HABI TAT AND STOCKI NG STRATEGI ES FOR NATI VE F
VERDE RI VER BASI N, ARI ZONA

By

Christopher John Jenney

Copyright E Christopher John Jenney 2025

A Dissertation Submitted to the Fac

SCHOOL OF NATURAL RESOURCES AND THE

In Partial Fulfill ment of the Requi

For the Degree of

DOCTOR OF PHI LOSOPHY

I n the Graduate Coll ege

THE UNI VERSITY OF ARI ZONA

2 052



THE UNIVERSITY OF ARTZONA

GRADUATE COLLEGE
As members of the Dissertation Commuttee, we cerify that we have read the dissertahion
prepared by: Christopher John Jenney
fitled:

and recommend that 1t be accepted as fulfillmg the dissertahon requrement for the Degree of
Doctor of Plulosophy.
. :-'-__.-.-:"
= Date: Aug 3, 2025
Scott A. Bonar

-
LSPRFIP LTS vt
i

& Date: Aug4, 2025
Javan Bauder

- .
A .

Sy e Diate: AUET, 2025
Michael Bogan

Final approval and acceptance of this dissertation is contmgent upon the candidate’s submission
of the final copies of the dissertation fo the Graduate College.

I hereby cerify that [ have read thos dissertabon prepared under my direction and recommend
that 1t be accepted as fulfilling the dissertation requrement.

s
s Date: Aug 3,2025
Scott A. Bonar Y B
Dissertation Committee Chair

School of Matural Resources and the Environment




ACKNOWLEDGEMENTS

|l woul d hlanmyk ec anomi tt ee chair and mentor, Dr .
support, and encouragement were invalDuabl e du
Bonarnbwsavering belief in me gave me the confid
comfort zone. Scott ,maaseacbempami omei cl alsasrio
and a friend throughout.

|l am al so sincerely thankful to my commit:t
Mi chael Bogan. Dr . Bauder 6s expansive knowl ed
resource t hr oucgahroeuedru mymgnwdoaanheer sati ons, evel
anal yses, were energizing and sparked in me a
exceptional educator whose dedication to stre
have beenamat conspiration.

|l 6d |I'i ke to thank the Bureau of Reclamati o
Mo s hTehree proj ect would not haveabdemaupeosithl e w
Botwh I I i am and Kent vof omytnese @&@rdcltoamd | wesrse hiomug:
every da#®peojeot.

Thank you to the Salt River Project and Ma

| owed this project to be successful. Marc o
fish and transporfiedudi,peaensdi wgasr raann gaecd ifvoer par
of the field work.

This project would not have been possible
Jared participated in everystuiagghinsg weovrekn te,t hsitc
unmatched. More than a technician, Jared beca
|l essons in herpetology, and the many adventur

Thank you to my | ab members, past and pres
Steven Ingram, Joshua Grant, Tayl or Sawucier,
enjoyabl e experdengef asipencdml| Athanlki yeu goes o
Thank you for | eading the way and all owing me

|l am endlessly grateful to my wife, Dr. Je
de this journey possible. Thank you for hol
nferences, performingadslur guédir ilyeosulr udodwdi ucrgi reede r
nning a business, and raising our incredibl
ow | couldnét have done this without you. T

~ = 0 3
S c oo

Thank you to my parents, Mar i | ygi vaimedg J o h n
e freedoand opurn sceolmygmpassieambepdid divaeeyYod w r

e natandl awwa ledinee ntcoo uerxapgl or e wm¥h eyoouur idoi sdintbite s ,
mpl etely understand what they were or where

o —~+ ~+
O T =



Finally, thank you, Sam. Leaving for the f
hugs when | returned r ewhiand ed wnads htalhoa tin @yd cawn Idwra ¢
come baclkartetorygba,e yet your independence, curi o

inspire me daily.



am dedi

DEDI CATI ON

cating my

di ssertati

on

resear cl



TABLE OF CONTENTS
LI ST OF TABLESééééééeéeeececééeéeéeeeeeeceéces
LI'ST OF FlI GURESééééeéeeeceécéeéeéeéeéeeeeeéeéeéeclo
ABSTRACTéééééeéeeeceececeeéeeeeeceeceeceeeeeeeeecls
CHAPTER 1:RAZORBACK SUCKERXYRAUCHEN TEXANUB THE GILA
RIVER BASIN, ARIZONA: 2004i 20216 ¢ é ¢ ¢ éé e éééeééeéeéé 16
Introductiore € € é é 6 éééééecééecééeeééeceéeéeeeéeeece. 17
StudyAreg@ é € 6 €€ éééééééééeeéeéeéeéeéeeeeceeecéeeée. .21
Historic distributiore ¢ ¢ é é é é é éeééeééééééeeeéeéeé 22
Declineinthe GilaRiverBasiné ¢ ¢ ¢ e ¢ éééééééeeeéeééeée. 24
Razorback Sucker Stockige ¢ € € é é éeééeéeéeeeéeéeéééeéee. .25
Stocking efforts 19742004 é é e ¢ é e e é é e ééeeééeéée. 25
Stocking efforts 200020216 ¢ ¢ é € é é € € éé e éééeéééeéeéé. 27
Discussio@ é ¢ ¢ éeeecéééééeeeceeeéeeéeeeeeceeee. . 29
Tableg é 6 éé€éééecééecéecéeecéeecéeeeceeeeee. 34

Figureg é € é ée6ééééeéééeééeeééeéeéeeééeéeéee. 36
CHAPTER 2: SURVIVAL AND MOVEMENT OF RAZORBACK SUCKER
XYRAUCHEN TEXANUBI A RIVER-RESERVOIR COMPLEX MANAGED
FORNATIVEFISHRECOVERé ¢ ¢ ¢ ¢ éé e ééeééeééeeé. .38
Infroductiore é é é e e ééééééeeeeceééeéeeeeececeeeee. 39
Methode é € 6 éé e ééécéécééeeeceeeceéeeeeeeeée. . 42
Studyarea ¢ é é € ééécéeéééeéééeceééeéééeeééeéeé. . 42
Fishandtaggingé € € € é é éééeceeeéeéeéééééeceeeeeée 43
Stockin@éééééééééééééééééééééééééééé. 45
Datacollectio ¢ é é 6 ééééééecééecééeceéeeceéeeéeé. . 46
Environmental daté é

céeéeéeéeéeéeéeéeéeéee 48

Dataanalysis ¢ ¢ ¢ é é éééecéeeéeééééééceeeeéeéeé. 49
Scenario 1Burnham Survival Model (>250 mm 'Ié_)é eeéeéeéééeée. 50

Scenario 2Multistrata Model (> 250 mm TIE) é é eeeeeéééé. Y

Scenario3 PI T Telemetry (CJS) Moidled. 51

Scenario 4Relating Survival to Environmental Conditiéng é é é € é . . 62
Resultg é ¢ ééééééééééeééeceeéeéceeeeeeeeeeeée. 53

Scenario 1: Burnham Survival Model (>250mmé’Léee eéeéeée. .53
Scenario 2: MultistratdModel (>250mm TI§ é é é é é é é € € é é é é . 53
Scenario 3: PIT Telemetry (CJSéé oA
Scenario 4: Relating Survival to EnV|ronmental Conditiogsé é é é é € € . 55
Predator Loadéééeecééeecééeceéeecééeeéebo
Dlscussmleeeeeeeeeeééééééééééééééééééé..57
Managementlmplicatiorésééééééééééééééééééééé. 65
Tableg é 6 66 éééééééééeécécécéeeeeeéeéeeéee. 68
Figureg é e éeéécééecééeéééeéeéeéeéeéeéeéeéeeée. 75
CHAPTER 3: EFFICACY OF USING A HELICOPTER TO STOCK NATIVE FISH
INTO AREMOTE ARIZONA CANYONe é é € eeééééééeee. .8l
Introductiore € ¢ é e 6 ééeééeceééeeééeeééeeééeceée. 82
Methodg€ é é é ééééééeééeéeééecééeéecécécéeéeeeé. .84
Studyareca é 6 ¢ 6 éééééééeéeéeééeécéecéeceeceéee. .84



85
85
87
87
88
89

- 93

95
99

117

118
118

. 119

Fishe éeéééeééeééeéeéeéeéecécécéecéeeéecée.
Stocking é e éeéeéeééecééeéeéeéeeeéeéeéeéeéd
Monitoringé € é é é e é e ééééeééeééeéecécécéecécee
Dataanalysi¢ e é é éeéééeéeéeéeéeéeéeéeéceée
Resulte¢ e é eééeéécéécécécéééeééeéeéeéeéecécecéce
Discussiodk e é e éeéeéeeéeéeéeéeéeéeéeéecée.
Tableg é 6 é e éeéééééééeéecéecécécécéeceéeecée.
Figureg é e éeéeéeééeééeéeéeceéeéeéeéeéeéecec.
REFERENCES ¢ é é é e éecéecéééééeéeéeéeéeécéeéce..
APPENDIXA: NATIVE FISH ABUNDANCE AND HABITAT SELECTION
CHANGES IN THE PRESENCE OF NONNATIVE PISCIVORES ¢ ¢é é
Abstrack e e é e éeééeéeéeéeéeéeéeéeéeéeéece
Introductioré ¢ é 6 é 6 éééécéecécéééééeéeéeéeéeéce
Method€ é é ¢ ééééeééeééeéecéeéeéeéeeéeéeéeéeté
Studysitée e é 6 éeééeéécéecééeéééeééeéeéeécécéce
Habitatusé ¢ é ¢ é e éeééeéecééeéeéeeéeéeéeéeé.
Available habitéé ¢ € ¢ 6 ¢ ééééeééeééeéeééeéecécécééeé
Dataanalysis é e € é é e éééééééeéééeceéeeééeéeée
Fishabundanct é é é 6 é 6 é e éééééeééeéeéecéécécée
Habitat selection (resource selection functign®) é € € é é € € é € € é é
Resulte é éééééeeéeéééééceceeceeeééééeceeeee.
Fishabundance é e é e é e ééeéééeéeéeéeéeéecéeée.
Roundtail Chub Gilarobustaé ¢ é ¢ 6 ¢ 6 ¢ é e é e ééeéééééeé.
Desert Sucker Catostomus claékie é e é e é e é e éééeéeéeéeé.
Sonora Sucker Catostomus |nS|gns nd Speckled Dace Rhinichthys @seulu:
Black Bass Micropterussppe ¢ € € é 6 € éé e ééééeééeééé
Discussioééééééééééééééééééééééééééééé.
Acknowledgements ¢ ¢ é é € € é €€ ééeééécéééeééeeéé.
Referencesé é é é ééééécéeéeéeééééééceeeeeeééeé.

119
120
121
121
121
121
122

122

122
123

$ 124

125
125
128

. 128



Table 1.1

Table 1.2

Table 2.1

Table 2.2

Table 2.3

Table 2.4

Table 2.5

LI' ST OF TABLES

Stocking records from the Gila River Basin 2a8BR1. There are no stockings
known to the authors of this paper that occurred outside of the Verde River
tributaries (FossilCreek)é ¢ 6 ¢ ¢ 6 éé ééééééééééeééeeée. . A
Razorback Sucker captured on the Verde River 2@0D21. All Razorback

Sucker were stocked by Arizona Game and Fish Department (AZGFD). Cag
method gill net or E (canoe electrofishing)represents conditioning factdf &
(W(g)/L(mm)® * 10%). Gill nets were 45.72 m long, 1.83 m tall, with 1.25 cm to
7.5 cm mesh and were set on the lake bottom, perpendicular to shore. All ce
locations are georeferenced in Figur2 2 = Razorback Sucker that escaped
priorto measureme@ité 6 ¢ 6 é ¢ éééeéééééeééeééeéeéeéeée. 35
Theyear,total number (n), meatotal length (mm) andmean weight (g)of
Razorback Sucker PIT tagged and implanted with radiotransmitters + PIT ta
stocking into Horseshoe Reservoir and the mainstem Verde River at Sheep:
Bridge. Standard deviation is in parenthesésh < 250 mm total length (TL)
were classified as S and fish O 2¢t
Sucker were sourced from the USFWS Southwestern Native Aquatic Resou
Recovery Center (SNARRC), Dexter, New Mexi¢otal n represds the total
number of fish stockedééééééééééééns
Scenario 1 model selection. Radiotelemetered (> 250 mm TL) Razorback Si
model selection for knowfate Burnham Model. Year = stocking year (2022,
2023, 2024), time = time post stocking (months), stocking = reservoir or rive
Parameters S = survivalApdetection probability, r = dead recovery probability

F = site fidelity. F was fixed at F = 1. | show only the top 5 of 15 total candid:
models. Npar represents the number of parameters estimated in the model,

i s the Ai kake 6 scoie nofrexctednfiaa $malbsample size,tDelte
AlCc is the change in AICc among models, and the weight is the model &ei¢ 69
Scenario 2 model selection. Radiotelemetered (> 250 mm TL) Razorback Si
model selection for the Multistrata model, modeling survival in the river and
reservoir independent of stocking location and the probability of a fish
transitioning from one environent to the other. Stratum = river or lake,
independent of stocking location, time = time post stocking (months), tostrat
transition from river to lake or lake to river. Parameters S = survival, p =
detection probability, and psi = transition probiill show only the top 5 of 6

total candidate models. Npar represents the number of parameters estimate
model, Al Cc is the Aikakeds inforn
size, Delta AlCc is the change in AICc among models, andi¢light is the
modelweight ¢ 6 6 6 ééééééééecécéééeceééeeeée. 70
Scenario 3 model selection. PIT Tagged Razorback Sucker CottoblygkSeber
survival model fortwes i ze ¢l asses (<250 mm TL
<250 mm TL or 0250 mm TL, Year = s
survival and p = detection prability. | show only the top 3 of 12 total candidat
models. Npar represents the number of parameters estimated in the model,
is the Aikakebdés information criter
AlCc is the change in AICc among modelsd dine weight is the model weight 71
The monthly values (April November) of environmental conditions on
Horseshoe Reservoir for 202024. Air Temp represents the mean of daily hic
temperatures in a month recorded in Carefree, Arizona, the nearest municip

to Horseshoe Reserv@MCEI 2025) Surface temp is the water temperature al
the surface (.5 m). Depth to thermocline is the depth to the thermocline, and



