 8:05
989001003072124 F 517 1.36 Y 5/4/2015 8:05
989001003072137 F 642 291 Y 5/19/2015 9:40
989001003072181 M 449 0.96 Y 5/19/2015 9:40
989001003072142 F 464 1.27 Y 5/19/2015 9:40
989001003072105 U 271 0.24 Y 5/19/2015 9:40
989001003072105 F 525 1.53 N 11/5/2016 10:15
989001003072113 F 559 1.92 Y 5/19/2015 9:40
989001003072112 F 472 1.12 Y 5/18/2015 8:10
989001003072131 M 372 0.54 Y 5/18/2015 9:02
989001003072169 F 570 1.73 Y 5/18/2015 9:02
989001003072120 M 731 4.51 Y 5/18/2015 9:02
989001003072120 M 723 4.21 N 6/8/2016 10:09
989001003072121 U 147 0.09 Y 5/18/2015 9:02
989001003072167 F 608 2.51 N 5/20/2015 9:40
989001003072167 F 605 2.45 Y 5/10/2015 8:00
989001003072334 F 583 2.53 Y 5/20/2015 9:40
989001003072139 M 559 1.83 N 5/20/2015 9:40
989001003072139 M 555 1.85 Y 5/16/2015 10:30
989001003072133 F 500 1.27 N 5/20/2015 9:40
989001003072133 F 501 1.26 Y 5/11/2015 8:00
989001003072307 F 461 1.06 Y 5/20/2015 9:40
989001003072353 F 610 2.59 Y 5/20/2015 9:40
989001003072359 U 147 * Y 5/20/2015 10:25
989001003072309 U 133 * Y 5/20/2015 10:25
989001003072400 U 325 0.36 Y 5/20/2015 10:25
989001003072400 F 457 1.1 N 11/9/2015 11:25
989001003072400 F 468 1.18 N 4/7/2016 9:50
989001003072400 F 572 2.01 N 4/5/2017 13:00
989001003072301 U 128 * Y 5/20/2015 10:25
989001003072149 M 555 1.64 Y 5/10/2015 8:00
989001003072198 F 573 2.1 Y 5/10/2015 8:00
989001003072123 F 618 2.59 Y 5/10/2015 8:00
989001003072123 F 615 2.54 N 5/16/2015 10:30
989001003072172 F 555 1.86 Y 5/10/2015 8:00



989001003072163
989001003072119
989001003072119
989001003072102
989001003072179
989001003072152
989001003072127
989001003072192
989001003072183
989001003072178
989001003072182
989001003072193
989001003072136
989001003072187
989001003072141
989001003072151
989001003072161
989001003072174
989001003072106
989001003072140
989001003072114
989001003072155
989001003072158
989001003072308
989001003072306
989001003072316
989001003072358
989001003072358
989001003072196
989001003072279
989001003072111
989001003072150
989001003072186
989001003072144
989001003072144
989001003072190
989001003072171
989001003072126
989001003072184
989001003072134
989001003072176
989001003072527

500
501
495
590
610
648
411
335
617
625
456
610
335
440
505
525
565
305
625
581
447
457
455
675
529
243
525
550
610
550
405
595
410
570

555
195
280
580
455
655
580

1.34
1.35
1.37
2.32
2.67
3.02
0.7

0.4

2.84
2.53
1.08
2.39
0.38
0.88
1.46
151
2.19
0.3

2.94
2.18
0.93
1.13
1.04
3.07
1.55
0.14
1.26
1.7

2.58
2.12
0.69
2.8

0.67
2.42

1.71
0.07
0.23
2.16
1.42
3.14
2.08

K<< <X Z L LZL<ZL<LL LX< << <2<

5/10/2015 8:00
5/10/2015 8:00
5/16/2015 10:30
5/10/2015 8:00
5/10/2015 8:00
5/10/2015 8:00
5/10/2015 8:00
5/10/2015 8:00
5/10/2015 8:00
5/10/2015 8:00
5/10/2015 8:00
5/10/2015 8:00
5/10/2015 8:00
5/10/2015 8:00
5/10/2015 8:00
5/10/2015 8:00
5/10/2015 8:00
5/10/2015 10:40
5/11/2015 8:00
5/11/2015 8:00
5/11/2015 8:00
5/11/2015 8:00
5/11/2015 8:00
5/21/2015 9:00
5/21/2015 9:00
5/21/2015 8:16
5/21/2015 8:16
10/6/2015 11:30
5/16/2015 10:30
5/16/2015 10:30
5/16/2015 10:30
5/16/2015 10:30
5/16/2015 10:30
5/16/2015 10:30
10/27/2015 11:25
5/16/2015 10:30
5/16/2015 10:30
5/16/2015 10:30
5/16/2015 10:30
5/16/2015 10:30
5/16/2015 10:30
10/6/2015 10:34



989001003072567
989001003072349
989001003072382
989001003072310
989001003072310
989001003072396
989001003072396
989001003072363
989001003072363
989001003072363
989001003072325
989001003072325
989001003072325
989001003072384
989001003072372
989001003072372
989001003072372
989001003072507
989001003072507
989001003072336
989001003072336
989001003072352
989001003072467
989001003072490
989001003072424
989001003072477
989001003072477
989001003072520
989001003072374
989001003072411
989001003072410
989001003072405
989001003072489
989001003072501
989001003072501
989001003072501
989001003072368
989001003072368
989001003072330
989001003072330
989001003072350
989001003072528

410
552
315
447
464
585
595
536
541
546
475
545
596
495
415
415
415
393
394
420
450
545
393
357
537
530
535
554
400
450
417
464
484
539
539
540
607
618
568
590
478
593

0.89
2.01
0.37
1.06
1.07
3.04
2.74
2.04
1.97

1.32
1.95
2.6

1.44
0.92
0.81
0.8

0.69
0.7

0.9

1.07
1.85
0.75
0.58
1.85
16

1.66
2.12
0.85
1.05
0.85
1.15
1.46
1.75
1.68
1.72
2.49
2.48
2.66
261
1.4

2.33
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10/6/2015 10:34
10/6/2015 10:34
10/6/2015 11:30
10/6/2015 17:35
4/6/2016 14:50
10/6/2015 17:35
4/13/2016 10:21
10/6/2015 17:35
10/22/2015 9:45
11/9/2015 10:55
10/6/2015 17:35
6/7/2016 9:03
11/4/2016 10:20
10/6/2015 17:35
10/6/2015 17:35
10/7/2015 11:25
10/28/2015 8:05
10/7/2015 9:35
10/16/2015 14:30
10/7/2015 9:35
4/6/2016 9:40
10/7/2015 9:35
10/7/2015 10:20
10/7/2015 10:30
10/7/2015 10:30
10/7/2015 10:30
11/7/2015 12:45
10/7/2015 10:40
10/7/2015 11:25
10/7/2015 11:25
10/7/2015 11:25
10/7/2015 11:25
10/7/2015 11:25
10/8/2015 8:15
10/21/2015 9:00
11/6/2015 12:10
10/8/2015 8:15
4/11/2016 15:17
10/8/2015 8:15
4/6/2016 9:40
10/8/2015 8:15
10/8/2015 8:15
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989001003072479
989001003072315
989001003072514
989001003072514
989001003072566
989001003072439
989001003072421
989001003072421
989001003072571
989001003072571
989001003072588
989001003072588
989001003072517
989001003072517
989001003072515
989001003072337
989001003072337
989001003072498
989001003072498
989001003072586
989001003072586
989001003072586
989001003072470
989001003072546
989001003072590
989001003072506
989001003072577
989001003072577
989001003072530
989001003072530
989001003072600
989001003072600
989001003072422
989001003072442
989001003072442
989001003072419
989001003072419
989001003072593
989001003072593
989001003072595
989001003072346
989001003072632
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425
437
481
483
427
450
521
520
425
435
455
480
80

529
475
611
631
530
535
575
580
591
541
435
505
449
560
577
540
458
412
478
560
585
606
535
541
490
547
455
484
470

0.92
1.02
1.33
1.3

0.79
1.07
1.59
1.52
0.97
1.06
1.18
1.35
0.61
1.47
1.29
2.69
231
2.0

1.99
2.22
2.24
2.1

2.05
1.02
1.48
1.03
241
2.32
1.88
2.02
0.72
1.23
2.28
2.14
2.01
1.73
1.8

1.45
1.96
1.22
1.34
1.35

K<< ZXZ<KXZK<Z<KXZ<KXZ<XKLK<XK<KZZKZ<KZ<K<K<Z<K<Z<Z<Z<=<<2Z<<=x

10/8/2015 8:15
10/8/2015 9:10
10/8/2015 9:10
10/16/2015 8:55
10/8/2015 9:10
10/8/2015 9:10
10/8/2015 9:15
10/14/2015 11:15
10/14/2015 8:50
11/5/2015 10:24
10/14/2015 8:50
4/6/2016 14:50
10/14/2015 10:06
10/19/2016 15:30
10/14/2015 10:06
10/14/2015 11:15
6/8/2016 7:15
10/14/2015 11:15
10/19/2015 15:30
10/14/2015 12:15
11/3/2015 10:17
4/14/2016 9:07
10/14/2015 12:15
10/14/2015 12:15
10/15/2015 9:30
10/15/2015 9:30
10/15/2015 9:30
4/14/2016 9:07
10/15/2015 9:30
4/12/2016 11:30
10/15/2015 9:30
6/8/2016 10:20
10/15/2015 10:35
10/15/2015 10:35
4/12/2016 9:20
10/15/2015 10:35
11/8/2015 14:05
10/15/2015 8:35
10/24/2016 7:30
10/15/2015 8:35
10/15/2015 8:35
10/15/2015 12:20
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989001003072632
989001003072458
989001003072623
989001003072623
989001003072607
989001003072651
989001003072651
989001003072625
989001003072625
989001003072675
989001003072606
989001003072606
989001003072606
989001003072604
989001003072615
989001003072615
989001003072615
989001003072602
989001003072621
989001003072621
989001003072621
989001003072618
989001003072618
989001003072614
989001003072631
989001003072656
989001003072661
989001003072661
989001003072661
989001003072613
989001003072613
989001003072608
989001003072639
989001003072639
989001003072617
989001003072636
989001003072601
989001003072601
989001003072699
989001003072624
989001003072658
989001003072630

493
465
470
491
430
460
472
510
510
550
457
464
582
198
504
509
525
406
440
440
460
610
620
414
543
522
595
595
614
514
510
441
299
508
415
409
510
563
485
184
163
475

1.32
1.28
1.28
1.28
0.87
1.16
1.27
1.46
1.47
1.88
0.94
1.2

2.26
0.09
1.57
1.61
1.59
0.75
1.11
1.04
1.13
2.54
2.44
0.78
2.09
1.61
2.15
2.16
2.06
1.59
15

0.89
0.31
1.47
0.78
0.78
1.61
2.13
1.38
0.06

1.2

K<< <Z <L <LZ<L<LKZKKZZ<L<LKLKLKZKLKZZ<LKLKZZ<KLKZZ<KLKZ<KZ<K<2Z<<Z

4/6/2016 14:50
10/15/2015 11:37
10/15/2015 11:37
4/6/2016 9:40
10/15/2015 11:37
10/15/2015 11:37
11/9/2015 9:26
10/15/2015 11:37
11/3/2015 11:50
10/15/2015 11:37
10/16/2015 8:00
11/7/2015 11:15
11/5/2016 10:15
10/16/2015 8:55
10/16/2015 9:47
10/27/2015 8:20
4/12/2016 9:20
10/16/2015 9:47
10/16/2015 9:47
10/21/2015 14:35
4/7/2016 9:50
10/16/2015 9:47
4/6/2016 17:30
10/16/2015 14:30
10/16/2015 14:30
10/16/2015 14:30
10/16/2015 16:15
10/21/2015 14:35
4/6/2016 9:40
10/16/2015 16:15
4/7/2016 8:45
10/16/2015 16:15
10/16/2015 15:35
10/21/2016 11:09
10/16/2015 15:35
10/16/2015 15:35
10/16/2015 15:35
71212017 7:57
10/17/2015 8:50
10/17/2015 10:57
10/17/2015 10:57
10/17/2015 10:57
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989001003072630
989001003072630
989001003072620
989001003072652
989001003072635
989001003072663
989001003072642
989001003072642
989001003072642
989001003072669
989001003072669
989001003072669
989001003072669
989001003072665
989001003072665
989001003072644
989001003072644
989001003072644
989001003072644
989001003072644
989001003072683
989001003072683
989001003072653
989001003072653
989001003072633
989001003072672
989001003072685
989001003072647
989001003072647
989001003072671
989001003072680
989001003072680
989001003072605
989001003072629
989001003072678
989001003072659
989001003072694
989001003072694
989001003072691
989001003072499
989001003072434
989001003072500

485
485
374
165
563
455
483
493
528
449
472
501
580
469
483
438
487
496
494
559
454
468
418
559
430
279
449
196
434
161
567
580
196
515
455
586
278
504
382
503
314
422

1.16
1.14
0.53
0.05
2.26
1.18
1.4

1.48
1.67
1.02
1.22
1.36
2.1

1.22
1.32
0.88
1.37
1.3

1.29
1.78
1.08
1.03
0.94
1.97
0.9

0.26
1.07
0.06
0.89
0.05
2.11
2.11
0.07
1.67
1.12
2.63
0.26
1.42
0.62
1.57
0.33
0.84

<X Z LKL LZ KL ZLX L L LXZALZLKZZZZL<ZKZZZ<LKZZ<K<<K<<X<X2ZZ

4/6/2016 9:40
4/11/2016 15:17
10/17/2015 10:57
10/17/2015 14:41
10/17/2015 14:41
10/17/2015 14:41
10/17/2015 14:41
11/8/2015 8:55
4/5/2017 13:00
10/17/2015 11:50
4/14/2016 15:00
6/9/2016 7:55
3/29/2017 14:30
10/17/2015 15:35
4/11/2016 15:17
10/17/2015 15:35
6/1/2016 15:03
6/8/2016 10:20
6/21/2016 8:23
4/3/2017 12:45
10/17/2015 15:35
4/11/2016 15:17
10/17/2015 15:35
4/5/2017 13:00
10/17/2015 15:35
10/17/2015 15:35
10/18/2015 11:15
10/18/2015 12:30
6/15/2017 9:24
10/18/2015 12:30
10/18/2015 12:30
4/12/2016 9:20
10/18/2015 8:09
10/18/2015 8:55
10/18/2015 10:21
10/18/2015 10:21
10/27/2015 8:20
4/2/2017 12:45
10/27/2015 8:20
10/27/2015 8:20
10/27/2015 8:20
10/27/2015 8:20
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989001003072494
989001003072494
989001003072475
989001003072461
989001003072423
989001003072468
989001003072440
989001003072459
989001003072476
989001003072484
989001003072493
989001003072464
989001003072462
989001003072485
989001003072404
989001003072404
989001003072643
989001003072641
989001003072668
989001003072668
989001003072610
989001003072645
989001003072649
989001003072649
989001003072650
989001003072650
989001003072626
989001003072626
989001003072622
989001003072603
989001003072603
989001003072681
989001003072662
989001003072695
989001003072695
989001003072698
989001003072611
989001003072611
989001003072684
989001003072684
989001003072619
989001003072619

436
507
595
178
285
339
448
391
426
369
447
550
580
409
450
460
487
524
459
474
424
436
563
601
430
441
309
395
548
595
609
427
478
436
437
519
528
536
495
620
477
545