Table 2.6

Table 2.7

Table 3.1

Table 3.2

Table 3.3

Table A.1

Table A.2

thermocline temperature is the temperature 0.5 m above the thermaalihe

prop. full is the fullness of Horseshoe Reservoir. Measurements were recorc
once per month at the start of monthly surveys, with the exception of air
temperature which was recorded by the National Weather Service at Carefrt
AZ. Water quality was not measured in April 2023 as the study site was 72
i naccessible due to floodingééeééeéé
Temperature (°C) and turbidity (NTU) measured at the start of each month ¢

in the mainstem Verde River at Sheeps Bridge. Temperature was measurec
YSI probe (YSI, Yellow Springs, OH; Model ProPlus) and turbidity was
measured with a mobile turlideter Hach, Loveland, Colorado; Model:210pQ 73
Scenario 4 PCA loadings. Loadings of environmental variables from the prin
components analysis of environmental data. Air temperature °C, Prop. full
(Horseshoe Reservoir fullness, recorded as a proportion of full pool), surfact
temperature °C, deptb thermocline (m), and thermocline temperature °C we
included in the analysis. The proportion of variability explained by each princ
component is shown in parenthesesé é ¢ 6 6 é ¢ éééééeéééé. .74
The total number and weight of fish Razorback Sukeauchen texanus
via helicopter (River) and traditional (stocking truck; Reservoir) metho

in the 2022, 2023, and 2024. Helicopter (River) stocked fish were stoc
into the mainstem Verde River at Sheeps Bridge and traditionally stoc
(stocking truck) Razorback Sucke&ere stocked at, or near, the boat ran

on Horseshoe Reservoir (Figure 41 é ¢ é é ¢ ¢ éé e éééé. 93
The maximum survival of Razorback Suckgtrauchen texanustocked

into the Verde River system via helicopter or traditional stocking truck
Fish that were not detected within the sampling window were assume
alive within the first 4weeks post stocking. 4% of the radeemetered

fish stocked via helicopter afd2% of radietelemetered fish stocked via
traditional means were not detected by either mobile surveys or statio
telemetrytowers é ¢ e é éé e ééeeééeeééeeééeée. 93
The minimum survival of Razorback Suck&rauchen texanustocked

into the Verde River system via helicopter or traditional stocking truck.
Fish that were not detected within the sampling window were assume
dead within the first 4veeks post stocking. 4% of the radeemetered

fish stocked via helicopter and 7.2% of ratkéemetered fish stocked via
traditional means were not detected by either mobile surveys or statio
telemetrytowerls € é e é e é e ééééeéeéeéeééeée. 9
Number of fish (standard deviation in parentheses) observed per 1001
snorkel reach (n = 15) in Fossil Creek, Arizona where a fish barrier di\
the river into two sections, one with only native fish, and one where
nonnative Black Bass arepreseii é é e e e eeéeééééée. . 104
Relative abundance (standard deviation in parentheses) of fish per
mesohabitat type: Pool, riffle, or run in sampling reaches with exclusiv
native fishes and in sampling reaches with nonnative Black Bass gres 105



Figure 1.1

Figure 1.2

Figure 2.1

Figure 2.2

Figure 2.3

Figure 2.4

Figure 3.1

LI'ST OF FI GURES

Map of the Gila River Basin in central Arizona, USA. Major rivers of the bas
are Gila River (Black) the Salt River (Red), and Verde River (Géeéng é . . 36
Razorback Sucker stockings and detections in the Verde River Basin
between 20042021. Fish total length (mm), weight (g), and capture
method (gill netting vs. canoe electrofishing) is in Taldec2¢é é ¢ € . 37
Satellite image (Landsat 8 and 9; ESRI) of the studyiachading the mainsterr
Verde River and Horseshoe Reservdine yellow line represents the shoreline
area of Horseshoe Reservoir at the time of stocking in 2022 (7% full), the re
line represents the shoreline area of Horseshoe Reservoir at the time of stc

in 2023 (99% full), and the purple line represehtsghoreline area of Horsesh
Reservoir at the time of stocking in 2024 (79% full). Horizontal lines show tl
location of inflow of the Verde River into Horseshoe Reservoir at the time o
stockingeachyeéré € ¢ ¢ 6 é ¢ ééecééécéeééeééeéeéeéeé 75
Map of the Verde River system study site including Horseshoe Reservoir al
mainstem Verde River and an inset map showing the general location of th
study area in Arizona, USA. Red triangles show the reservoir and river stoc
locations in 2022, 2023, dr2024. Numbers superimposed over circles show
location and ID of each radiotelemetry tower used to passively record
radiotelemetry signals. Tower 1, 2, 4, and 5 had two antennas pointing ups
and downstream to capture directional movement, andrt8we, and 7 had onl
one antenna. Green hexagons show the general location of PIT antennas.
2022, the PIT antennas locations moved to be within wetted locations on
Horseshoe Reservoir as many of the bays were desiccated due to low wate
levels. The kxagon without a background fill represents a PIT antenna that
moved throughout the study period to target areas of interest or replace PI”
antennas that were temporarily @ftservice. Telemetry Tower 6 was located

on Horseshoe Dam amstiowsthe locdion of Horseshoe Daéné é é é é é . . 77
Survival estimates (with 95% confidence intervals) of Razorback Sucker
(Xyrauchen texanystocked in 2022 (red), 2023 (green), and 2024 (blue)
through time using the te@@anked Burnham model for radiotelemetered fish >
250 mm TL. The model was parameterized as S(~Year + Time) p(~time) r(
F(=1). Time 1 was the stocking date and time 9 wastm8 and month 9 pest
stocking collapsed into one detection period. THaxig is the proportion of
survivors and and theaxis is time posstocking in months. Téh2022 cohort

was stocked on March 18, the 2023 cohort was stocked on May 2, and the
cohort was stockedon Aprib4é ¢ é 6 é éééééééééééééé. 79
A 445 mm TL Largemouth BasMcropterusnigricang captured via
electrofishing on Horseshoe Reservoir with a 225 mm Razorback Sucker
(Xyrauchen texangisn its mouth. This fish was captured < 24 hours after the
stocking of Razorback Sucker in 2024 and provides direct evidence of noni
fish predatoon Razor back Sucker ééééééééed0
Map of the Verde River system with the northernmost red circle
indicating the location of the mainstem river stocking location (helicoj
stocking) and the southernmost red circle indicating the location of th
Horseshoe Reservoir stocking location (ttiadial stocking trailer). Radic
symbols indicate the location of stationary telemetry towers used to t
radiotelemetered Razorback Suckgrauchen texanusllowing for an

,,,,,,,,,,,,,,,,,,,,,

evaluationofsurvivil € é 6 ¢ ¢ ééeéééeécééeéeéeée 95



Figure 3.2

Figure A.1

Figure A.2

Figure A.3

Figure A.4

Figure A5

Image of the Bell 212 helicoptesling load Bambi bucket, and loading ¢
Razorback Suckefyrauchen texanu® stock fish into the mainstem
Verde River, a location inaccessible to traditional hatchery vehicles.
Roughly 380 Razorback Sucker were flown and released into the
mainstem Verde River stocking location per load and all fish were
transported in 3 (2023d 2024) or 4 (2022) loads. We did not provide
supplemental oxygen to fish during transportation and helicopter fligk
Map of Fossil Creek, Arizona, and the location of the fish barrier and
sampling reaches (~100 m) snorkeled during summer of 2019 and 2(
Six reaches were located downstream of the fish barrier (nonnative fi
are present) and nine snorkeling reacliere located upstream (native
fishes only) of the fish barrier. Two reaches were removed due to pot
visibility at the time of snorkeling. Fossil Creek is a tributary of the Ve
River, AZ. Two major washes, Sally May, and Boulder Canyon, are a
Rel ative abundance of small O 1
TL (panel b) fish per 10 m sampling reach. Grey boxes show abunda
in sampling reaches with Black Bass present and white boxes show
Smal | f-imnfTL; yulddrable to predation) mesohabitat selecti
Coefficient estimates and 95% confidence interfral resource
selection functions for mesohabitat selection of small fish in the pres¢
and absence of Bl ack Rwldosthe 6 Rur
explanatory categorical variable mesohabitat (levels: pool, riffle and r
Coefficients estimate relative selection strergtpools and riffles
relative to runs. White shapes represent selection in sampling reache
native fish and grey shapes repressgiection when Black Bass are
present. Significant change to selection is represented bgvestapping
95% confidence intervals. Table ajefficient estimates, confidence
Smal | f-imsniTL; yulddrabl to predation) microhabitat selecti
Coefficient estimates and 95% confidence interfral resource
selection functions for microhabitat features (depth [m], flow velocity
[m3/s], substrate composition [modified Wentwo®ttale, and canopy
cover (proportion)]) for small fish within each mesohabitat (pool, riffle
and run). White shapes represent selecti@ampling reaches with
native fish and grey shapes represent selection when Black Bass are
present. Insufficientlzservations of small nativfeshes in pools and smal
Black Bass in runs prevented the modelling of microhabitat selection
those areas. Significant change to seleasaepresented by nen
overlapping 95% confidence intervals. Table of coefficient estimates,
confidence intervals, and CCC valuestucrohabitat selection in riffles,
Large fish ( >127 mm TL; invulnerable to predation) mesohabitat
selection. Coefficient estimates and 95% confidence inteinzats

11

97

102

105

106

. 107



Figure A.6

12

resource selection functions (RSF) for large fish in the presence and
absence of Black Bass. Run was the reference level for the RSF, so
coefficients estimate relative selection strength of pools and riffles re!
to runs. White shapes represent selection in sampling reathesative
fish and grey shapes represent selection when Black Bass are prese
Significant change to selection is represented byawamlapping 95%
confidence intervals. Table of coefficient estimates, confidence interv
and GCC values can be foundin TableéSé é ¢ é e é ¢ é é é e . . 108
Large fish ( 127 mm TL; invulnerable to predation) microhabitat
selection. Coefficient estimates and 95% confidence intefnzats
resource selection functions for microhabitat features (depth [m], flow
velocity [m3/s], substrate composition [modified Wentw@tale and
canopy cover (proportion)]) large fish within each mesohabitat (pool,
riffle and run). White shapes represent selection in samp@eches with
native fish and grey shapes represent selection when Black Bass are
present. Insufficient observations ofda native fisheg pools and runs
and poor model convergence for Black Bass in runs prevented the
modelling of microhabitat selection in those ar&agnificant change to
selection is represented by roverlapping 95% confidence intervals.
Table of coefficient estimates, confidenntervals, and CCC values for
microhabitat selection in riffles, pools, and runs can be found in Table
S2 S4,respectively é e é e éeéeéeéeéeéeéeéeéeé. 109



13

ABSTRACT
Native fishes of thesoCbhwe st o URatkeodn gB tt shiea s

most I mperilewdrfdwiTdecgn oeps s | inked to wides
and the publsiefgen®mantniad n tvaed df mpsehtees pwiatpho na mda.x a v e

De s mietcea dceosn soefrevf & fomadnny of t he native fishes rem
and teemtei nuaedfifretcéc evseter ya crttolmet ebgailskisns di ssert
presentsndes$ to fy amlshdountste weisstiwderslh a particul ar f o
Razor bacXyr rSauucckheerinh h e x denmudrei R vieery, tri butary wi |
Ri ver. Blamithhi s13di seer & a3 uRcambpuwrbdaacrkc e, add st ri but
conservatwiaoamieaf ftdiret sbir loan -R0022BIr eRad iurat e and con
survival and movement patterns of | arge (> 25
Sucker smac khesd eimn menrdv ir recofetmleventiie r,8le Retvairl nove
helicoptmet Bfodlrs & h 8 bponcdaatnignegtieodlesmot e | ocati ons,
asslesw native fish abundamsiceespdmdmrbdtbiave sel ec
pi scivores irni zFdbosesel It hCarne elkl, miN | |Iwieasrt oRcakzeodr bianctko
the Gila River Basin between 1980 and 2004; h
From-202%8, 17,313 Razorback Sucké&ust weke.rheD\Wet oc k ¢
been raeocdpsuceess .has2badeén | i-ynmd re daatt eadk ian g he fet
which approxi matel yof2, t5Wodl aRieszemer Ibeaacske dSmavreu a |l |
|l oca,t hensnai nstem Verde River andoHevaslshabe WRie:
reservoir stockings couldlenR@&l2Rke aRdz@OR8¢ckt 8
smal | and | arge RazorbgaekdBSaesg&eoflwaseomem,hggl b
2024 -mohnet s pocski ng survival of NRi&zOovrelraad K , S u chkee

survi val of |l arge fish was samdisfurcvaintdly igmr etal



14

was htibgahreriinadrhteal attyr waswad er quahiigulyt, erspeci f

t emper adturr &t iafnidcat i,oasn we@lllkdasnmemaldy aied f i shes

pi scivorNomsethiednds ssur vi val of some Razor back
of fers hope for the speciesbd persistence in t|
the mainstem river environment presented | ogi

tadi ti onal hdt tdéreefyonve ha chhelisiss D pm@gpod b ac k

Suckereamote | ovardenRoemphamaed t he survival of
helicopter to those stockke -b@ak-sphawsetkt ngnablbr
ofish stocked by helicopter and thosewast ocked
si miMaary of the observefdramorrtealld ads e ssiwtease, ds g
mor tywa s tatdtri butabl e toStbekshgckiageprwtcthcas
useful for fisheries conservaliedwrasdsriotaddkird n
di stribution of stocked fish. ihitmalplrye,yvilousadryd!
snor kel surveyrsi 4 o\ViedfadesiRli vermraak ¢ bAit aedysy wnathi v
upstream and a native and nonhat evdil fUfaesreersc awo
i Bpecies abundanceéenamathalei fashselbemenuinomi es w
noahi v.e The habundance G@Gifl aldoR@anil2 aimmChlu)b So
SuckKat ast omus andpsei cgknlidRdh i Da cd t hwass ossicguhl o fwiesc an't |
when sympatric with nonnatQavteo sftiosntadss;m draanvkes\se r
werse mi |l ar bewWweenbt aa&h éamsat iwear efeiigeiderdsesn ta n d

incedhbsir Batiddtlieen a | i kely predatharghdviogihdan
t hdei str i bwteih@arwvalorand cmanf adresn oecxs upfyi ng t he sa

nonndtisahmdd g hdtihighpgor t ance of mai Aty mg speci
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nonnati ve fiisah e sCwoakrtee dpthiiievseelmy,s e atrhpehr Bi ghkenght s
chal loetnognesser vi ngi mnat h & e Vanias dhpeR esvienr <iadghuti sd et o

and i mprove fututérootglfhee ultagiim.n efforts
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CHAPTER 1