0.94
1.54
2.25
0.06
0.27
0.48
0.99
0.68
0.78
0.61
1.12
191
2.43
0.8

0.96
0.97
1.42
1.75
1.12
1.08
0.88
1.03
2.08
2.19
0.92
0.96
0.32
0.79
2.02
2.6

2.45
0.9

1.33
1.07
1.04
1.58
1.58
1.59
1.47
2.73
1.33
2.02

Z<<Z<<Z<<<<XZ << <<<Z<<<L<Z<Z<Z<<<<Z<<<<L<Z<<< << << << <<<=<=<2ZX

10/27/2015 8:20
4/3/2017 12:45
10/27/2015 10:35
10/27/2015 11:25
10/28/2015 8:05
10/28/2015 8:05
10/28/2015 8:05
10/28/2015 8:05
10/28/2015 8:05
10/28/2015 9:25
10/28/2015 10:15
10/28/2015 10:15
10/28/2015 10:15
10/28/2015 11:30
10/28/2015 13:00
4/6/2016 14:50
10/19/2015 9:10
10/19/2015 15:30
10/19/2015 15:30
4/14/2016 16:00
10/19/2015 15:30
10/19/2015 15:30
10/19/2015 15:30
4/3/2017 12:45
10/20/2015 8:10
4/6/2016 9:40
10/20/2015 11:00
6/15/2016 7:43
10/20/2015 11:00
10/20/2015 11:00
4/14/2016 16:00
10/20/2015 11:00
10/20/2015 11:00
10/20/2015 11:00
10/21/2015 11:35
10/20/2015 11:00
10/20/2015 13:50
4/6/2016 17:30
10/20/2015 13:50
10/22/2016 8:00
10/20/2015 13:50
10/20/2016 14:00
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989001003072660 F 439 0.95 Y 10/20/2015 9:00
989001003072660 F 465 1.14 N 4/7/2016 15:13
989001003072654 F 444 1.02 Y 10/20/2015 13:00
989001003072654 F 464 1.14 N 4/12/2016 11:30
989001003072674 F 529 1.69 Y 10/21/2015 9:00
989001003072609 F 570 2.01 Y 10/21/2015 9:00
989001003072609 F 574 2.04 N 4/13/2016 11:10
989001003072609 F 565 1.93 N 6/1/2016 15:03
989001003072634 M 438 1.05 Y 10/21/2015 9:00
989001003072634 M 450 1.01 N 4/6/2016 9:40
989001003072627 M 473 1.17 Y 10/21/2015 9:00
989001003072676 F 497 1.63 Y 10/21/2015 9:00
989001003072682 M 537 2.0 Y 10/21/2015 9:00
989001003072677 M 418 0.75 Y 10/21/2015 9:00
989001003072646 U 239 0.17 Y 10/21/2015 10:25
989001003072648 U 257 0.18 Y 10/21/2015 10:25
989001003072657 F 435 0.97 Y 10/21/2015 11:35
989001003072612 M 525 1.74 Y 10/21/2015 11:35
989001003072679 F 550 2.17 Y 10/21/2015 11:35
989001003072655 M 410 0.87 Y 10/21/2015 11:35
989001003072640 F 559 2.05 Y 10/21/2015 11:35
989001003072696 M 545 191 Y 10/21/2015 11:35
989001003072689 F 439 1.01 Y 10/21/2015 13:30
989001003072689 F 470 1.27 N 11/3/2016 9:50
989001003072700 F 460 1.18 Y 10/21/2015 13:30
989001003072690 M 452 1.14 Y 10/21/2015 13:30
989001003072664 M 522 1.98 Y 10/21/2015 13:30
989001003072670 M 556 1.87 Y 10/21/2015 13:30
989001003072638 M 450 1.18 Y 10/21/2015 13:30
989001003072688 M 444 0.99 Y 10/21/2015 13:30
989001003072687 F 383 0.64 Y 10/21/2015 14:35
989001003072687 F 401 0.83 N 4/7/2016 8:45
989001003072687 M 546 1.83 N 4/3/2017 12:45
989001003072666 F 573 2.2 Y 10/21/2015 14:35
989001003072666 F 581 2.11 N 4/15/2016 8:30
989001003072686 F 423 1.02 Y 10/21/2015 14:35
989001003072686 F 435 1.06 N 11/7/2015 10:16
989001003072637 F 541 1.99 Y 10/21/2015 14:35
989001003072637 F 542 1.97 N 10/22/2015 9:45
989001003072637 M 645 3.17 N 10/19/2016 10:20
989001003072637 M 640 3.04 N 11/3/2016 10:32
989001003072692 F 452 1.18 Y 10/21/2015 14:35
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989001003072693 M 522 1.66 Y 10/21/2015 14:35
989001003072628 M 617 2.65 Y 10/21/2015 14:35
989001003072697 F 438 1.09 Y 10/22/2015 8:00
989001003072616 M 515 1.58 Y 10/22/2015 9:05
989001003072673 M 536 1.88 Y 10/22/2015 9:45
989001003072667 F 600 2.36 Y 10/22/2015 9:45
989001003072482 M 452 1.03 Y 11/3/2015 10:17
989001003072432 M 522 1.43 Y 11/3/2015 10:17
989001003072432 M 529 1.43 N 4/12/2016 11:30
989001003072417 F 442 0.98 Y 11/4/2015 9:10
989001003072444 F 375 0.56 Y 11/4/2015 10:45
989001003072444 F 394 0.69 N 4/14/2016 15:00
989001003072480 U 250 0.15 Y 11/4/2015 10:45
989001003072428 M 475 1.29 Y 11/4/2015 10:45
989001003072406 F 478 1.33 Y 11/4/2015 10:45
989001003072406 M 617 2.53 N 4/2/2017 10:10
989001003072406 M 615 2.51 N 4/5/2017 9:30
989001003072456 U 272 0.25 Y 11/4/2015 10:05
989001003072431 F 545 1.94 Y 11/4/2015 11:35
989001003072431 F 550 1.86 N 4/6/2016 17:30
989001003072437 F 510 1.37 Y 11/4/2015 12:25
989001003072463 F 433 0.96 Y 11/5/2015 10:24
989001003072402 M 618 2.88 Y 11/5/2015 10:24
989001003072466 M 525 1.78 Y 11/5/2015 10:24
989001003072429 F 575 2.18 Y 11/5/2015 10:24
989001003072429 F 580 2.08 N 4/11/2016 15:17
989001003072558 M 462 1.15 Y 11/5/2015 10:24
989001003072473 U 305 0.12 Y 11/5/2015 9:35
989001003072436 M 434 1.02 Y 11/5/2015 9:35
989001003072497 M 505 1.72 Y 11/5/2015 9:35
989001003072516 F 398 0.76 Y 11/5/2015 13:10
989001003072516 F 542 1.72 N 4/2/2017 10:10
989001003072594 F 494 1.63 Y 11/5/2015 14:00
989001003072584 F 391 0.65 Y 11/5/2015 14:00
989001003072589 M 492 1.53 Y 11/6/2015 9:45
989001003072549 F 539 1.99 Y 11/6/2015 11:10
989001003072548 F 521 1.95 Y 11/6/2015 11:10
989001003072556 F 568 2.43 Y 11/6/2015 11:10
989001003072550 F 625 2.93 Y 11/6/2015 11:10
989001003072550 F 624 2.37 N 6/2/2016 11:02
989001003072511 F 538 1.85 Y 11/6/2015 12:10
989001003072518 U 238 0.15 Y 11/6/2015 12:10



989001003072562
989001003072562
989001003072542
989001003072542
989001003072585
989001003072585
989001003072579
989001003072544
989001003072598
989001003072598
989001003072598
989001003072525
989001003072525
989001003072559
989001003072574
989001003072574
989001003072522
989001003072557
989001003072557
989001003072561
989001003072596
989001003072537
989001003072573
989001003072597
989001003072581
989001003072552
989001003072552
989001003072580
989001003072580
989001003072575
989001003072575
989001003072587
989001003072554
989001003072513
989001003072519
989001003072539
989001003072541
989001003072541
989001003072540
989001003072540
989001003072502
989001003072592

TTZLLLLTOCTTZLLLLLLT T COCLITZLLLLLIL LT AT AL TS T T O S T T T

447
442
390
407
526
530
443
184
468
494
633
455
604
410
484
561
475
569
570
466
447
469
542
532
197
452
450
461
468
574
577
455
447
429
262
350
575
583
414
424
558
476

1.07
0.86
0.73
0.83
1.72
1.67
1.25
0.11
1.3

1.48
2.97
1.12
2.79
0.85
1.55
2.5

1.2

1.96
1.83
1.23
1.06
1.23
1.93
1.84
0.09
1.11
0.88
1.26
1.24
2.16
2.06
1.04
1.09
0.88
0.15
0.52
2.16
2.11
0.82
0.85
2.0

1.21

K <Z<<Z << << <<<Z<XZ<XZ<<<L<<<<<<<<<Z<K<Z<<K2Z<K2Z22<<<2<2<2<

11/6/2015 10:26
6/16/2016 6:34
11/7/2015 10:16
4/15/2016 8:30
11/7/2015 9:38
4/12/2016 9:20
11/7/2015 9:38
11/7/2015 11:15
11/7/2015 12:45
4/12/2016 11:30
11/6/2016 10:52
11/7/2015 12:45
4/2/2017 12:45
11/7/2015 12:45
11/7/2015 12:45
6/22/2016 8:20
11/7/2015 12:45
11/7/2015 12:45
4/6/2016 9:40
11/7/2015 12:45
11/7/2015 12:45
11/7/2015 12:45
11/7/2015 12:45
11/8/2015 8:55
11/8/2015 8:55
11/8/2015 11:25
6/1/2016 15:03
11/8/2015 11:25
4/6/2016 9:40
11/8/2015 11:25
4/6/2016 17:30
11/8/2015 11:25
11/8/2015 9:50
11/8/2015 9:50
11/8/2015 9:50
11/8/2015 9:50
11/8/2015 14:05
4/7/2016 9:50
11/8/2015 14:05
4/6/2016 9:40
11/8/2015 14:05
11/8/2015 15:10
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989001003072592
989001003072505
989001003072526
989001003072512
989001003072560
989001003072533
989001003072547
989001003072583
989001003072583
989001003072535
989001003072535
989001003072599
989001003072553
989001003072524
989001003072569
989001003072578
989001003072578
989001003072510
989001003072521
989001003072504
989001003072538
989001003072551
989001003072551
989001003072565
989001003072508
989001003072701
989001003072714
989001003072760
989001003072752
989001003072707
989001003072707
989001003072738
989001003072789
989001003072708
989001003072786
989001003072742
989001003072746
989001003072720
989001003072778
989001003072779
989001003072733
989001003072743