RAZORBACK SUCKAWRCHEN TIENXXATNHES GI LA RI VER BASI N, ARI
2021
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RAZORBACK SUCKAWRCHEN TIENXKATNHES GI LA RI VER BASI N, ARI
2021

The Razor Xyaogk uShehihesrt ex @ naorfsi of eofuirs hiiebsi gendemi ¢ t o
Col orado River Basin; all Ptgehoshec¢ iHusnp(b@alko sCahdudd
Gi | a ,c yBpohmay tGiilla C¥hluebgensurrently | isted as threate
Endangered SpBGSFWBIMENnc EBM8A,2D09). The Razorback S
|l arge fish of the family Catostomi dae a&Martshhe si n
2009). They hi stlogngtal d ylexawcdaendliviegg i g6t 8 eraeedang
di stinctive dorsal keeled ridge (its fAr&avaarsthack o)

20009) .

Razor back Sulcikveerds (a> e50 oynegar s) periodic strat e/
223 years anll yematesAaltalge female Razorback Sucke
( Mi nc&kMaery2 B 0 9 ; Dow20nh4g) etThd .| i fe history of Razor
the flow regi me ofOIlSdéino R0EsSt Raaztoe rbbaccdki eSsuc(k er s paw
el evated flows and/ or temperruantoufrfe & bohMuacl §l 62 ; aFs asciea
et.2a0119) . Hi storically, individuals migrated upstr
sout hwestern rivers and their tributaries, often r
(Mue&Maemrgb02; Dow20 Ihg)p aewiniang aow @gmr aTd ®nkm have been
the upper Col or a&ler i, @& 6 BakRde mda@ddki risnt | oti ¢ enviro
spawning has been observed on gravd%sét)baRazwibackl
Sucker can also repradutkeinnfleowi cof envvensmandsw
shor €IBiomeag2 0e0t2 ;alAl h2G®XkMh;t \abk td 2 )Septawanli.ng occur s whe
accompanied by one or more males positioned cl ose

gametes. During the spawning wpletri plde ra lmedd8e2Wis@la we
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orback Sucker eggs are adhesive for multiple h
substrate within 3.5 to 14 days. Larvae dri ft
kwaters amdanfled o dediidofaft £ ot ¢ oin @mam,g g he, mai nsten
2). Wild recruitment of juvenile Razorback Suc
orado River Basi n, outside of Lake Mead, i n de
ckly consumed by abundant nonnative species th

-lBioBsh 6 &May, 20 0Mi;nc &EMay,20609) .

Originally, the Razorback Subikaegror Waéderhtelse emastmi
Colorado River Basin andSomavigaidc@psesmrehe €ol o
mi ng, USA 9(7Ni; n ®Kvled )R B 0 2 ; Mi nekD8Yy. eHowkver, the
tabundhnce aonl &®amgorbhoki &@&mcker s not entirel
e extirpated from much of the Colorado River B
umentat i,D9N8 { Mi Micka0e@®3) etUsxilng genetic technique
i mated the historic abundance of Razorback Suc
ividuals. This estimate was revisedotrdoaxk990, 0
kers were once so abundamgl ¢ hasit adp emwisitod hafl o ralc ot

m from canals for yuk®e8a)ys. fEmhe idpaecireddmac kdreyi I

ourckelwnsuppoeted a commerci alMi fnick&iheghIBB; Sagu.
ckl ely9 8e3t; aRiMet,BBD2) .

Razorback Sucker were widely distributed in th
in below 5,500 ft. and I|likely usé#&ldnsidakeler tri

2b09; Valilelz? ;e tHoablé ewo p2d 2€lt) .all.n t he upper Col or e
orback Sucker were found in the mainstem Col or

er, San Jua&MaRi8MHelr9 )(,Mianncdk Isenyal | er systems such

Yampa Ri v&Kasripp89us I n the | ower Colorado River Ba
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hi storically found in the mainstem Col orado River
( Mi nc&Maery2 B09) . Muell er and Marsh (2002) review th
Colorado River Basin. Thorough reviews of Razorba

provided el sewh20@3( MMinNtakrkdely0/%)t. a l

Over the |l ast 120 years, Razorwiad& SMickek| ayp ua
1987; dMet, 2B O 2; Mt Macrkd BeQy9 ) . Smal | popul ations of I
in both the upper and | ower Col orado River Basin,
management and reintr&Marcdh @Berpsrho2gdtlashd r. e Mbel eer al
2071 Zel ajks0d 89t. alh.e Col orado River is the most reg
decl itnse noaft iive fishes6 tracks closely to the devel
resources withi&aMah2bo2ygi DnpMaréeél Eaday, twenty de
hundreds of kil on&Maerr@sb 002f) .r iDvaems (hMwveel Iseerver ed ri ve
altered the natwural fl ow r eghimetsori ynp(@rOtla®ad r Dfi efptro | dela.
al2.021; PenhooBlk &t oamld. and drought cycles that mai r
fl oodcdmlbaitrmt have been regulated, and historically
l entic environments upstream, (MandikbPeladlon@md | wat er s
Ol d&mo,210 0 5 ; Penh@ma@k dtheak. conditions are novel to
the 35 nonnative species, many predatory, &that ha
Mar,2B802) . AWl vfeawr ffilsihgges endemic to ther €ord wirtado
i predfarteoe environme@02; (BondkD8y,;, ahowkver, native
Sout hwest are unable to coexi st wi t h,2t008 ; ¢ Dri rbér te
et ,2a012.1) . Avda,] tButsumrmedr ui t ment of yduwmgge rhatsi e tf ibse
observed in théeé,ewicledithsef mpaoep utlhaet iloOn5 0Oof Razor back St
(Sch&Maa )y b07; M& Macrk@ Bey9 Al br ezt 0 eRr ed atrdvmade o n

juvenile native fishes of this region is high. Ma
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juvenile Razorback Sucker were consumed by ictaluwu
River. As existin@gadidi edRatbebpophaBamkawm deol | aps
replacement fish were unavailable and nonnative f
1983; &Mai,2BO2,; Mi nne2RD8Yy . eCoakervati ons efdtorwesr éb e
i nsufficient to stave off the Razorback Sucker 6s

198 Ma&rMsi mc KI9SYWS F WB9 9Slc;ho&May,2007) .

RazorSouacckker 6s ESA recovery plan diviidh#wot he mar

recovery units, the upper Colorado River Basin an
Powell . Different obstacles; politicall,2@08soci al |l
Downlisting criteria for the Razorbaok ®Swokeelinc
sustaining populations, each with a minimum of 5,

Basi nWSRQUSBEB,; RIAWHforts to conserve the Razorback
Ri ver Basin and mainstem Col orado River and reser
thoroughly reWMi awé&d e29d Ge3e;w aSEBaMaor @ Bely7 ; Ma2Ghb eThal

remainder of this manuscript focuses on the Razor

Basi n.

The Gila River Basin is unique. Due to aggress
Razorback Suckerwihdhes iex ptamel eddppeaemgand | ower Col or
of reintroduction efforts Fhaazvoer bfaaci ki eSlu ctkoe re swiatbh iins
Basin (Sdanmndbhey; | 2DPAWSThe successes and chall enges
stocking efforts in the Lower Colorado River Basi
were comprmrelve ewiedelby Schooley and Marsh (2007). T

by extending the review to cover the subsequent 1
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STUDY AREA

The Gila River B & s immo rder ati hnasn 1h5all,f0 0cOf ktnhe st at e
the basin, a bimodal pattwirmt ef 9Precmpi admdi Pummemn
occur s (&MWiamr QKI08YyY, -Caprdreati,bDa2t BMbre than 500 km of
Gila River Basin are designated critix®ld) .haMudlalter

and Marsh (2002) estimated that 95% of all fish i

The Gila Ri.wW#4 kmafvreomeist 4 headwaters in south
confluence with the Colorad@O0ORBYer Water ¥umwa, eAr irzan
perennial, the river is shallow and wide with a I
within its activedolBanmghneMpEeddaHi.etphysi cal habi
hi storic conditions and provides juvenile and adu
1993). HtbBeomeanl Hdiyscharge o st,hebuGi |haa sRi¥iveecr! iwnaesd
Today, baseflow occurs ¥ms)Jahy (mediaamulads daflghwfl

(medi an¥ s&nfd domMs regul ardly EUe@R dGHPHeH . BH46m5500) .

Coolidge Dam (Arizona) most of the surface water
the river remains intermittent or drwyAzonats conf
Maj or tributaries of the Gila River include th

and Agua ,Frbuat Ronvleyr st he Salt and Verde are current
Sucké€&r duX)eThe Sal tk mMRilweirg iammd32dr ains the White Mou
Hi storically, flow in?3tsheatSaltts Riovnefrl uaevnecrea gweidt h7 2t.h
water is diverted Dammdcdrmal Sadtt i arirt e sRapefner al
et ,1a919.3) . TheuSakas Rylverhi ghest discharge of the t
Above Roostelvee | fti rLsatk ei mpoun,dmesretf | onw trrae e$ & lstf, aRil we rb
and the hydrograph is relatively unmodified from

(medi ar/ s4)..36Thre highest fl owsy o chuut i fnl Apds | exXmedd
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m/s are periodic (USGS Gage 09498500) . Roosevel't

River and |l entic habitat dominates from this poin

The Verde -RRmvleang,s ®r7a&di ning the Colorado Pl at e:
central Arizona. All 274 km of the Verde River ar ¢
Ri ver, owhdeao winst Geami afe Reef Dam. The first 200 k
prior to the Verdeds impoundmert i, b9 eAsabalche ame
upper Verde River has retained ad4po88USLR&P4 a nat ur
Hi st omucal loy, t he Verde River was entrenched in a
confluence with the -BalshRivegmeexxcelpat fexi at evd de
Verde, Arizonh9qdMadhdORretptedbday, the river i s char
l ow fl ow-@hhamnwilde , l5in the (a9mp6 )V.e rOdoew nasrterae a(niP ecafr tQ
AZ the Verde River enters a canyon. This 65.18 km
before entering Horseshoe Reservoir (790 hectares
is genersallliydadredorm!l | uutPam) (MBddakl etwv abtcitrsg in Ju
but flows in the summes. oMaxXiOmMmwm faendnnualel folwowl . A2c
16. Plasaymfdl o 0 d3s5 % fsn I J e nh®Yy 27t . AIS., ndadnd. 3BE mer e

recorded in 2019, 2022, and 1993, respectively (U
Hi storic distribution

I n the Gila River, Razorback Sucker ranged fro
border and occupied major tributari&Marsaibh2;as t he
Rinne2605akPang@die6; M&i Meacrkd BeQ/9 ) . Smal l er tributari
Pedro Ri yle&57;;EmMilrong k) ewer e | i kely used seasonally
2013; -Vodéreyd 2d02.1) . I n 1898, the species was abun
Rivers at &8oaf,l1&9 &8 be&ai,2BO2) and were found up t

Mexi co border. There are no known records of Raz
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which | ikely represents the upstream extent of th
of the Gila River were usedPrangp8Ba@son@flfi spawhi hahb
Razorback Sucker on the GiNlearx Rliexecoebooendeésn doovmst

to Coolidge Daln® 9(3MaSOHMIX 4 et all

I n the Salt River, Razorback Sucker ranged fro
the Salt River Canyon, ,28898)of L&Frgbepopd!l @6Maodds x|
PhoeniAX¥ ea, which was histo&Micmat KPPS8R ;| &eemgeéd OBe kisand
Rinne2805al . Anecdot al ascccad uen tnsi gdroactu noennst olfarRgaez or b a
Col orado PRihkemighhaheosantx and up t&hc SfAll&d &8Ri ver (C
Hendoinlck®BBi;nne,20605al . The species persisted in the
experientedmapespotfti on boom in RooseDRar.t Sl ak & oanfs
of Razorback Sucker were harvested fI®M3)RooGCrivieil ¢
habitat for the Razorback6®Gulzrkiedge xdewmmndst B8arkmt d rl
segment characterized by a deepl ¥Yangod, | wshgghdeepgh
(Madduxl 99t3RJABISI 994 No historic records of Razorbacl
however, there is connectivity to Roosevelt Lake
is assumed the speciedo®9s8ed tLhe tdievdrackMaddux aetd

in this segment of river and pnu¥SsI)y. habitat may b

The historic distribution of Razorback Sucker

and Gila Rivers. The earliest known fisheries sur
Scof(LegP®&nd no Razorback Sucker were document ed; h «
were captured in the Salt River from Phoenix upst

and Deacon (1968) stated t haRazdrelrec kar *u mmkoe rk nionwnt
River, but | arge popul ations were present in the

sections of the Verde RiveAZGH@B)p @aO®Ob6dd Aaprzananami
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Sucker from Peckods Lake, an oxbow | ake near the h
Wa g nled54) , |l ocated | ess than 0.5 km from the Verde
Reservoir. |t has thus been assumed that -Razorbac

19500s ,IWVagnemMlntc&) eyHowever, t hceh aninsenl cloemmuinci thya bo
rarely representative of neighboring lotic stream
wathberdi es el sewhere ,PA0AR)i zdhae OBbmaknewnakvi dence
the mainstem Verde River &XagkT®8) ecArdarn amhdeOd®dl8o d iMd
the headwaters of the Verde River found one singl
i an ar cheodaotgincgald 6sGi1t3e00 Researchers concluded t hi
Razorback Sucker were sufficiently abundant to pr
peopl elsl EgMigleI6Besi gmateadatd habitat for Razorback
headwaters of the Verde River at Sullivan Lake Da

Horseshoe Reser,t8pBUSEHM@PHAuXx et al
Decline in the Gila River Basi

The Razorback Sucker was extirpat,2d98yomThéael &
Razorback Sucker in the Salt River wasSucakpetrur ed i
werecovered when the | ake M®93dr aiThed liastl Ra o Hea

Verde River was captured in 1954 alt9 5Pe c kMish ¢Lkal keey a

Mi nckl ely9 83) .alThe decline of all native fish speci
foll owing the construction of Theodore Roosevelt
Gila, Salt, and Ver de Ri veresnt allhleys ea nidn fprearsnarnuecnttul ry:

nat al environment of &helRiG0SR. RTocay , Barso ing {104 d2h0
river in the Gila River Basin has b20hm5)i.nundated
Connectivity among habitats, i ncludi g vrmeirg rf a tsdireys

the Colorado River, wer & Magdr0e2d .b yT hteh ensad ud aarhs f (I M
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Sout hwest United States, which includes prolonged

environment al resistanc&Mayghbh® a3t &MdanBOEr; fi shes

however, widespread habitat alteration has reduce
environment al paradigm to o&Moywh&®3Yavors nonnat.i
Nonnative fishes were first stocked into Arizo

mostly of fishes used for spofteandr § ofpRAIM:Me.cet ea
Today, the rivers of the Gi |Pay!|PRidvecrta Bd sodh aveanre |lsd o mi
Catflicslal urus RadhCHFhRitmar!| ) aMbosgGamblussh amndiai suit
of nonnative cyprinids and centrarchids tsthets.repr
Bl ack Miasgsogods eraemm@mp.in the Gila River Basin, hayv
specineast ifvoer sout hwe(sB emrar2ditd ha ). q2n0s0e@8n)y.e tEvaild.enc e h
shown that Razorback Sucker remain at risk of pre
until they achieve 300 mm total | ength and exceed
(SchoolLz2g0o&X. alln the wild, 300 emndnsitg drsd tF uarct hhi eer vimeodr
fishes of this region | ack morphol ogical, 1ife hi
and have been charact &r iF2,® 83 . piedagoRamnapbackWs
guickly consumed by nonnative fisheBazaonrdbactkshas Db
Sucker survival i Matrlséh Ra dlidmBFtb o @dMa ly, R0 I, e Ze | ak s o

al2010) .
RAZORBACK SUCKER STOCKI NGS
Stocking ie2f0fCodrt s 1974

Razorback Sucker reintroductions in the Col ora
stockings in the Gila River Basin occurring in 19

stodkeg®m0O0O di fferent | ocat i onsd wc kK1B909n3 ;t 20 aG;itl a Ri v
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Scho&May,28807). Recaptures were scant and none of

popul ation of Razorback Sucker.

A primary reason for the poor initial resul ts
stocked. Roughly 90% of the fish stocked during t
juvenil e f i sHedn(i<clkhsOoOnBupe & Mearr,2 B0 2; ,2BYat)t. Size at re
been strongly cesrtroeclkdtnegd swirtvh vtalhe ogfo&sMare,@bMack Suc
Zel ask®d0k0) al Manager s amenndetdh es teoaorklpyniglo9pdrQost o e ol s e
of fish I arger than 300 mm TL. However, first yea
reintroduced fish died with nMaa do/n;t hZ eq2aDktshoe iert satl
I n the Ver dRazRorveearc k e2r2g,e0rO0t han 300 amm IFA@MBer e st oc

(RobinG0bh) ; but no evidence exis2®G04&)h.at a popul at

Survi val oRaztohreb aschka sSkubcdkeenr | i mi t ed1 ®98 parasitis
environmenSahoé&t MgROPTZTsabnd predation from terrest
ani mals (S@BolAegr3adl.lg)l. PO21RAZorback Sucker wer ¢
t he Verde River amwdo ncianpettuyr eodf tthheer emaifrnt edtreyr msagt.aa mi n
infecti oIn®s9 )YouRigmi | arly, Warnecke et al. (1997) n

hi gh on Razorback Sucker stocked into the Verde R

inci déecesapgfa on Razorback Sucker captured in the 1
fish parasitism, injury, baddsdttd®9Bc laaxl gy ratel alt.
208). Stress associated with the transrpaobrotdayt ihoans an

al so contributed t o Rabzionrsbpan® REECShuackkl ebty Cndolr t al i ty (
Furthermore, environment al stressors including fI
guality, and biological interactions with conspec

resulting in poat.condition and surviyv
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The primary reason why stocking efforts failed
predati,@f0a4Hy i ha0n05 ;e t SLcahlaor o BeB/c h 0 o | £2y08Pe. t Mols.t
Razorback Sucker reintroduced into the Gila River
consumed by a vari ety &oMarpdnOn7a)t.i vRee vfiissi hoenss (tSoc hsotool ¢
the early 1990s, which included the stocking of |
Razok baewcker, but stild]l no popul ation established.
present within the Gila River Basin and its reser
approaching 30 0&Mam,2THLO 7()S.c hRorod deayt i o nMairss irdionMe Kk li eny t e d
(1989) reported 10 of 14 telemetered Razorback Su
days of their reintroducti on bLyontterrar ecgatnrdi dadlw apirnge d a
et (0 Lflound tags from preS8uokseltyi eenc&etdeRagzoabaak
River trkFbwutlaewymor e, 8Scfhoouonlde yaveitanalp.r e(d2adtOi on t o be

Razorback Sucker mortality on the mainstem Col or a

I n their review of Razorback Suc k200 4s,t oSckh onoglse
and Marsh (2007) concluded that Razorback Sucker

2004 than when stockings began in the early 1970s

Stocking EX0d2rts 2004

To our knowledge, all/l Razorback Sucik&©r20st ocked
occurred within the Ver de2 RIA¥.¢ zGCamwmae iarmrd tHiisbhu t e p ar:
stodkBe®37 Razorback Sucker AIZIGGFD tume urhd ii Teidibi¢ ebm d\aet rad
All fish were stocked at BadblklHdy LRHdeatTsh eoravhrialgdes |
of fishbhhteo®Wkede Ri v20r2 Ob ewtanse e3n6 02 Ondrnd T L . Large fi sh
includedvéo(84y%) Razorback Sucker ohummMdirsefdnpm dvé&i0a g
Razorback Sucker of 4MAOGEFDhumapeblagehdd dat 2p12The

fish sbhbekedi nstem Verde River per reintroduction
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(mi n: 2688 maxNolRazorback Sucker were sAZG&EFDed i n

unpubli)lhed dat a

An addilOt7iGonalveidni |l e Razorback Sucker (< 200 mm

tri butary of the Verde River. Two stockings occur
2009;Chevem2e1i6alTabl Bhe intention of the Fossil C
establish a population of Razorback Sucker within

Razorback Sucker to rear prior to ,i09Per Robg nts® nt

Crowdetl).

From-2®D4, monitoring of Razorback Sucker stoc

was through chance AAhGHM retce mr ovfii & hii mtge rsmirtvteg/ st i nt e

overall fish community. Seventeen Razorback Sucke
frame (AZGFD, unpublished dat a). The majority (7
an®@0® (6 indivi2@doahs; | RoRiO®OSonall seven individua

Reservoln. ( Taklse fish were ripe and tubercul ate m
aggregati on0e).RoPbd misGosners t( 2n&da@ ed t hat t hese -Bazor ba:d
years prior to their capt uwier eb atsaegds otnh ath ewebroed yi n joe
stocking. I n 2006, three Razorback Suicrketrhever e ca
mai nstem Ver d.82. RiFvi esrh (cTagphtluer ed i n the mainstem riv
their originaNosstoeakkinmge loccatriremd iad |HRafes lbeae kRe s
captured in Hor sesedber Kears airpwsdirre awme r(eChs tl sk Ri ver A
considerable downstream di spersal. The | argest Ra
three years prior and the other Razorback Sucker

cpture ((ROODVNSEW®abIl e

Four Razorback Sucker were encountered on the

Reservoir-20”2dm 2002012 two fish were captured and
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i sh wasnecaarptBueraesdl ey FIl ats, theilr;20TA4X)i.e aNhastt oc ki n

ockd mumghtes e individuals were from is unknown.
I n Fossil Creek, two Razor bsaiokv eBocili dvee worse det
ocking (B®ydnskiHoawteva&lr, agency surveys in 20009

zorback Sucker i&cCrtohwd @dtlr, e 8B yv@AR GKii n Ka®driaohvg doenr

12;ChexkenOelts)al .No fish from these stockings we
oGleezem2616al

Chance encounters via community sampling indic
rde River; however, 17,313 Razorback Sucker hav
21 and only 17 have ever e @0MRec avetrer auch.ab3teo d ko
popul ation of Razorback Sucker within the Gila
Causes of fish mortality from these stockings
edation by piscine, avian, and mammalian predat
mited survival. Thesghmatt ahet Cotduhaddlskypersi 88

r,20870c hool gy08pe t al
DI SCUSSI ON

Mo s t reintroduction efforts that fail, do so b
i tioal decline of the native f iBsldrerawOndédt) .mden
Il d reproduced and recruited Razorback Sucker we

izona because of widespread habitat alteration

i shes &MangRhDOYy. Nati soatfhiwelsaeas Unfi ttelde St ates cann

rrentofsunioonnati ve f2i0pBeCd a(r Kiz1pEhk ledly mehtatalve f i shes
come increasingly dominant within the region an

nerally not beet9MmBt |j2080tbed (Nvinmnaet ievte afli.shes ar e
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primary reason for the coll apse of native fishes
preclude signifi c@lnar knsa®rs5peed hfa dshhe yraebclo7v)e.r yRe(cover y
Razorback Sucker populations in the Gila River Ba
the competing and prCddaatkis®g neddmmdabtri M eh ef icsurease nt en
paradigm, species recovery in waterwaysedvhere non

(Cl ar ks»05 et al

Terrestrial predation has al s@Mamap.i ted reint
Razorback Sucker of hatchery origin are susceptib
2008Avern30kt Sdhool ey et al. (2008) found hatchery

mai nstem Col orado River occupied the upspteorc ktihnigrd

which exposed fish to increased avian depredati on
avian predation appeared to preclude swraVivagl ainad

fish condition was adequat e. River otters have al
nui sance popul ation of river otters consumed Razo
(AZGFD, personal commenecabdapggkedd Whebhepasserve int
transmanmdered eased on the Verde River where they a
unpublished data). Quantifying direct mortality f

confi r me(chAwe rsy2 Oeltl )a l

Nonnative fish species control i s (n@lcaerskssaarny 4 tf
al205p In Horseshoe Reservoir, the first i mpoundme:i
el evati on, i nckduwdnnn gh acso nopeleent eu sderdaw o di srupt nonna
overall fish biomass. Theawiattiecgalplry,cigd ttaha orne s & re
made available and overal/l nonnative species biom

fishento an environment free of pred®&©6é6ry Mamdandam

200Mi;c,LR@). Razorback Sucker experienced a univer se
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the first dams on the Colorado River, presumably
resources were unlimited in t1983as e, 2BO&QR)reseryv
Drawdowns have been used to successfully manage f

States (MdMO®Bek Pepd@dat) etDradwdowns have most often
or f orpapeu lfatsiho n-dxei ptrieng fi sh popul ation can rebodu
(Palo®f7) . Further mor e, drawdown can concentrate p

target sport,fliOog® p(oHeematni aeltl yali.ncr e a.si Mgr e rreedsad da romh

the i mpacts of drawing down a mainstem reservoir
The majority of Razorback Sucker in the Colora
From-20D4, more than 60% of all Razorback Sucker ¢
Horseshoe Reservoir. I n t he Codtoaiamdion Ri pepulBatsii ain
Razorback Sucker is found in Lake Mead, a | arge m

Lake Mohave (@2AIlDMachsthO¥t @Wilttoral areas of reserv
t he hist orsi d¢ hfaltoovcepgleaii mportant t o& Maart&BvOe2 ;Sout hwes
Pennoc,ROQtt)al The inflow of the Verde River into H
to inthbowake Mead. A renewed focus on reintroduct
Razorback Sucker in the Gila River Basin. I nvesti