615
496
490
511
193
313
358
423
434
458
574
477
573
460
456
467
565
457
400
474
612
605
604
557
439
496
465
434
441
465
430
430
509
477
569
428
441
461
421
429
481
448

2.58
1.34
1.34
1.32
0.31
0.42
0.51
0.94
0.89
1.05
2.23
1.21
2.26
1.17
1.08
2.02
1.92
1.13
0.82
1.08
2.36
2.3

2.22
1.97
1.07
1.4

1.1

0.9

0.99
1.02
0.58
0.82
1.48
1.3

2.11
0.81
0.92
1.01
0.98
0.92
1.22
1.08

K<< <L Z LI Z L Z L ZZL< << <<2Z

4/5/2017 13:00
11/8/2015 15:10
11/8/2015 15:10
11/8/2015 15:10
11/9/2015 9:26
11/9/2015 9:26
11/9/2015 9:26
11/9/2015 10:10
4/12/2016 9:20
11/9/2015 10:10
4/11/2016 15:17
4/6/2016 9:40
4/6/2016 9:40
4/6/2016 9:40
4/6/2016 9:40
4/6/2016 9:40
4/11/2016 15:17
4/6/2016 9:40
4/6/2016 9:40
4/6/2016 9:40
4/6/2016 9:40
4/6/2016 9:40
4/15/2016 8:30
4/6/2016 9:40
4/6/2016 9:40
4/6/2016 9:40
4/6/2016 9:40
4/6/2016 9:40
4/6/2016 9:40
4/6/2016 9:40
6/28/2017 8:00
4/6/2016 9:40
4/6/2016 9:40
4/6/2016 9:40
4/6/2016 9:40
4/6/2016 9:40
4/7/2016 9:50
4/7/2016 9:50
4/7/2016 9:50
4/7/2016 9:50
4/7/2016 9:50
4/7/2016 9:50
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989001003072767
989001003072744
989001003072795
989001003072704
989001003072749
989001003072749
989001003072706
989001003072706
989001003072792
989001003072721
989001003072717
989001003072717
989001003072717
989001003072756
989001003072705
989001003072763
989001003072763
989001003072771
989001003072770
989001003072770
989001003072793
989001003072783
989001003072718
989001003072740
989001003072740
989001003072740
989001003072787
989001003072759
989001003072759
989001003072791
989001003072791
989001003072791
989001003072732
989001003072768
989001003072768
989001003072768
989001003072799
989001003072753
989001003072737
989001003072745
989001003072725
989001003072773

613
422
393
550
426
455
580
575
428
459
389
390
458
370
470
481
620
387
600
610
498
490
530
332
339
432
444
579
580
450
465
486
480
453
512
513
470
409
677
425
440
424

2.53
0.95
0.71
1.41
0.33
1.06
2.14
2.08
0.87
1.15
0.77
0.77
1.24
0.57
1.11
1.29
2.56
0.69
2.57
2.46
1.47
1.32
1.81
0.42
0.46
0.9

1.09
2.19
2.15
1.14
0.83
1.33
1.36
1.0

1.59
1.38
1.08
0.96
3.69
0.92
1.1

0.87

K<< << <ZZ<X<L<ZZ<XZ<<<L<ZZ <K<K <LZ<<XZ<<<L<<<Z2Z<<K<Z<2Z2<=<<=<H=

4/7/2016 9:50
4/7/2016 9:50
4/7/2016 9:50
4/6/2016 14:50
4/6/2016 14:50
6/2/2016 11:02
4/6/2016 14:50
4/12/2016 11:30
4/6/2016 14:50
4/6/2016 14:50
4/6/2016 14:50
4/7/2016 11:00
10/19/2016 11:45
4/6/2016 14:50
4/6/2016 14:50
4/6/2016 14:50
4/5/2017 8:05
4/6/2016 14:50
4/6/2016 14:50
4/6/2017 10:48
4/6/2016 16:49
4/6/2016 16:49
4/6/2016 17:30
4/6/2016 17:30
6/22/2016 7:05
4/5/2017 8:05
4/6/2016 17:30
4/6/2016 17:30
4/13/2016 10:21
4/6/2016 17:30
6/15/2016 7:05
4/2/2017 12:45
4/6/2016 17:30
4/6/2016 17:30
11/5/2016 10:15
4/3/2017 14:30
4/6/2016 17:30
4/6/2016 17:30
4/6/2016 17:30
4/7/2016 8:45
4/7/2016 8:45
4/7/2016 8:45
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989001003072796
989001003072797
989001003072794
989001003072772
989001003072781
989001003072790
989001003072715
989001003072758
989001003072723
989001003072719
989001003072719
989001003072729
989001003072762
989001003072735
989001003072769
989001003072741
989001003072785
989001003072874
989001003072868
989001003072868
989001003072868
989001003072884
989001003072862
989001003072894
989001003072848
989001003072858
989001003072897
989001003072816
989001003072856
989001003072881
989001003072881
989001003072808
989001003072804
989001003072832
989001003072807
989001003072860
989001003072845
989001003072888
989001003072888
989001003072877
989001003072873
989001003072851

509
414
302
610
464
272
416
491
659
529
530
531
337
430
455
316
489
124
467
510
521
502
551
279
404
468
464
198
627
500
530
444
526
455
449
451
506
581
584
265
385
484

1.45
0.76
0.34
2.82
1.34
0.23
0.9

1.29
3.45
1.65
1.64
1.76
0.88
0.89
1.13
0.4

1.3

1.13
1.54
1.23
1.37
1.72
0.24
0.78
1.13
1.09
0.08
2.72
1.49
1.9

1.09
1.76
1.07
1.15
1.61
1.45
2.15
2.14
0.22
0.75
1.4

K< Z <L LZ L LLLCLZZLLLLLLLLZLL<KLK<K<K<X

4/7/2016 8:45
4/7/2016 8:45
4/7/2016 8:45
4/7/2016 15:13
4/7/2016 11:00
4/8/2016 8:41
4/8/2016 8:41
4/8/2016 8:41
4/7/2016 13:20
4/7/2016 13:20
10/21/2016 15:51
4/7/2016 13:20
4/7/2016 13:20
4/7/2016 13:20
4/7/2016 13:20
4/7/2016 13:20
4/7/2016 13:20
4/15/2016 9:30
4/12/2016 11:30
10/20/2016 12:03
6/22/2017 7:56
4/12/2016 11:30
4/12/2016 11:30
4/12/2016 11:30
4/12/2016 11:30
4/13/2016 11:55
4/13/2016 11:55
4/13/2016 11:10
4/13/2016 8:50
4/13/2016 9:25
10/19/2016 10:20
4/13/2016 10:21
4/13/2016 10:21
4/14/2016 16:00
4/14/2016 16:00
4/14/2016 16:00
4/14/2016 16:00
4/14/2016 15:00
4/2/2017 11:40
4/14/2016 15:00
4/14/2016 15:00
4/14/2016 15:00
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989001003072867
989001003072853
989001003072871
989001003072836
989001003072820
989001003072811
989001003072899
989001003072822
989001003072870
989001003072896
989001003072864
989001003072895
989001003072863
989001003072889
989001003072837
989001003072880
989001003072841
989001003072841
989001003072883
989001003072817
989001003072835
989001003072855
989001003072842
989001003072891
989001003072828
989001003072828
989001003072818
989001003072869
989001003072838
989001003072859
989001003072882
989001003072823
989001003072830
989001003072821
989001003072813
989001003072813
989001003072833
989001003072734
989001003072709
989001003072748
989001003072748
989001003072755

575
446
330
430
475
423
287
517
575
503
561
510
502
539
240
238
484
610
309
359
501
444
577
406
449
445
434
622
450
466
585
410
470
550
540
557
408
496
513
434
431
496

1.91
1.01
0.46
0.96
1.28
0.88
0.26
1.62
2.19
1.44
2.14
151
1.37
1.99
0.14
0.12
1.3

2.39
1.34
0.53
1.38
0.98
2.02
0.68
0.87
0.88
0.9

2.77
0.99
1.1

2.45
0.83
1.19
1.83
1.77
1.96
0.82
1.34
1.39
0.93
0.75
1.49
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4/14/2016 15:00
4/14/2016 15:00
4/14/2016 15:00
4/14/2016 15:00
4/14/2016 11:38
4/14/2016 9:07
4/14/2016 9:07
4/14/2016 9:07
4/14/2016 9:07
4/14/2016 9:07
4/14/2016 9:07
4/14/2016 9:07
4/14/2016 9:07
4/14/2016 9:07
4/14/2016 9:07
4/14/2016 9:07
4/14/2016 9:07
4/5/2017 8:05
4/14/2016 9:07
4/14/2016 9:07
4/14/2016 9:07
4/14/2016 9:07
4/14/2016 9:07
4/14/2016 9:07
4/14/2016 9:07
4/15/2016 8:30
4/14/2016 9:07
4/14/2016 9:07
4/14/2016 9:07
4/14/2016 9:07
4/15/2016 8:30
4/15/2016 8:30
4/15/2016 8:30
4/15/2016 8:30
4/15/2016 8:30
11/6/2016 9:56
4/15/2016 8:30
4/12/2016 9:20
4/12/2016 9:20
4/12/2016 9:20
6/15/2016 7:43
4/12/2016 9:20
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989001003072730
989001003072751
989001003072784
989001003072776
989001003072782
989001003072782
989001003072898
989001003072824
989001003072824
989001003072825
989001003072754
989001003072892
989001003072765
989001003072728
989001003072712
989001003072731
989001003072757
989001003072702
989001003072775
989001003072798
989001003072774
989001003072774
989001003072739
989001003072727
989001003072711
989001003072722
989001003072713
989001003072788
989001003072777
989001003072777
989001003072777
989001003072777
989001003072800
989001003072764
989001003072716
989001003072750
989001003072766
989001003072766
989001003072726
989001003072747
989001003072703
989001003072761

616
439
484
480
395
460
547
467
517
585
486
621
396
565
520
465
272
500
448
459
444
565
527
448
525
320
540
631
481
475
525
530
468
520
555
648
468
529
554
513
595
523

2.65
0.9

1.3

1.2

0.74
1.19
1.85
1.19
1.72
1.96
1.4

2.74
0.77
1.85
1.62
1.11
0.23
1.25
0.96
1.12
1.75
2.08
1.82
1.01
151
0.37
1.75
3.0

1.33
1.31
1.79
1.77
1.14
1.59
1.91
2.89
1.16
1.3

2.12
1.68
2.59
1.65

K<< <Z << LZZZ<<X <L LZL<X<LXLLLXLCL<K<Z<K<Z<<<=<=

4/12/2016 9:20
4/12/2016 9:20
4/12/2016 9:20
4/12/2016 9:20
4/12/2016 9:20
4/2/2017 12:45
4/12/2016 9:20
4/12/2016 9:20
4/2/2017 12:45
4/12/2016 9:20
4/12/2016 9:20
4/12/2016 9:20
4/11/2016 15:17
4/11/2016 15:17
4/11/2016 15:17
4/11/2016 15:17
4/11/2016 15:17
4/11/2016 15:17
4/11/2016 15:17
4/11/2016 15:17
4/11/2016 15:17
10/19/2016 13:50
4/11/2016 15:17
4/11/2016 15:17
4/11/2016 15:17
4/11/2016 15:17
4/11/2016 15:17
4/11/2016 15:17
4/11/2016 15:17
4/14/2016 9:07
11/4/2016 10:20
4/4/2017 10:00
4/11/2016 15:17
4/11/2016 15:17
4/11/2016 15:17
4/11/2016 15:17
4/11/2016 15:17
6/15/2017 9:24
4/11/2016 15:17
4/11/2016 15:17
4/11/2016 15:17
4/11/2016 15:17

152



989001003072710
989001003072724
989001003072724
989001003072736
989001003072780
989001003072939
989001003072939
989001003072916
989001003072931
989001003072931
989001003072931
989001003073083
989001003073009
989001003072927
989001003072927
989001003072945
989001003072945
989001003072945
989001003073041
989001003073041
989001003073080
989001003072933
989001003073097
989001003073064
989001003073021
989001003073071
989001003072922
989001003072922
989001003072922
989001003072925
989001003072925
989001003073089
989001003073095
989001003073095
989001003072904
989001003072930
989001003072930
989001003073038
989001003073084
989001003073058
989001003073058
989001003073098

511
579
569
585
586
430
431
462
505
505
512
434
532
555
565
395
385
480
504
558
487
340
105
524
515
472
465
535
538
467
544
333
496
570
480
489
495
108
442
425
499
495

1.47
1.98
151
1.95
2.15
0.81
0.8

1.28
1.73
1.69
1.64
1.12
1.46
2.14
2.17
0.75
0.75
1.34
1.74
2.35
1.12
0.54

1.61
1.49
1.05
1.29
2.01
1.41
1.25
1.73
0.46
1.72
1.81
1.23
1.26
1.32

1.1
0.99
1.38
1.6

KZ X< <<XZ<X<Z<<<XZ<XZZ<<X<<<<L<<K<L<Z<K<ZZ<KZ<<<<2Z22Z2<<2<<=<x2=<x

4/11/2016 15:17
4/11/2016 15:17
6/8/2016 10:09
4/11/2016 15:17
4/11/2016 15:17
6/1/2016 10:42
6/3/2016 9:15
6/1/2016 12:25
6/1/2016 12:25
6/7/2016 9:05
6/21/2016 8:06
6/2/2016 8:40
6/2/2016 11:02
6/2/2016 13:08
6/15/2016 7:43
6/2/2016 10:36
6/8/2016 10:09
4/2/2017 12:45
6/2/2016 13:00
11/2/2016 10:23
6/2/2016 13:00
6/2/2016 11:30
6/3/2016 9:15
6/3/2016 9:15
6/3/2016 9:15
6/3/2016 9:15
6/3/2016 8:45
10/20/2016 12:03
6/30/2017 10:35
6/3/2016 8:45
4/2/2017 12:45
6/7/2016 7:35
6/7/2016 7:35
6/15/2017 8:23
6/7/2016 9:05
6/7/2016 9:05
6/21/2016 9:02
6/8/2016 8:42
6/8/2016 10:09
6/8/2016 10:09
4/6/2017 10:02
6/8/2016 10:09
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* 0] 117 * N 6/8/2016 10:09
989001003072918 F 451 1.19 Y 6/8/2016 9:12
989001003072968 F 485 1.35 Y 6/8/2016 9:12
989001003072935 F 513 1.74 Y 6/8/2016 10:20
989001003072935 M 580 2.52 N 10/19/2016 10:20
989001003072935 M 603 2.49 N 4/5/2017 13:00
989001003072905 F 460 1.24 Y 6/8/2016 11:40
989001003073024 F 590 1.97 Y 6/9/2016 8:20
989001003073027 F 371 0.7 Y 6/14/2016 7:46
989001003072990 F 384 0.69 Y 6/15/2016 7:05
989001003072953 F 410 0.83 Y 6/15/2016 7:43
989001003072937 F 540 1.88 Y 6/15/2016 7:43
989001003073043 U 130 * Y 6/16/2016 7:00
989001003073026 U 441 1.11 Y 6/15/2016 9:30
989001003073003 F 522 1.75 Y 6/15/2016 9:30
989001003073003 M 570 2.13 N 11/3/2016 10:32
* U 100 * N 6/21/2016 8:30
989001003072908 F 515 1.65 Y 6/21/2016 8:06
989001003072908 M 575 2.29 N 10/21/2016 11:09
989001003072965 F 424 0.86 Y 6/22/2016 7:05
989001003072965 F 493 1.33 N 4/2/2017 12:45
989001005493361 F 453 0.77 N 6/22/2016 7:05
989001003072902 U 124 * Y 6/22/2016 6:40
989001003072929 F 386 0.73 Y 6/22/2016 9:00
989001003073090 F 457 1.3 Y 6/22/2016 8:20
989001003073069 F 469 1.18 Y 6/22/2016 8:20
989001003073020 F 495 1.58 Y 6/22/2016 9:23
989001003072926 U 135 * Y 6/23/2016 8:00
989001003072943 U 145 * Y 6/23/2016 8:20
989001003072915 F 419 0.94 Y 6/23/2016 6:50
989001003072992 F 586 2.09 Y 6/23/2016 6:50
989001003072992 F 610 2.79 N 10/19/2016 13:50
989001003072941 F 500 1.49 Y 6/23/2016 6:50

* U 109 * N 6/23/2016 8:00

* U 111 * N 6/23/2016 8:20
989001003072108 F 555 2.01 Y 5/11/2015 7:20
989001003072957 F 470 1.39 Y 10/18/2016 15:38
989001003072923 F 620 3.25 Y 10/18/2016 15:38
989001003072940 U 200 0.1 Y 10/19/2016 11:45
989001003072958 F 527 191 Y 10/19/2016 11:45
989001003072958 F 545 1.87 N 4/5/2017 11:45
989001003072971 F 360 0.57 Y 10/19/2016 13:50