Sucker reintroduced into the oWegrodiengRi ver and Hor s

Within Horseshoe Reservoir, water quality coul
Reservoir is relatively shallow (max. depth at ful
sedi mentation that has occurred since the constru
surface water temperatuerse2AdCBoTBeshber Rakeprveie
Razor back Siux&kedA iG&RRMOWOOB) and fish | ose equili
temperat uB@8sl1Af C36 A0A0v6e)t.h Teetmpaelr.at ures in Horsesho

exceeodr bRiacck Sucker preference and can approach | et
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rtrhermore, stratification often results in hypo
eventing Razorback Suckers from accessing cool e
or environmental condsiet itohnes ihnacsi dbeenecne sohfo wpna rtaos iit

ntributes to poor (Lhaenadlstbhe i &@rolBaic reea u ¢ £2dBls2u)s i v a |

Significant downstream di spersal has been obse
gan in the Gila Riard MarsRRmobi @By 1 Neahowlnewer
wnstream di sper sal has al so been observed on th
e Green River and is detri memRtoall)t.o Frl eiwn ttrrcad ind tn
dividuals in hatchery conditions prior to their
creasedalfiasid gwerdwicved downstream di spe2®2l) .on t h
wever , infrastructure -gmalfd oiws tmmrati ny dtn da wad idluaal Ise
ut maesitve fishes. I n the absence of such infrast
cker to disperse downstream. However, the rare
ar the Beasley Flats aodtCbhbdsuBogest Aomessndt
nsi der allkell e tyi tiem fl oti c environments. Wi thin fish
n exist, the former moving | es$ atnkoam nogn es ikgm iffrioc

stances, sometimes hundreds of &I d2mme&8rrs, from

Vari abi I-sittoyc kiinn go okkits per s al behaviors suggest indiyv

Th

Su

Pennock et al. (2022) found that native fish s
mpetition and predation decreases, when the den
e average stocRi0o2d obbBamekssooom oK. Il ncreasing
ch stocking cohort could increase fish survival

cker can establish in the Gila River Basin.

The rarity of encounters with Razorback Sucker

sin (Bureau of Reclamation, wunpublished data),
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popul ati on. Further investigations on improving R
and competitors, improving water quality, flow tr
stocking in | ocati onssucthh aats ntHhoyr siensphrooev eR essuerrvvioviarl,, r

establish Razorback Sucker populations in the Gil
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TABLES

Tablllest ocking records from0O2he TGhémeRavernd8asiaoacRkRD

authors of this paper that occurred outside of th

Date # stocked  TotalWeight MeanTL (mm) Stocking

Stocked(kg) Location
Jan 2004 461 328.9 425 Beasley
Feb 2004 973 433.2 360 Beasley
Feb 2004 891 480.8 360 Beasley
Feb 2005 1024 317.5 310 Beasley
Apr 2005 980 510.3 386 Beasley
July 2007 45 27.7 475 Beasley
Apr 2008 99 175 Fossil Ck
Dec 2009 480 175 Fossil Ck
Dec 2009 997 175 Fossil Ck
Mar 2010 1026 192.8 275 Beasley
Mar 2010 994 217.7 285 Beasley
Apr 2010 1088 208.7 288 Beasley
Mar 2011 896 310.3 326 Beasley
Apr 2011 900 453.6 373 Beasley
Apr 2012 450 377.8 440 Beasley
Apr 2012 902 487.6 385 Beasley
Nov 2014 2500 175 Fossil Ck
Apr 2016 23 20.4 452 Beasley
Feb 2018 320 354 Beasley
Apr 2018 326 83.0 279 Beasley
Apr 2018 398 205.0 358 Beasley
Feb 2019 756 159.2 279 Beasley
Apr 2020 784 423 Beasley

Total stocked 17313 327
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Date Location Method TL (mm)  WT (g) K GPS

5-Apr-05 Horseshoe Lk G 490 1370 1.16 34.0460433;111.7277008
5-Apr-05 Horseshoe Lk G 426 650 0.84 34.0460433.111.7277008
5-Apr-05 Horseshoe Lk G 478 1130 1.03 34.0460433,111.7277008
5-Apr-05 Horseshoe Lk G 432 830 1.03 34.0460430,111.7277008
5-Apr-05 Horseshoe Lk G 465 990 0.98 34.0460433;111.7277008
5-Apr-05 Horseshoe Lk G 391 570 0.95 33.9857442.111.7061398
5-Apr-05 Horseshoe Lk G 406 660 0.99 34.0460974:111.7277013
6-Mar-06 Horseshoe Lk G 451 790 0.86 34.0460974:111.7277013
6-Mar-06 Horseshoe Lk G 494 1140 0.95 34.0460974:111.7277013
24-May-06 Verde R E 485 970 0.85 34.2256000:111.7038110
24-May-06 Verde R E 440 770 0.90 34.0997280,111.7037770
21-Jun06 Verde R E 350 34.4524987;111.7843771
6-Oct-06 Horseshoe Lk G 445 730 0.83 34.0460974:111.7277013
13-Juk12 Verde R E 430 34.5004667:111.8211636
13-Juk12 Verde R E ’ ’ ’ 34.5004667;111.8211636
19-Mar-13 Horseshoe Lk E 448 34.0020380;111.7358030
15Jul21 Verde R E 517

34.5046805;111.8307485
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SURVI VAL AND MOVEMENT OF RAYRKRBGKEKN STENKARWRI VER
RESERVOI R COMPLEX MANAGED FOR NATIVE FI SH R

The Razorback Sucker was oneaed vtelred masti vaeb un dahre
Colorado River Basin with an estimated popul ati on
extended from northern Mexi co atlo9 9slo;u tChaw,eDt@er,nn eWwy oa
Mue l&Marr,2B02) . Dwe dteo plmgpuilmti on reductions the Ra:z:
|l i sted as endang®k9®d) i mutl 9Wds (USFaMBt | y proposed t «
2021). The rezokebyclér Reaa®rt he result of decades
stat e, feder al , priv2ttel)andcomnrsiebalatemmni teiféd ®ort YSH
augmentati on, nonnative species control, habitat
i Nt enp e ari@ensadyg e me nt2 O(2ULS F Wse n2hbZxX) .etHawever, Razor bac

remai ns at ri sk of extinction without ,2Mh21).ontinu

Millions of Razorback Sucker have been,stocked
198 School ey00&7 )Marbstht popul ati ons remain small anec
fish (DEEYS Penh®@ZxXk;, eRe bz X) .etFadt.ors | imiting th
Razorback Sucker include widespread habitat modi f
environments upstream and cold tailwaters downstr
fishes @a&MjleOt9klil;e yRi n nle9 K5 ;J aMig2s@adii3 et Allt. hough | arge |
Sucker (>300 mm tetuaVvVivenghtd [&htpdaoateenn modifie
seddistaining due to the complete predation of | ar\
et ,2a0l0.3 ; Cl g208 ohuren2@ald0eé) . aA.notabl e exception is
popul ation in Lake Mead (Nevada, USA), where some

document ed (200 IbQ ;e cAlth2drl hgtl Rd n2edxXk) .et a l
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Evi dence suggests that stocking Razorback Suck
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c,2t01¢t) . alRazorback Sucker are conventionally
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t o

b a
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et
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cally used inundated floodplains and | ent.i
(Mu2002r ,ROdErFresMa2G24)t BHhe Col orado Rivel
eaSiMe ki tbebtrder was considered a strongho
n colonization, spanning over one million
, and was sustained by,2l00r2ge, Apethieodiogi fclad
es that Razorback Sucker were abundant in
along the Color8ad@6; RMuelt,P6BaRaMans boaka t
ck Suckeresmpdrudilsyt ek pamd ucwead i n small l ent i
r s,2(0Ba2n a rD oew2 0dinTgh reeetmad In-smgtaéehf ng popul ati ol
ck Sucker in the Colorado River Bas,n is ¢

The Razorback Sucker in Lake Mead are stro

e c2hOtl Oe;t AdIhZ@®kh)t. eResadarchers believe reservo

at

ion, antebieghotatbiodistprioni des | arval and

t hus all owi ng t htean & du latf HNilidfrge r@htidagelitso m | an d

empting further Razorback Sucker recovery in |

hway

to Razorback Sucker recovery throughout t

Conservation efforts in both the upper and | ow

cesses and popul ations of Razorback Sucker hav

an

t

m

er

d

he

en

NV, the mainstem Col or adkRPovréd Ivle,r tbltod hSarp Jawns
Green Ri ver ,2a0nlo5n)g, ortehseurlst i(nMjarisnh tehte aslp.eci e

dangered t2021)r.eaHocewmewe r(,USRFaWSor back Sucker

Basin ANMtanda®A&, hbd®e been unsuccessful. Mo
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have been stocked into the Gila River Basi n, but

Mar,2B02) . Poor water quality, stresses ,299d9i,at ed
hi gh parasiteld%2a)d, (aGrdeelfacekt ocafl .adequate habitat F
(Hendr,ie988pn however, predation remains the pri ma
(Marsh &, L@y ,hoScshpo0@&)y. aMamsh and Brooks (1989) r
Raz orSouacckker wer e consumed ky si ootfaltihreiid csatofciks mgwiit
Basi n. Bonar et al. (2004) and Johnson eBasiln (20
to be a primary predatory threat to native fishes
the Gila River Basin has concentr thadplexwlhiesiev ¢ lhye
|l ast wild Razorback SwgkéEedswasaonldsefD0eldmi of 1L8bdecf
critical habitat, 1)t hSlapedtRORAZ UVSFA&SEKk Sucker h
however, < 0.10% of these fish have be®omlregca&pt ur

Mar,2b07; ,JQreaamjegyr As such, met hsotdosc ktion gi nspurcocvees st hoef

Sucker within the Gila River Basin remain of inte
Hor seshoe Reservoir, the furthest wupstream i mp
Salt River Project with the objective, conditiona
Phoeni x Metropolitan ar ea)menotf, niantcilvuediAwrg znoinna nsipzei
reproducti on, recruitment, and survival o,f nonnat
2021) . Foll owing these drawdowns, the reservoir i
stockiingeofi sheées. I n theory, this management str a
whil e also creating an environment with abundant
as water |l evels rise witihc,Rv® 21).r lamds p@nrt fnigstprman:

drawdowns have been used to disrupt spawning by d
periods (,He@mAnNn &yz2@d2a) ett malrreduce biomass of over

di spl aciomg It herrfad cover into open areas where th
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et ,1a916.9) ; and to enhance reproductive success of t
establish prior to inundation, thereby providing

200T9g .my knowbbHgseheodose¢prods arsMmamigr drawdown t o pro

native fish recovery. Nonetheless, these operatio
Horseshoe Reservoir, specifically at the inflow o
to support successful establishment and recruitme

previously documented stockings of Razorback Suck

environment of Horseshoe REbEsestvablti mhpmensntuppdbra ph

Razorback Sucker within the Gila River Basin.
My goal was to evalwuate the success of stockin
and then refilled mainstem i mpoundment (i .e., Hor

Verde River, Arizon@2022nhua0 2t30 | flaonvwdi tnbhgd 2t4h) ey ecaornsp | e t

of Horseshoe Reservoir in 2021, wi th0 23 troe seaelrivoow rf
natural filling and fluctuations driven by basin
hdl of each annual cohort into Horseshoe Reservoir
upstream of the reservoir. I then tracked each <co
survival of Razorback Suaxrkert he rhaitrms tHom s\éesrhdoee Riey
stocking in the reservoir improves survival compa
environment al or management variahloeki agscuicxztesd
could inmprmvanduture stocking efforts in the Gil
METHODS

Study Area

The Verde River, a majoct hter iGhutaRyvetr ®Blsi 8alf

and is one of the | argest perenni al rivers remain
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free fwhiowiomg any major i mpoundments and the river
is designated as critical hahblaand,; fUSINEM e Rdzarnlsa
source, the elevation of the Verde River is 1,325
(Averi,ttlodtd)al The furthest upstream i mpoundment o
a surface area of 790 ha at full <capaclitt yRi vHeorr ses
Project and provide water to the Phoenix metropol
reduce nonnative202)h. bProimars st ¢ Wi ckike study, Hor s e:c
in April 2021. Nonnative fish in Horseshoe Reseryv
Mi cropterusLdod emdieawurho Btasrsus RadghMiecBaphrosase ,

Bl uelgeiploomi s macRedcddlireyso mif $ simi cGrod eonh leJpuenniiiss hcyanel |
Gol d€@arsdissi ys CaoumrmaoGuy Lrair pu,s Readr @S wir n eare | |We slt letrrnensi s
MosquiGaonibiusshi a @idnmeélst @atufriushprudcRladaRiisbadi €at 6i sh
ol i yammeng others. Extant natCavast osmsmhaslsocrd gafciknu da d e
Agosia chr Rooagadsthddla Cbahdt orCarn o s$ wmueirSpendsa ogeni s

Meda f,ulSpieca&Rlkidn iDalkktehyRabpseschbhak Suckaerr,i namrcctlhoasc h

cobatésreported as extirpated from the egadh3)t.em Ve

Verde River streamflow and Horseshoe Reservoir
of precipitati ewnm nwheircsh ainndc Iswdrense rwemtons2®@ha)l . r Bl e s
mi ni mum fl ow t hyearg hsotuudy hpeertihackein the mainstem \
2023) and the maximum flow was 2,775 c¢cms (;March 2