989001003072970
989001003072984
989001003072984
989001003072947
989001003072966
989001003072969
989001003072980
989001003072964
989001003072961
989001003073029
989001003073074
989001003072803
989001003073039
989001003073046
989001003073044
989001003073050
989001003073050
989001003073008
989001003073042
989001003073006
989001003073030
989001003073030
989001003073082
989001003073099
989001003073099
989001003073091
989001003073062
989001003073073
989001003073093
989001003073093
989001003073093
989001003073078
989001003073055
989001003073040
989001003073035
989001003073035
989001003073045
989001003073049
989001003073049
989001003073031
989001003073019
989001003073037

465
268
307
405
213
590
555
570
480
428
213
590
545
295
432
480
503
540
400
562
405
423
411
245
335
234
210
237
256
250
282
175
255
295
470
485
200
475
490
462
555
554

1.31
0.34
0.24
0.6

1.98
1.75
2.32
1.35
1.02
0.11
2.47
1.83
0.31
1.06
1.52
14

1.7

0.78
2.15
0.9

0.86
0.85
0.18
0.46
0.12
0.1

0.14
0.2

0.22
0.03
0.18
0.31
1.3

1.06
0.09
1.31
131
1.35
1.86
2.5

L Z K LCZ <L LXZZ L LZLLZXL<LLZLLLL<ZL< <K<K <<<2ZXK

10/19/2016 13:50
10/19/2016 13:50
6/21/2017 9:25
10/19/2016 13:50
10/19/2016 15:30
10/19/2016 15:30
10/19/2016 15:30
10/19/2016 15:30
10/19/2016 15:30
10/20/2016 11:05
10/20/2016 11:05
10/20/2016 11:05
10/20/2016 12:03
10/20/2016 12:03
10/20/2016 12:03
10/20/2016 12:03
4/5/2017 13:00
10/20/2016 14:49
10/21/2016 11:09
10/21/2016 11:09
10/21/2016 11:09
4/2/2017 12:45
10/21/2016 11:09
10/21/2016 12:15
6/20/2017 8:10
10/21/2016 12:15
10/21/2016 13:15
10/21/2016 13:15
10/21/2016 13:15
10/23/2016 12:15
4/5/2017 13:00
10/21/2016 13:15
10/21/2016 13:15
10/21/2016 13:15
10/21/2016 13:15
6/16/2017 7:37
10/21/2016 13:15
10/21/2016 13:15
4/5/2017 8:05
10/21/2016 13:15
10/21/2016 13:15
10/21/2016 16:35
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989001003073079
989001003073079
989001003073059
989001003073059
989001003073096
989001003073096
989001003073054
989001003073004
989001003073005
989001005493832
989001005493832
989001005493871
989001005493897
989001005493897
989001005493862
989001005493862
989001005493850
989001005493850
989001003073016
989001003073016
989001003073016
989001003073022
989001003073022
989001003073092
989001003073057
989001003073068
989001003073056
989001003073048
989001003073070
989001003073085
989001003073052
989001003073011
989001003073012
989001003073012
989001003073002
989001003073002
989001003073061
989001003073017
989001003073036
989001003073081
989001003073076
989001003073015

305
410
250
293
390
476
505
204
297
402
425
497
489
504
539

454
473
271
287
371
485
494
200
205
256
310
360
554
520
247
259
360
447
445
465
230
437
253
465
505
226

0.4

0.96
0.19
0.25
0.74
1.36
1.65
0.1

0.33
0.74
0.88
1.35
1.41
1.66

2.18
1.63
0.19
0.22
0.54
1.05
1.29
1.41
0.16
1.06
0.18
1.4

1.53
0.13

K<< LCZ<Z <L LLLLLLKZLKZZLKZL<ZL<ZL<LKZLK<L<<K<Z<2Z<2ZX

10/21/2016 16:35
6/28/2017 9:49
10/21/2016 15:51
4/5/2017 9:30
10/21/2016 15:51
6/22/2017 10:17
10/21/2016 15:51
10/22/2016 11:24
10/22/2016 11:24
10/22/2016 8:00
4/3/2017 12:45
10/22/2016 8:00
10/22/2016 8:00
4/2/2017 12:45
10/22/2016 8:40
10/23/2016 11:07
10/23/2016 7:40
4/3/2017 14:30
10/23/2016 10:05
11/4/2016 9:35
6/16/2017 7:37
10/24/2016 7:30
6/20/2017 9:13
10/23/2016 12:15
10/23/2016 12:15
10/23/2016 12:15
10/23/2016 12:15
10/23/2016 12:15
10/23/2016 11:07
10/23/2016 11:07
10/23/2016 13:20
10/23/2016 13:20
10/23/2016 13:20
6/28/2017 9:00
10/23/2016 13:20
4/3/2017 12:45
10/24/2016 7:55
10/24/2016 7:55
11/2/2016 10:23
11/2/2016 10:23
11/2/2016 10:23
11/2/2016 11:15

156



989001003073100
989001003073023
989001003073063
989001003073063
989001003073060
989001003073051
989001003073010
989001003073013
989001003073013
989001003073014
989001003073053
989001003073028
989001003073007
989001003073072
989001003073088
989001003073065
989001003073032
989001003073067
989001003073077
989001003073077
989001003073075
989001005493840
989001005493840
989001005493908
989001005493908
989001005493893
989001005493890
989001005493837
989001005493852
989001005493852
989001005493888
989001005493857
989001005493894
989001005493884
989001005493896
989001005493845
989001005493861
989001005493861
989001005493419
989001005493386
989001005493918
989001005493900

560
280
353
421
530
520
500
422
479
250
345
375
439
395
233
210
552
520
475
468
495
424
447
485
508
578
220
385
577
582
553
298
271
465
544
481
495
501
472
462
290
425

2.1
0.26
0.46
0.85
1.76
1.64
1.47
0.84
1.22
0.2

0.43
0.64
1.06
0.82
0.13
0.1

2.04
1.74
12

0.82
1.44
0.94
11

1.52
1.39
2.2

0.12
0.65
1.89
1.83
1.84
0.36
0.26
1.42
1.88
133
1.39
1.37
1.05
11

0.29
0.94

K<< <Z <L Z <L ZZLZLILLCLLCLLCL<<<Z<K<<<2Z<=<=

11/3/2016 9:07
11/3/2016 9:50
11/3/2016 10:32
6/21/2017 11:15
11/3/2016 10:32
11/3/2016 10:32
11/3/2016 11:47
11/3/2016 11:47
6/27/2017 8:05
11/3/2016 11:47
11/4/2016 8:53
11/4/2016 8:53
11/4/2016 9:35
11/4/2016 9:35
11/4/2016 9:35
11/4/2016 9:35
11/4/2016 10:20
11/4/2016 10:20
11/4/2016 10:20
6/30/2017 9:50
11/4/2016 10:20
11/4/2016 10:20
3/29/2017 14:30
11/4/2016 11:35
4/2/2017 10:10
11/4/2016 11:35
11/5/2016 8:52
11/5/2016 10:15
11/5/2016 10:15
4/5/2017 13:00
11/5/2016 10:15
11/5/2016 10:15
11/5/2016 10:15
11/5/2016 10:15
11/5/2016 10:15
11/5/2016 10:15
11/5/2016 11:15
4/6/2017 10:02
11/6/2016 10:52
11/6/2016 10:52
11/6/2016 10:52
11/6/2016 10:52
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158

989001005493912 F 315 0.4 Y 11/6/2016 10:52
989001005493885 F 460 1.19 Y 11/6/2016 10:52
989001005493914 M 392 0.87 Y 11/6/2016 10:52
989001005493909 M 590 2.26 Y 11/6/2016 9:56
989001005493886 F 495 1.52 Y 11/6/2016 9:56
989001005493886 F 503 1.4 N 4/3/2017 10:45
989001005493889 M 532 1.7 Y 11/6/2016 9:56
989001005493416 F 485 1.49 Y 11/6/2016 9:56
989001005493397 F 380 0.66 Y 11/6/2016 9:56
989001005493394 F 440 1.0 Y 11/6/2016 9:56
989001005493394 F 446 0.9 N 4/5/2017 13:00
989001005493330 U 194 0.08 Y 11/6/2016 8:05
989001005493905 U 180 0.06 Y 11/6/2016 8:05
989001005493869 U 238 0.14 Y 11/6/2016 8:05
989001005493922 F 472 1.26 Y 11/6/2016 8:42
989001005493922 F 485 1.32 N 4/2/2017 12:45
989001005493887 U 230 0.17 Y 11/6/2016 8:42
989001005493420 F 560 2.06 Y 11/6/2016 9:26
989001005493919 U 223 0.12 Y 11/7/2016 7:24
989001003072887 F 463 1.29 N 11/4/2016 10:20
989001005493358 F 374 0.62 N 11/4/2016 9:35
989001005493245 U 278 0.23 Y 3/29/2017 14:30
989001005493275 F 480 1.24 Y 3/29/2017 14:30
989001005493306 F 563 2.14 Y 4/2/2017 10:10
989001005493299 M 496 1.28 Y 4/2/2017 10:10
989001005493273 M 320 * Y 4/2/2017 10:10
989001005493247 F 483 1.23 Y 4/2/2017 11:40
989001005493277 U 300 0.23 Y 4/2/2017 11:40
989001005493240 U 379 0.66 Y 4/2/2017 11:40
989001005493322 M 562 1.8 Y 4/2/2017 11:40
989001005493322 M 563 2.01 N 4/5/2017 13:00
989001005493298 M 409 0.11 Y 4/2/2017 12:45
989001005493298 M 409 0.64 N 4/6/2017 10:02
989001005493300 F 536 1.81 Y 4/2/2017 12:45
989001005493263 F 580 2.36 Y 4/2/2017 12:45
989001005493286 F 431 1.1 Y 4/2/2017 12:45
989001005493292 F 590 2.19 Y 4/2/2017 12:45
989001005493315 F 510 1.5 Y 4/2/2017 12:45
989001005493283 M 417 0.77 Y 4/2/2017 12:45
989001005493269 U 373 0.56 Y 4/2/2017 12:45
989001005493260 F 420 0.85 Y 4/2/2017 12:45
989001005493268 F 435 1.07 Y 4/2/2017 12:45



989001005493272
989001005493287
989001005493255
989001005493259
989001005493253
989001005493253
989001005493238
989001005493290
989001005493294
989001005493293
989001005493242
989001005493289
989001005493323
989001005493241
989001005493241
989001005493226
989001005493251
989001005493309
989001005493254
989001005493266
989001005493256
989001005493316
989001005493316
989001005493313
989001005493227
989001005493408
989001005493374
989001005493409
989001005493279
989001005493249
989001005493305
989001005493317
989001005493261
989001005493295
989001005493282
989001005493282
989001005493274
989001005493301
989001005493262
989001005493237
989001005493229
989001005493244

495
324
388
505
391
450
579
443
446
524
391
500
565
475
475
330
485
388
494
437
452
415
420
598
446
498
418
476
246
237
381
578
276
560
294
361
439
584
333
279
352
330

1.4

0.34
0.52
1.38
0.64
1.19
2.39
0.99
1.03
1.93
0.8

1.42
1.94
1.46
1.39
0.41
1.14
0.69
1.26
0.93
1.05
0.79
0.71
2.14
1.07
1.14
0.91
1.2

0.13
0.16
0.63
2.16
0.12
1.82
0.3

0.54
1.07
2.2

0.43
0.25
0.49
0.36

K<< Z <L Z L Z L <Z K<<

4/2/2017 12:45
4/2/2017 12:45
4/2/2017 12:45
4/2/2017 12:45
4/2/2017 12:45
6/16/2017 6:43
4/2/2017 12:45
4/2/2017 12:45
4/2/2017 12:45
4/2/2017 12:45
4/2/2017 12:45
4/2/2017 12:45
4/2/2017 12:45
4/2/2017 12:45
4/4/2017 11:05
4/2/2017 12:45
4/2/2017 12:45
4/2/2017 12:45
4/2/2017 12:45
4/2/2017 12:45
4/2/2017 12:45
4/2/2017 12:45
6/22/2017 7:56
4/2/2017 12:45
4/2/2017 12:45
4/2/2017 12:45
4/2/2017 12:45
4/2/2017 12:45
4/3/2017 9:30

4/3/2017 9:30

4/3/2017 9:30

4/3/2017 10:45
4/3/2017 10:45
4/3/2017 10:45
4/3/2017 12:45
6/20/2017 9:13
4/3/2017 12:45
4/3/2017 12:45
4/3/2017 12:45
4/3/2017 12:45
4/3/2017 12:45
4/3/2017 12:45
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989001005493244
989001005493232
989001005493308
989001005493308
989001005493314
989001005493248
989001005493318
989001005493303
989001005493224
989001005493243
989001005493284
989001005493285
989001005493285
989001005493246
989001005493311
989001005493311
989001005493265
989001005493250
989001005493870
989001005493851
989001005493898
989001005493902
989001005493847
989001005493828
989001005493906
989001005493911
989001005493899
989001005493834
989001005493831
989001005493849
989001005493848
989001005493904
989001005493842
989001005493855
989001005493824
989001005493920
989001005493854
989001005493858
989001005493881
989001005493843
989001005493856
989001005493856

324
377
461
460
420
582
425
433
463
607
463
284
288
442
243
320
273
272
504
485
378
522
476
526
512
472
436
404
296
466
631
503
417
586
563
518
490
526
594
442
492
486

0.35
0.62
1.09
0.91
0.8

1.9

0.88
0.89
1.2

2.45
1.11
0.27
0.28
1.02
0.16
0.26
0.26
0.16
1.23
1.27
0.52
1.59
1.09
1.76
1.41
1.07
0.79
0.85
0.24
1.02
2.85
1.41
0.82
2.36
2.07
1.47
1.27
1.49
2.09
0.81
1.27
1.13

Z << << <L LZ < Z << << <2ZX=<2Z

4/5/2017 8:05

4/3/2017 12:45
4/3/2017 12:45
6/21/2017 9:25
4/3/2017 12:45
4/3/2017 12:45
4/3/2017 12:45
4/3/2017 12:45
4/4/2017 9:15

4/4/2017 10:00
4/4/2017 10:00
4/4/2017 10:00
4/5/2017 9:30

4/4/2017 11:05
4/4/2017 11:05
6/28/2017 9:36
4/4/2017 11:05
4/4/2017 11:05
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
6/21/2017 9:25
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989001005493903
989001005493836
989001005493872
989001005493873
989001005493864
989001005493252
989001005493270
989001005493296
989001005493302
989001005493320
989001005493236
989001003072819
989001005493291
989001005493278
989001005493312
989001005493264
989001005493235
989001005493297
989001005493280
989001003072455
989001005493258
989001005493267
989001005493231
989001005493234
989001005493239
989001005493228
989001005493319
989001005493233
989001005493310
989001005493230
989001005493271
989001005493288
989001005493257
989001005493225
989001005493901
989001005493910
989001005493825
989001005493838
989001005493879
989001005493860
989001005493883
989001005493882

640
519
495
526
522
507
532
515
424
535
495
465
412
540
302
527
560
460
292
362
599
365
262
361
445
621
430
306
559
318
475
338
427
396
271
421
351
376
479
521
279
466

2.88
1.67
1.46
1.58
15

1.42
1.77
1.48
0.71
1.46
1.02
1.02
0.77
2.02
0.29
151
2.14
1.11
0.25
0.61
2.35
0.55
0.2

0.6

1.09
3.02
0.98
0.28
2.12
0.43
1.25
0.43
0.89
0.69
0.22
0.87
0.57
0.65
1.37
1.58
0.16
1.21

It I I A I I I A I A I AP I I A S P I A I I I S Uk S T S I AP IS AP S S I

4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 13:00
4/5/2017 8:05
4/5/2017 8:05
4/5/2017 8:05
4/5/2017 8:05
4/5/2017 8:05
4/5/2017 8:05
4/5/2017 8:05
4/5/2017 8:05
4/5/2017 9:30
4/5/2017 9:30
4/5/2017 9:30
4/5/2017 9:30
4/5/2017 9:30
4/5/2017 9:30
4/5/2017 9:30
4/5/2017 9:30
4/5/2017 9:30
4/5/2017 9:30
4/5/2017 11:45
4/5/2017 13:15
4/5/2017 13:15
4/5/2017 13:15
4/6/2017 10:02
4/6/2017 10:02
4/6/2017 10:02
4/6/2017 10:02
4/6/2017 10:02
4/6/2017 10:02
4/6/2017 9:21
4/6/2017 9:21
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989001005493895
989001005493496
989001003072814
989001005493921
989001005493839
989001005493865
989001005493508
989001005493474
989001005493449
989001005493479
989001005493493
989001005493511
989001005493485
989001005493515
989001005493505
989001005493446
989001005493514
989001005494093
989001005494032
989001005494068
989001005493428
989001005494069
989001005494078
989001005494056
989001005494113
989001005494031
989001005494031
989001005494041
989001005494104
*

989001005494089
989001005494040
989001005494088
989001005494091
989001005494036
989001005494043
989001005494038
989001005494100
989001005494100
989001005493738
989001005494053
989001005494057