USGSO0DR5

Fish and Tagging

I obtained Razorback Sucker from the U.S. Fish
Native Aquatic Ani mal Recovery Center (SNAARC) in

Sucker into the Verde River.dAotanhdl PbT f188§gRdzant
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were exclusivel2y1l1 Pl TOt aghedt ¢Tabl annual stocking
and 44% in 2024 were O 250 mm and the remaining f
selected a subset of Razorback Sucker > t2lb0 mm TL

radiotransmitters (LOTEK Wir &lBavsg,. Omt &2r0i2d, aGan &2d

incorporated mortality signals into the radiotran
deat h. Raedrisothraadn sam tesitfiemaotfe d~ b3a4tOt edrayys. | used r a
antenna to improve t he efsfiegcetailvse atsr arhsemiVegiden Rhi are

turbid ressiigmnalg atint erawatoitora.nsAd ditteirasn aMi ltyh, irnadeiron
are568% | arger an80#%xpgecliieeneeina dBtection range as
( Wi nlt %96 ; M. Knof f, LOTEK Wi rel ess, per s. Comm, M a
removed @ak Razokdedra from its holding tank and anest|
(M822) administered via bath. I measured (TL) and
moi stened and cl ean towel with sursgiveceanlt rsaguisritd eb opt

provide flowing oxygenated water to the fishbé6s gi

MS222 in the same manner i f the anesthetic began
35 ¢cm i ncheimpeariitnamedl cavity adjacent and sl ight/|
tag into the peritoneal cavity through the incisi

technique to puncture the thodegxictavti i g5 laod yaplal smwerhilho
and3d 2cm dor sal of the ,2014¢g) nahAlli ncags oweil Rludbd e<5 @l
tot al mass (Brown et al. 1999) similar to, previou
202Additionally, 1 implanted a passive integrated
ATR2) into the peritoneal c8vekyerhathemteroseded
monofil ament) . Fol |l owdinwgi dwalgetroy,i tls rertiuginreal thel c
hol ding tank following the completion of all surg
tagged the remaining fi s2h5 (P-42T0 O0a ge a oy | ygenatrd)ro aabsre dn gA

PI'T tag trays (Biomar k). I inserted the PIT tag i
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(Perso29®189) .all. measured all fish (TL) and weighed
l inear regression model to est Wmata)l b¥ elLlpme(ilght s o
returned tagged fish to their original hwd edk sng t a
prior to stocking. The holding taplhcwas subdilviaea
split the group e yofaltthea ntaan kn gt hwehifcihstsiwvas r et ur ne
tagged fish on one side, the second tagged fish o

then randomly assi grmddckme anrdesbm eksa si ries evrewo i r

Stocking

| stocked the three annual cohorts of Razorbac
respectivel y. I delayed the 2023 stocking unti/l M
the study site. On Mar chwds3,1 @022 ,cmd oavnd nHd rhsee Ve ¢
7% full, on May 2, 2023, flow in the Verde River
and on April 4 2024, flow in the Verde River was

(Fi @Qur)eh weérse transported (~ 1050 km) to the Verde
1,893 L compartments) hatchery stocking trailer t

U.S. Fish and Wi ldlife Ser vi cieo uhsa tficrhdeess eyk \poriom o cfor i. \

stocko division during transport, tempering, and
Sucker, and the water used for transportation fro
trail ergnaer ns hraedgar di ng Verde River water cont ami
hatchery trailer had three individual hol ding tan

each tank throughout the tempeg inig Lproofc evsast.erl ftreom
River into each 1, 1Bi6n Lf c(orol @i mignitrmamk @&fved ¥ miSnut e:
temperatures within the holding tanks were within
Once accl i mateed,i vlerstcodhkad tpri or to stocking the

cohort, | cdh2 rhaeltiedomt Brelwi th a 2,500 | bs carryi.l
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stocking | ocation2}) hat usedt ae

di fied 910 L Bambi bucket (SEI I ndustries

Brit

nventionally wused for firefighting to transport

cation to the -StomchRuthlges | fauwldltsitloomna ktemdo kfrii7sslke rwa s

tot al | oads.

nolme df i n30QGh a phti esr

Further details regarding t

di s, ChapateroBt hédensepcked

ving the hatchery trailer to the shore at

rdathgeh out fl ow val

ta Collection

ves on the hatchery trail

I tracked Razorback Sucker i n-tteheenreitwrer

tive (mobile) radiotelemetry tratcrkaalgi,n@,n

nstructed seven

he

t

e

he

t

r a

f

Hor s e

r.

aer |

r

t armadc kri e

dl

pass

remote teotweres 2 y2Fis ¢ ectoénosn ss t (i hnegr eo

talogger (LOTEK Wireless D)QntvaatliZzcge€Epnbdbadat eMyde

tt solar panel with

nada) tat t &de hmd opo lod. aTo3wer s 1, 2, 4 and 5

each

rectional no2ement de{ Ergqouned telemetry tower

Ximum coverage across the river and reservoir

®bleanentcoYagodol baet enanad ¢(WADE

h

(0]

-

C

w

wnstream of Horseshoe Dam to detect amndy oRiaz oworfba
e study area. I operated telemetry towers conti
ve one telemefFrg2amRewsdmOO0( Mowerst3,eam foll owing th
corded the individual Fish I D, date and time of
ed at the telemetry station), and t he orrebcaecikv ed
cker. Il n 2022, I did not have a mortality signa
e status (live or dead) of a fish by examining
changed tdmrtolulgyh odudt eectm on peri od, I assumed the



47

and Aspooko the fish during the next mobile telem
mortality signals allowed me to identify mortalit

remained stationhoyrbsor a period of >12

I conducted mobile telemetry surveys monthly u
(approxi mately 340 days after surgery) to detect
and to determine the fitehddd hex amati nssgaetm alerildec Rt ive

and scanned the entire study area with a datalogg

M) equi ppetdy pvd tan taenn rHa . I floated the middle of tfF
When a fish was detected, I took additional t el eme
maxi mum RSSI , which all owed me to determine the |

mar ked the | ocation on a ImbFilel &Gm&p g ESRhd Redd ad

maxi mum RSSI, current state (alive |/ dead), water
run), substrate type (modified Wentworth scale),

2100®)20¢22, I recorded a fish as dead if it was d:
mobile surveys and if it remained stationary afte
and 2024 | used the moirtshlmalwdy deéeagd.all ft oa dfeit elh mva e
attempted to | ocate and recover the tag to ident:i
is often turbid and deep. On the reservair (<IB cir

khp) mailsPam nfirngm t he shoreline. Foll owing compl et

transects through the middle of the reservoir ens

detected, I maneuvered the boat totoecdedt RE®It he
|l ocati on. I mar ked the | ocation on the same mobi l
Fi shl D, maxi mum RSSI , water temperatur e, and turb

Reseoir coll ected via LIiDAR in 2021 and subtracte
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servoir elevation to identify the tota6hdepth w

a GI'S ( ESRI Ar c Gl S, Redl ands, CA) .

| al so tracked Razorback Sucker survi val via s

del: Submersible Antenna System 0.9 m and 1.5 m

ittoral areas of the ritved ®Bhd mesenmasrthbnoeughbo

riod, the number varying due to flooding, equip
udy, I randomly placed PIT antennas throughout
metry detections to refine the | ocation of PIT
itable | ocations were identified, t he spatial |
riod, except for vwnmoaetdehoanewabar eapeofodntalé
tenna arrays had a battery I|Iife > 40 days. I do

tteries during each monthly telemetry survey.
vironment al Dat a

I measured dissolved oxygen profiles, water te
rseshoe Reservoir each month from April through
the deepest part of the rlelsewv®pmri wgds ,h @H)YSI I P
servoir ,2l0@bvatipompO@SRPon ful|J2)0,253i,r stuerhmerea twan e
mperature (AC), depth to thermocline (m), and t
corded reeserabirhel evmée of sampling and calcul a
r temperatures. I measured surface turbidity (N
Il tiple locations in the reservoegst ofmcHards esghdd
d at the inflow of the Verde River. On the rivel
ngle Creek gage (09508500), |l ocated ~ 1.2 km do:
nthly mobirecoudeedy walt eal gjwmal ity and habitat pa

cation of each fish detection.
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To index predator pressure on Razorback Sucker
examined Arizona Game and Fish electrofishing dat
2024) for nonnative fish prengpatedr £ lneUssiintnegpsOaavf &r el 2
of the Verde River, ending at my mainstem river s
with a boat e-ReotroVasbeuv é SmiwWhshi ngt on; Model : /
standar di zbeyd afdgruspowegr t he peak current based on w
et ,2a012.4) . I conducted two electrofishing surveys i
in 2024 (April). During the 2024 survey | wused tw
|l ocations of Horseshlbef ResBespodciresl andemeéeasueddat
1 mm. I conducted electrofishing surveys foll owing
war mwatheri nf il arge standing bodies of waMieranfdoar erti v
al2.02Pr acehte RaDlp.4 Additionally, duri-hgne@keadkf b2@23i amgc
I condutcitma wiayyual c oNartrso ptfe rc&M awm Pt e myn) br asili
mont hly throughout the entire study area and coun

Hor seshoe Reservoir at a known rookery |l ocation.

Data Analysi s

I usedemapkure models to examine four differen
for reservoir sttoelkeemR damode brai cvke rS usctkoecrk exd 250 mm TL
(2) survival taehemRarembdatkoBucker > 250 mm TL i n
regardless of stocking |l ocation (multistrata mode
Razorback Sucker of two different si zkolSHilesrses (<
[ CIJS] mo(dde)l )ef faencdt s of environment atle lceonmadhi é ri BonTs o r
tagged Razorback Sucker (Bayesian survival model ,
regression). I built capture histor iteesl efrmoertn eeraecdh, i

PI'T tagged fish independentl y. I assumed that any
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ugh Horseshoe Dam, as identified by PIT or ra
er that emigratetdudypasrcreaamnanddoot ebemmyry, w
ream and downstream movement. Additionally, P
er upstream of the stocking pool. Therefore,

s ksng years and between river and reservoir

ario 1

Data collected from radiotel emetered fish had

k nfoavtne Burnham Model to model survival probabildi

ob

ability of recovetihyg afdaatli ShsheMma) niagdinpr

Bur nhlaon8 7e)t. aBlecause | assumed al |l |l i ve detectio

y ar ea, | fixed the value of F toasl:deGapture
ctions, e.g. ALDLDO6, where each time interval
esenting if it was detected alive and the sec
; BLUI 9dh)a.m For example, a fish that was detect e
sion 2, and found dead in sampling period 3,
ure history therefore hadngni neev ecnaptlauwmreea eaagahats i
hly capture occasions, for a total of 18 char
h 8 and month 9, | coll apsed those two mont hs
erigemace¢del ed S, pagf atnidmea (ais. .u,ncadptnisr e occasi o
iver [R], and stocking year. I first fit a nu
ergence issues, | iteratively adaecdd odovdri at e
idate model s. I then selected the top model s
l e size (Al Ca)ankred mopgert edc dt lteo ntsaghe Ced Oaddi t

as havi ngl9s7udp;p oBrutr n(hAak2e0i@R2eAfnidte r sloin model s in Pr
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erlsli.oxWhi t e & 9BWrunshianngy R Ma.rk. O(;2 eLiaS8a) koehr ogr am R (ve
5. ; R, ZoO24€ Team

enari o 2

To estimate survival while accounting for the
vironments (e.g. a river stocked fish that tran
to the river environméelrhte)s,e Imouwsdd mwlttiimatt readt & um
tecting an individual (p), and the probability

on having survived the preceding sampltiwpngstates
e, stratum) : ALO for fish in the reservoir an
Il apsed the 9 sampling periods into four period
t of sevenwiamdiSdape mndelPsi held constant then
ate (L v R). | selected the top modl Gc uBih.g0 Al
t al l model s i nlPyr eWhiatme MA RBRUIr(gwhiRiveair kn3(. Ve r0s i o n

akRe1li3n Progradm.B.(vR&r,Tope Team

enari o 3

used a oGenhmearc k( CJS) model (citations)taggedti mat

ish. The CJS model cannot distinguish between tr
cause we assumed that ramy ufdiyd mavklaatoasda rdrean erhti | w
present true survival . -mo netvhesltpuasthe ch gs u rov iswt aln dwair td
tection periods), 2023 (19 detection periods),
& . |l created capture histories where 10 meant
tected. I used a gl obal CJS model with all the

tecti on -nmoanttah itnitnme 4i,nt2mombahs foll blwenfi eath9stoc

urvival) and p (detection probability) as varyi
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<250 mm TL and A = O 250 mm TL), and stocking | oc:
| again used Al Cc, reported the t oyl Guood&I|2. Oanads co
substantially supported. (Ve rlslit.oxh | t emo #e9Ba9runshi anfyr o g

RMar k (3v.e0r.sG;@0lLla3ak ®rogram. B. (vRkr TOpek Team
Scenario 4

To examine the effects of environment al vari ab

calcul ated monthly mean values for environment al

2025), reservoir elevation @pmuomqgr tdiegn hf ulol }t ,hemreano
temperature i mmediately above the thermocline. I
environmental wvariable as it varied by depth and
depth to whemrenolwédélimw ,t he thermocline dissolved o0x)
above the thermocline dissolved oxygen was > 5 mg

principal components analysis (PCA)20a0s0)a, nree chuocdi noc
five original environmentalsivime iabadrersf ommedtiwbe P;
el evatiscmrendcadtzandardi zed (scaled) all variables t
PCA ( Mc Gat20g0a0l) .etl then examined the PC |l oadings t
then used in a | ogistic regression analysis of su
constructed a Bayesian survival mowall fwdrt he aammh nd toc
cohort (2022,2023, 2024) at each monthly time int
detection periods) for both radiotel emetered and
frequenti stelBuwarshaomeModgarameterized with each sto
in the model. The Bayesian model allowed for a su
determining how environmental vae. albltlsen mprtcrt ®@dt ¢

posterior means and 95% credible intervals for mo
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survival model . I then modeled the posterior suryv
generalized |Iinear model with a binomial error di
RESULTS