284
414
620
324
414
373
269
243
233
199
434
386
460
421
436
275
278
519
502
388
475
343
168
293
444
530
540
371
480
129
476
470
519
438
435
529
374
537
536
489
483
517

0.25
0.8

3.06
0.41
0.84
0.58
0.19
0.17
0.13

0.67
0.41
1.08
0.7

0.24
0.19
1.28
1.62
0.66
1.12
0.47
0.05
0.27
1.03
1.65
1.68
0.61
1.27

1.41
1.16
1.68
0.82
1.09
1.53
0.67
1.76
1.78
1.51
1.56
1.59

K< Z X< <L Z <L Z LI LK< << <<

4/6/2017 9:21
4/6/2017 9:21
4/6/2017 9:21
4/6/2017 8:45
4/6/2017 8:45
4/6/2017 8:45
4/6/2017 9:15
4/6/2017 9:15
4/6/2017 9:15
4/6/2017 7:25
4/6/2017 7:25
4/6/2017 7:25
4/6/2017 7:25
4/6/2017 7:25
4/6/2017 7:25
4/6/2017 8:40
4/6/2017 8:40
6/13/2017 9:22
6/14/2017 9:00
6/14/2017 9:00
6/14/2017 9:00
6/14/2017 9:00
6/15/2017 7:40
6/15/2017 7:40
6/15/2017 7:40
6/15/2017 8:23
6/21/2017 9:25
6/15/2017 8:23
6/15/2017 8:23
6/15/2017 8:23
6/16/2017 8:00
6/16/2017 8:00
6/16/2017 7:37
6/16/2017 6:43
6/16/2017 6:43
6/16/2017 6:43
6/16/2017 6:26
6/16/2017 6:26
6/21/2017 8:26
6/20/2017 8:10
6/20/2017 8:22
6/20/2017 8:22
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* 0] 85 * N 6/20/2017 9:00
* F 529 1.65 N 6/21/2017 11:15
* U 95 * N 6/27/2017 8:05
* U 107 0.02 N 6/28/2017 9:36
* U 86 * N 6/28/2017 9:36
* U 109 0.01 N 6/28/2017 9:36
* U 118 0.01 N 6/28/2017 9:36
* U 92 * N 6/28/2017 8:00
* U 95 * N 6/28/2017 9:00
* U 120 0.01 N 6/30/2017 8:41
* U 102 * N 6/30/2017 11:11
* U 95 * N 7/1/2017 8:52

* U 104 * N 7/1/2017 8:52

* U 98 * N 7122017 7:57

* U 111 * N 7/2/2017 9:00

* U 123 * N 7/2/2017 8:36
989001005494106 F 490 1.47 Y 6/21/2017 9:25
989001005494103 F 403 0.88 Y 6/21/2017 9:25
989001005494092 F 433 0.95 Y 6/21/2017 9:25
989001005494081 F 483 1.39 Y 6/21/2017 9:25
989001005494034 F 460 1.26 Y 6/21/2017 9:25
989001005494042 M 425 0.72 Y 6/21/2017 9:25
989001005494039 F 553 2.11 Y 6/21/2017 11:15
989001005494061 F 544 1.96 Y 6/21/2017 11:15
989001005494102 F 319 0.39 Y 6/21/2017 11:15
989001005494117 F 539 2.23 Y 6/21/2017 11:15
989001005494084 F 448 1.05 Y 6/21/2017 11:15
989001005494077 F 413 0.81 Y 6/21/2017 11:15
989001005493407 M 476 1.09 Y 6/21/2017 9:25
989001005493790 F 337 0.44 Y 6/22/2017 9:30
989001005493728 F 470 1.27 Y 6/22/2017 9:30
989001005493728 F 476 1.27 N 7/2/2017 9:00
989001005493778 U 394 0.71 Y 6/22/2017 9:30
989001005493742 F 350 0.56 Y 6/22/2017 9:30
989001005493752 F 473 1.2 Y 6/22/2017 10:17
989001005493804 U 151 0.02 Y 6/22/2017 10:17
989001005494044 F 468 1.22 Y 6/22/2017 8:50
989001005494049 F 356 0.52 Y 6/22/2017 8:20
989001005494118 F 555 0.78 Y 6/22/2017 9:33
989001005494108 F 490 0.93 Y 6/22/2017 9:33
989001005494070 F 423 0.94 Y 6/22/2017 9:33
989001005494028 F 388 0.72 Y 6/22/2017 9:33



989001005494028
989001005494074
989001005494076
989001005494029
989001005494051
989001005494071
989001003072801
989001005493810
989001005493800
989001005494090
989001005494095
989001005493783
989001005493766
989001005493787
989001005494115
989001005494122
989001005494119
989001005493792
989001005493751
989001005493802
989001005493796
989001005493809
989001005493809
989001005493817
989001005493805
989001005493788
989001005493793
989001005493731
989001005493729
989001005493803
989001005493486
989001005493775
989001005493791
989001005493771
989001005494037
989001005494064
989001005494067
989001005494060
989001005494101
989001005494052
989001005494058
989001005494085

389
195
457
312
386
396
511
340
490
295
381
419
115
397
352
349
162
390
350
113
493
472
474
324
364
299
422
470
554
138
473
433
435
325
462
135
475
330
355
358
370
473

0.72
0.08
1.2

0.34
0.68
0.76
1.27
0.43
15

0.26
0.68
0.88
0.05
0.78
0.4

0.37
0.04
0.75
0.53

1.3

1.25
1.23
0.38
0.67
0.33
1.07
1.26
2.08
0.03
1.07
1.11
0.9

0.27
1.09
0.03
0.95
0.38
0.53
0.49
0.77
1.24

K<< <L Z LI << << << 2Z

6/28/2017 9:49
6/22/2017 9:33
6/22/2017 9:33
6/22/2017 9:33
6/22/2017 9:33
6/22/2017 9:33
6/22/2017 9:33
6/23/2017 6:17
6/23/2017 7:08
6/23/2017 7:50
6/23/2017 8:30
6/27/2017 8:05
6/27/2017 8:05
6/27/2017 9:19
6/28/2017 9:36
6/28/2017 9:36
6/28/2017 9:36
6/28/2017 8:00
6/28/2017 8:00
6/28/2017 8:00
6/28/2017 9:00
6/28/2017 9:00
6/29/2017 9:21
6/28/2017 9:00
6/28/2017 9:49
6/28/2017 9:49
6/28/2017 9:49
6/28/2017 9:49
6/28/2017 9:49
6/28/2017 9:49
6/28/2017 9:49
6/29/2017 10:15
6/29/2017 7:29
6/29/2017 7:29
6/30/2017 10:53
7/1/2017 8:52
7/1/2017 8:52
7/1/2017 8:52
7/1/2017 8:52
7/1/2017 9:38
71212017 7:57
7122017 7:57
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989001005493454
989001005494050
989001005494062

F
F
F

550
426
380

1.21 Y
0.91 Y
0.67 Y

7/2/2017 10:17
10/11/2017 8:40
10/11/2017 8:40

*Data not collected or recorded, or PIT tag not inserted

5.8 Hook and line data

Location

Start Date/Time

End Date/Time

S. lake by paleo, snow creek bay

S. end before paleo channel

Snow creek bay
Snow creek bay
Snow creek bay
Snow creek bay

N41 30.939 W119 03.365***
11T0327291 4598810**

*

1170328035 4597147**

3/5/2015 15:30
3/18/2015 11:15
3/19/2015 10:45
3/19/2015 15:16
3/27/2015 13:29

4/4/2015 14:05
4/11/2015 15:00

5/9/2015 10:00
3/27/2015 11:00

6/30/2017

3/5/2015 17:15
3/18/2015 12:15
3/19/2015 11:45
3/19/2015 16:33
3/27/2015 14:10

4/4/2015 15:02
4/11/2015 15:40

5/9/2015 11:15
3/27/2015 11:50

6/30/2017

*Data not collected or recorded

**GPS coordinates are North American Datum of 1983 (NAD 83)

*****GPS coordinates are latitude and longitude

5.9 Hook and line capture data

165

FL

Weight New

PIT Sex (mm)  (kg) Tag Location Date/Time
900118001564725 M 640 * Y S. lake by paleo, snow creek bay i/75:/125015
989001003072279 M 552 212 Y Snow Creek Bay ‘1‘% o5
989001003072235 M 479 13 Y Snow Creek Bay LS
989001003072250 M 633  3.22 Y Snow Creek Bay ‘1‘% o5
900118001562678 U 595  2.45 Y Snow Creek Bay ﬁ 21{) 2015
989001005494120 F 501 159 Y GPS: 1170328035 4597147 6/30/2017

*Data not collected or recorded
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