Scenario 1

To model survival (S), detection probability (
radiotel emetered fish | i2nZ) .udkehe 1Burcramam dmad cce Imope

(~Year +Time) p (~time) r (~1) F (=1) was the top |
0.999). Apparent survival varied by year and ti me
probabikht Rabettwvack Sucker st ock=d 3i70C2-052Adnd 20
0.089) ; howlkeveuck®Rmazouwbwaicval was significantly hi ¢
t wo stockingbyedr § CIYe 5201274 2.13.)5 159 ;n RiORWLr,e si x Ra:
Sucker were recorded on the telemetry antenna dow
dead in the survival model as they had permanent |
was unknowhl yAddutviownal esti mates varied by ti me.
b -£. 940CI|-3BR%,. 283 ;b Hi. BSBCI-D588B87429) was consi stent

suggesting declines i n -sstuoacvkiivred 3(WH itgviordealc s enbad i n.

p varying by stocking | ocation, reservoir or rive
little support. The detection probability (p) of
negastveaees for all time intervals relative to t

probtaypidfiter the initial detection period. The moc
converge and was discarded. The probability of re

an ani mal died, there whd beOré@68vpreHdabnlithg nhbha

Scenari o 2
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I found support for oneodkel shéusied tandodat esm
each stratum and the transi228pn Phebtbpl mbdek AL
0.824) was parameterized as S (~tostratum + ti me)
was significantly | eBs6thaRanCIliNs RS 1rde889 e rawnali ro v(eRiau
survival wdadl imeresasickg nigi. mé bwerst2¢c QAU St al®B0%(8p, 3. 3
and overall detection protiamatedyt wats Oh&®& Ot r amei tti
to L in timelb wa s3409.C4-BBIRBIi, MmOL 225) and this incre
(time. 473, t BoW®H )nei ther was statisticalltydsignif
as | observed no fish transitioning during this t
Within the first 3 months post stocking, 41. 4% of
from menpds¥d stockengstodotkéeé® 6f shi transitioned to

observed no fish transitioning from the reservoir

model estismagtnead iacamdn transi tion pr adaialtiat ys hiorwetdi
al | -srtiovcekre d radi otel emetered fish were either dea
July, regardless of the year. Once in Horseshoe R
the north eadReseHwoisesmhear the inflow of the Ver

east of Hor seshoe Dam.

Scenari o 3

I included twelve candidate CJS models and of
weight = 1.000) with parame2 d)i zModehsPlwith~®hzely
stocking year were not supported with Al Cc. I n th
significantly | ower than Bd@&l 83 R@IzM.5MMIcKI BS)u.c kTelre s
detectioyn fporobabli |Razorback Sudker Owa8X 7Ah.i8@®BEs t i n
1.278) iagndi fwiasarmtly | ower in subsequent years, wi:t

2022 (202386 ®PCI=O.58411,278) and BO0DSDHDA4MN0-BDI9D2097) .
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Scenari o 4

Mean daily air temperature maximums in 2022, 2

month in each year was July with a( MEEBh .Z2ARbBYy max

recorded the hottest air temperature in 2023 (Jul
years; Horseshoe Reservoir averaged 5.56% full in
21) . Mean surface wat eéMovemiper awas es if miolma Maamding vy

hi ghest tendpeAhC)t uirne Judl2y of 2022. Each year, Horse
unt il November. Minimum depth to thermocline was
2022, 2023, and 2239 .r apect iguall ytyTaml édor seshoe
July and August OfTabhlkeemainstem Verde River flow r
2,811.86 cms (March 20230)No vWambeerr ,t ermapnegreadt ufrreo ni rao m
November 20227AoCai mi JhRyw2.BDBat(eTrabtleemper atures pe
three sampling years (mean = 29.2A C). Di ssol ved
river. Turbidity ranged from 4 NTU in November 20

tur bi diigthyoutthrtde study2 wads 454t1o0crkietde rf(iTsalb lhead di ed

Horseshoe Reservoir by July initalthetWwaeewistelmismnRa:
Sucker toleranneel (BO9BRBL eyYa&veitmeet al. 2006) . Be
the mainstem Verde River remained in tolerable ra
environment, they were not i ncluded in the surviyv

I n the PCA analysi s, covariates thermocline te

were positively correlated and depth to thermocli

2. 7) . PC1 accounted for 85.5% of the variation in
component (PC) |l oading scores indicate how strong
principal component, withahieghaedrnfdhuseolcuwet.e Tvheaelrureosc |

(PC | dakbilrog:, surface temperature (PC | oading: 0.5
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were the highest | oadi7ng wWa2i anlcd su deerd RGO 7(t5l&aybpl eer a
depth to therm@cldi3Re , ( RGdlI chedirm@pcl|l i ne t amplrr alt ur e
found survival of radiotelemetered Bf i8Bsh69B,250 mm
0. 0B<L,0.001) and survi vhal= WAEO 200 . @.#48a3t)e.d Tthoe H ®2w e(
survival in 2022 and 2023 occurred in July and Au
observed in October and November. Similarly, PC1 =
PI'T tagged fish whiasbeisnof udRé z-Bo HBEB &+ SRcck22ed 0 1() ,

but survival was Posi tHB.BE6eH5yP<r0e@ 220t0eld) ,t owiRG2 s(ur vi v a
with |bempemaatures, increased depth to thermoclini

| owest survival of PIT tagged fish was observed i
Predator Load

I n 2M2&@FD el ect r ooffi sthheed nba,i5n0s@ teront &/ler Bl®. Ri miemut e
applied). They captured mostly nonnative fish (98
Sucker (CPUE = 2.14 fish/hr). FIl athead Catfish we
31.68 fishi/rhrO [s5.088 fliesnhg/t h] ) . Red Shiner (CPUE =

23.41 fish/ hr) weCrod el i&OePdintekse mbahsantcapt ured Bl ue |

Bass, Smadd,moauntch @mannel Catfish during river el ec
Bass X Redeye Bass are known in the Verde River, |
Smal |l mouth Bass in this survey. | h9MHoO smismogo Retrs e

applied. Largemouth Bass (CPUE 113.0 fish/hr [ 7.7
fish/hr) were the most abundant fish species capt
stocking. One ofudker th22% mmzTolb)bawa&ks Sf ound | odgec
Largemouth Bass (455 mm TL) comlfd4y mi hlgefpasak pmemiad
cormorants that | counted in Horseshoe ReBervoir

June of 2024 at t heb2Adoowmmrrandledrn 8.1 218 2Bd tvdéo medt s i
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of 2023did not conduct visual surveys of cor moran

occupied as it was >2 km from the waterds edge.

DI SCUSSI ON

The survival of Razostacki sgciketro 9t me nVeirsd @ oRit
i n eacthhrode tshteocki ng years. The 2024 stocking cohc
previ esutsoctkwong year s. Model s for the radiotel emete
to be 5. 7 %, but model s forafPsdstkebemeteoesi §nishi o
survival among stocking cohorts. The 2022 stockin
had 18 detection periods and whe amolnotohks tnpe d¢atit n g ,h el
recorded no fish from the 2022 cohort after Janua
whil e | recorded 18 fitshonf rRINl tahnet e2nmMOn2ads sitno ckci thogb ecr
2024 (18 month survival). The study ended in Nove
on survival beyond 9 months for the 2024 stocking
2022 was 0 %; while fish from the 2023 cohort and 20

the end of this study. The fish that survived 18

Survival estimates from radiotel emetered and P
di fferences. [ esti mated that Razorback Swucker >
TL. Ot hers have al so f ourntdantth afto rs tRoaczkoi rnbga cl ka rSguec kfeir

et ,2a010.3; Ze)2d0slkog eMag2&h5 )t Bhe Burnham model for ra
Razorback Sucker estimated 2024 of2a&mdal20Z33rsurvailve
whi | ee stphoinsser was not observed in the analysis of F

and interpreting the results in tandem can provid
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Sucker that were exclusively PPTtTagg.geld,dindtt hiho st
that the analyses were truly independent and so |
radiotransmitters on survival, of which | found n
with radiotel2metmmeTL fdmrsdh t he model -cdfaskleTs tcaogud edc
be due to the differences in detection prebabilit
(< 250 mm TtLggged tdreowrpg Tt hat affected its survival
significantly higher detection probability than P

radi otel emetered fish hTavaeg gheidg e rs hd e tEencdteircsn erta tad s.

98% of radi ot el eSwmeltneor etedr uBtrtioawen iTmtoaitval yet detect e
fish in a 200 m stream reach. My study area was s
(D) and included reservoir and river environment

The read range of submer si B PmTfaomenhhasunstest

PI'T telemetry antennas pearoavdgd edf aZdmam iconfynt rdeytelgd tain

reservoir environments. Previous studies of Razor
Sucker in littoral anz2®@G3)< sld Im tdaerege t(dvib ed U elr  aert e ¢
Pld&ntennas to maxi mize detection probability. Neve

model s for radi-bagygedetesbdcamdi Péd with field ob
that the survivadandastPd@at d 9 shf alkactulr at ®diyo r epr esen

survival throughout the study period.

Comparing survival from my study to previous s
is difficult as monitoring after those stockings
sampling surveys. More thaankdd,iOm 0t lRea z\be rPbde kR i Swecrk
and only 17 (i.e. O0.1%hamjveer tbhlieceung hr etchaipst uirse dn o tJ ean
esti mate and the annual survival from those proje

study (BmaxXxPomum 2024) is similar to that of other
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Razorback Sucker survived 608Nt hasndi n
al. (2008) concluded that | ong term s

Colorado River (< 30% annual survival).

mm €L (Lel aBBG®O pat ad .5% r at

of fish < 250 mm TL in my study was n

the minimum size to stock Razorback

di sappeasd; ( Re RW&Kag e eMig2 &lhs5 et Rdzor back of
at a rate o0f,290%)i andaké %Mohavbde( Mape
(Ze2@bk). eMy adhservations suggested predati

dwmemdgomygi ghuflycant . |l captured a Large

mm TL |l odged in its throa2 4)pr dhniedi

ofl emtgachk or | arger bbackebuowlbagheoabetrawotdh e s5
Sout hwes202A4Mr,acperyowitdiang evi dence that reservec

however, many of the black bass captur

ned popularity with recreavdromngpd fi s
that were regularly caught. Dr awdown
trated prey fishes and ailzleowesd ftohrea gbe
eadily availabl e. Bonar et al. (2004
to native fish recovery in the Verde
ervond nonmat iowe nf issyls treent,olaoni zed t he
i sh abundance was also hi,gl02@d37%anper
predate upon Ra¥®%)b.aclk &Slusikcean tt(rMalr isthe
avian predators. Twelve radiotel emet
ngle cormorant rookery in 2023 and 2

s f raonmd tdhuee rteos etrhveoilro wo nr edsreyr vioi r | eve
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cormorants consume ~ 0.45 kg of fish per day; a p

of fish per day. Ot her @i geiav ckp enghleigsbhcedrssy i(echlu di o

and balHdaleiaggd etsuyd wWewmeoalepbatasmmon in the Verde Ri
radiotransmitters in cliffs, on Horseshoe dam, an
(tracks and feces). Separating direct rprme stthieon f

suggest bird predation ,28% .bAavsagnpfedanht ofSwheotft
primary catueekbhgpBatorback Sucker mortality in t
al2.08DpAddi ti obakrygedl many river ,otbtuegr svewiwtelmien utnfad | &
attribute mortali Otéersohpvedbeieonobgeotvedr r eyi n
Sucker in the Verde Rive2rOldiyctrem siimgt hohep a9tz e( Afel
Razorback Sucker woul d ainmdc rreeadsuec et hpeierd ag vi eorna Ibly sawri
howevers,usa asenlifng popul ation is unlikely because |

Verde River sys2@om5) Cl arkson et al

An i mportant aspect of this study was to test
in the river. The stocking |l ocation, reservoir vs
sur vhowes emrvi val in the reservoir environment was
environment. This seemingly contradi esttoorcyk efdi nfdisrhg

t hat migrated down to the rease2®zal)y, dd &ientpa etetkeo u
mai nstem river dispersed downstream rapidly follo
died within the river environment or arrived in H
directly into Horaedhhcde oRks@amgwgikad IRamer bavkr Suck
detected in Horseshoet Relsiemgodand <by 4] hlowrsf poasdh ¢
fish remained in the mainstem river . rhAddirtvioamaltloy,
river . Il n 2008, an AZGFD survey captured, 10 Razor |

20, though the nearest stocking occurred> 50 km
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additional evidence of downstream di spersal i n th
Sucker that dispersed -dawnpereact dhdnsbl dwsi ag &h
increased by 16.99 c¢cms wiht haver es iuxn alcacwrss ,0 neeudg ¢ eos tfil
has been shown to reduce the downstream dispersal
apparent survival,h2i0R1ni;,v earoswe(Verang ndm aestt rallct ure t
Razarkba&Sucker at hatcheries is currently wunavailab
environments could improve overall survival as do

negatively impact,28u0yi Fabha@Zkhas&kmabkttheal survi val

Sucker in Horseshoe Reservoir, regardl ess of stoc
Location of Razorback Sucker in Horseshoe Rese
Razorback Sucker were often detected at the inflo

habitat to the east of Horseshoki Diamy (wastkeirghéay
terrestrial vegetation was abundant, and the infl
|l ow di ssolved oxygen found in the main body of Ho
near wheorrebalcOk RSauzc ker were captul2emp, isugheseiangyt R
habitat was preferred by Razorback Sucker. Simila
i nundated vegetation are thought to contribute to
(Al br ec2h0tl Oe)t. allh.e eastern bay also provided i nunda
l'ittoral habitat that was relatively rare el sewhe
were emceurytered at the inflow of Lime Creek, Deac
|l ocations appeared to provide similar | ittoral en

di fference in water gquality tertehefeazant dren elcdaye,d.w

Environment al conditions within the mainstem V
Razorback Sucker throughout the period that Razor

(Bul kl ey ,B9 3 me @ a Wet6h ,etbudal .wat er gual ity within
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ronment al model for radiotelemetered fish fou
ace water temperature, and the temperature i m
eshoe Reser voiorx yegxepne rsSegeuwc ¢ 6@ &ai gheemo |l i mni on t
Xi c oxygen in the hypolimnion. Di ssolved oxyg
ected in the depth to thermocline as the ther
rmwoiurl ,t i ng in hypoxic (DO < 3mg/L) conditions
r temperatures of,198383A @voBdl wheyB&t BAMENB &
die when water temper,20069s ddheceavhit2B8AtE@mpeam
eshoe Reservoir exceeded opti mal and avoidanc
al temperatures defined in Carveth et al. (20
nolte riehg eactt daf prolonged exposure to survival
itions occurred in the reservoir in all three
tionaldyxygteme sghereme r educeidt ath ef carmoRianzt o robf a csku
concentrated Razorback Sucker in a restricted

water column were found to be increasingly su

orado RiverO@8¢hodluey hetr mal e, Razorback Sucker

dation increased because they and predators we

9). As such, survival in 2022 was near 0% as R

upy between the surface and thermocline during

h

had the greatest surhvinvdlol &9 awdteer aquyalsi,t yanrd

per than tuhdey pyreeawiso u sr etdwocisntg mortality due to

Within the Verde River, fish were detected in

t

ality and rapid dispersal out of the river en

equate habitat for adult eRamzdrelda dk aSu dkher .VeRrdev

closely resembles the seasonal spawning tributary
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habitat regularly wuseddbyc kks@odnB ¥ . Rdizetr baickalSuc&eor

Su

en

Su

nt

cker in the Verde River are |l acking. Multiple R
vironment adj acent t 0,1t9%54 )VierideweRv evre,r d nl 91O 4r gV
cker in the mainstem Verde River reported no hi:
self (Mindkl6e8y .& Tbeadaome, the only evidence of R
single bone recovered fr om,1a9n6 8a)r.c hTehoel ocaguitchaolr ss iotf
ncluded that Razorback Sucker were common in | a
esence of Razorback Sucker in the Verde River i |
ignificannl whaitffiser emntstma ,1t%6d8)y. (BVh snecfkll oewy o&n Atl hye
ten falls below 1.70 cms and the habitat is con
| or &d ver, San Juan River, and Green River, wher
tablishedladHE)n.drTihcek slomck of adequate habitat on

ri bute to river mortalities and the near uni v

Fish passing through Horseshoe Dam were not a

S e

i sh

we

rved six radiotelemetered Razorback Sucker di
were considered mor tsaluidtyi eag eaas. tThheeyi rpdrrmeaendm
ver, these fish passedewitaaetmmkteast ur bengatwaswh
cted Common Carp that were previously tagged
, hgndihaatifi sh can survive dispersal through t
t han one month after stocking. One radiotele

rvoir, >40 km downstremmwlndt Her stelsd ofei Damdi 3 p ¢
tion and died or if the tag was transported t

Razorback Sucker. The flood of 2023 damaged H

i ced gatle waat er had to pass through the dam gate

er movement downstream of the dam as water wa
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dam gates, rather than through the intake structu
centimeters, too narrow for many Razorback Sucker
operations, I recorded nmgficohofrrtomatstee nh0 2 h rmoru gt
My primary | imitation was deféttcshygwi abbchothet
and PI'T telemetry devices. Radi o signals from my
(Freund &O0OHar)t.maBrecause | ttrawkrsd, fsdisdqin&l4/ &t tve rmu a ta
i mpact | ive fish detection because the probabilit

detection range of omentohi snymploiwveg swisbd hhowehwner 9

attenuiahideep water reduced my ability to detect
on the reservoir. This created a time |l ag from th
Razorback Sucker as deoadde.l sAsf osrucahl,|l ryaedairost eplreendeitcrtye

shar ply iinNoSveepntbeemmbercorresponding to when the SRP
Reservoir to increase holding capacity for expect

t hat were previously too deep for detection becam

mortalities that | detected in the fall l'i kely oc
most | imiting. I n 2022avemya rnaodritoatiriatnys nsiitgtnearls adnidd |
detecting the same tag in the same | ocation for m
when the mortality occurred and when | wtalse abl e t
Burnham survival mo d e | in 2022 showed a higher su
model . I al so-amsednasa{ bhnbhgnwhi pength = 43 c¢cm). [

was greater MonoSer wmpedt®asp antennas compared to
antennas but found no difference in fish growth o
predation rates were 5% hi ghOerc ofrchry nrcavdiischtmewhd rpest e r
ant ennas than for fish that were exclusively PIT t

undetettbosed agincreased avian and otter predation
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| held fish for a minimum of 6 wédelss,prsioor tas stulme

| oss was mini mal

I | ost some tracking equipment due to flooding
times reduced the number of antennas monitoring R
to hifdtom@imagone PI T antenna was cut from its buoy
mi ni mum number of PIT antennas operating at one t
coverage for most of the study periobdbilntmy (@S]

year idedepenbut di d amoti nighaclowdhe iattei hey mont h as t

overparametrized and would not converge. However,
by year. Detection probability Ww®hs%hfiglhlesds ithh & 02t
was significamtly. shhTl et ¢€Ei gaoneprobability was |
was 99% full, thus increasing the total area fish
Management | mplications

Despite high mortality, the survival of some R
hope for the speciesd persistence in the Verde Ri:

such as destratificatiomrofi mMporonyeshoue VReadr vaitre,s
to fish living in the reservoir, especially durin
stratification (destratification) includebhl earie
pl umes and mechani ¢2d25)i.xelrns a Cheavaiyeaw eaf adot h met t
broke thermal stratification and increased dissol
of investigations and mechanical mi x e rCsh avaeyrae edqu a
al2z025). The high operating cost of ,2025) neend ocdosu lh

preclude their use on Horseshoe Reservoir.
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Establishing a population of Razorback Sucker
continued stockings and management of predators.
individual s, but, fSaedd enagks. f(r200n2 2P e nsnuogcgke st t hat i nc
may offer greater resilience against predation. S
Sucker of | arger sizes thaaok&,pl| Mazeh5i)nt nkeyd wsetvuedry,
Razorback Sucker growth significantly slows at 30

a substantive increase in hatchery resources.

—

My evidence suggests hat stocking fish at the

Reservoir would imptoaéensungvbobkbdi tebbsssfhowil ab
Razorback Sucker wunfamiliar nnoecfdsoswariyn huhred Ineaitnos tf
al | -srtiovcekred fi sh either died on the river or dispe
this downstream dispersal, I was unable to adequa
Ri ver firawned Razorback Sucker, which warrants ad
reservoir, poor water quality (low dissolved oxyg

Verde River, turbidity isumdghe wedr ésturcitaltveaegewi
cover from predators and abundant resources. Cond
el sewhere in the Color,2dd ORi.vdowBRBaeirn @GANVEBmMmedcht e
pressufrom piscine, avian, and t erursd @ati mii aalg Rawroa &
Sucker population in the Verde River system remai |
establi shed,20®l. arNadamr adt relproducti on has been obs
| ower Col orado River Basin for year s; however, re
overcome predation by nonnative fish,Mmawea,aldrye s
captanmrwal 'y and reared in a hatchery system prior
Il n Lake Mead, where natur al recruitment has been

Fl athead Catfish, all commoed ifnorn henlVer2e2 Rhyves B
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captures, respetoi2vdel.y T(hRenmrmedak ievtelayl 1| ow proporti
nonnative fishes in Lake Mead could also contribu
Nonnative predator suppression is necebsadgnbet h
el sewhere in thegOoWasi K|{ZeB2n3)teg e Itet o watl .nat ur al recrt
continued survival of Razorback Sucker in the Ver
commi t meoki hg appropriately sized fish in suitabl

i mprovement; and predator contr ol
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TABLES
Tab2le Tyreemnot al numhbeort alhng)t,ha nfeeaan, web§hRagg)y back Su
PI'T tagged and i mplanted with radiotransmitters +
mai nstem Verde River at Sheeps Briischge 2%tOa muha rtdotda
(TL) were classified as S and fish O 250 mm TL we
from the USFWS Sout hwestern Native Aquatic Resour
Me xiTob al n represents the total number of fish st
PIT Tag Radio + PIT Tag
Year Stocking Size n MeanLength Mean n Mean Mean Total
Group Class (TL, mm) Weight(g) Length (TL, Weight(g) n
mm)

2022 Reservoir L 285 2922 (21.9) 245.7(52.3) 31 306.8(18.6) 268.8(40.8) 316

2022 Reservoir S 767 1839 (25.6) 74.2 (30.1) 767

2022  River L 296 2872(19.7) 234.9(47.1) 35 3072(20.1) 2721(52.8) 331

2022  River S 740 18.5(26.3) 74.9(31.1) 740

2023 Reservoir L 193 276.5(24.4) 208.9(70.1) 30 318.8(36.3) 343.5(111.2) 223

2023 Reservoir S 867 1850 (31.3) 71.8(33.1) 867

2023  River L 192 2771(24.3) 207.5(62.8) 32 3262(30.3) 3362(105.8) 224

2023  River S 859 1850(31.9) 721 (32.3) 859

2024 Reservoir L 552 327.9(25.5) 2721(34.6) 36 3501 (21.7) 374.9(855) 588

2024 Reservoir S 486 1990 (29.7) 790 (47.2) 486

2024  River L 577 3021(31.2) 266.5(67.2) 34 3411(21.4) 368.8(82.1) 611

2024  River S 451 200.9(28.4) 802 (42.2) 451

Total n = 6,463
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Radi otel emeter ec

selectio#d aft®er Bumamvram Model Year = stocking year
stocking (months), stocking = preselrevtoeicrt i corn rpirvoebra.b
dead recovery probability, F = site fidelity. F w
candi date model s. Npar represents the number of p
i nformaitanoscoretenrrected for small sample size,
model s, and the weight is the model weight.

Model Npar AlCc Delta AICc  Weight

S (~ Year + time) [f~time) r (~1) F (~1) 18 1643.7 0.00 1.00

S (~time) p(~time) r(~1) F (~1) 16 1672.4 28.67 0.00

S (~ Year) p(~time) r(~1) F(~1) 11 1745.0 101.29 0.00

S(~1) p(~time) r(~1) F(~1) 9 1750.7 107.00 0.00

S (~ Stocking) p(~time) r(~1) F(~1) 10 1750.8 107.14 0.00
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Tab23e Scenario 2 model selection. Radi otel emeter ec
selection for the Multistrata model , modeling sur
| ocation and the probabilirnrgnmdnta tfa sthhea ratntsa rt.i oSt
| ake, independent of stocking [ ocation, time = 1ti
river to |l ake or |l ake to river. Parameters S = su
pr oiblaibty. | show only the top 5 of 6 total <candi dé¢
estimated in the model |, Al Cc is the Ai kakeods i nf ol

Delta Al Cc is the chanbe wai h€Cci ambhg model sweaqg

Model Npar AlCc Al C Weight
S(~stratum + time) p(~1) psi (~tostratum + time) 9 510.7 0.00 0.82
S (~time) p(~stratum) psi(~tostratum) 7 513.8 3.08 0.18
S(~stratum + time) p(~1) psi(~1) 6 562.3 51.55 0.00
S(~1) p(~stratum) psi(~tostratum) 4 567.8 57.08 0.00

S(~1) p(~1) psi(~1) 5 568.2  57.49 0.00
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Tab24de Scenario 3 model selection-JoPdéyfbdragygedyviRaalor
model -fbretwbasses (<250 mm TL and O 250 mm TL).

= stocking cohort (2022, 2023 0ba®24) .tyPhi =showr win

of 12 total candidate model s. Npar represents the
the Aikakeds information criteria score corrected
among mndeltsh,e weight i s the model weight.

Model Npar AlCc Al Cc Weight

Phi(~Size) p(Year) 5 6070.7 0.00 1.000

Phi(~Year) p(~Year) 6 6127.6 56.9 0.00

Phi(~Size) p(~1) 3 6203.2 132.5 0.00
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cond024onAi onTdHmop sreshroe

recor de(dNGEI0 ZR)saf faee /

he surface

. 5

nmp.e r Caet putr he

ti os

tt hheer

ithhdde d s d emreesst Dfwddroe sresh@red &Rak s

the start of monthly surveys, with the exception ofefaieraNatedper at ur
guality was not measured in April 2023 as the study site was i nacc
Mo. Air Temp (°C) Surface Temp (°C) Depth to Thermocline (m) Thermocline Temp (°C) Prop. Full
2022 2023 2024 2022 2023 2024 2022 2023 2024 2022 2023 2024 2022 2023 2024
Apr. 32.3 311 30.4 22 20 6.19 9.1 15 135 0.06 099 0.79
May 36.4 35.6 35.9 26 214 24.3 3.7 9.1 7.9 194 11.5 14.5 0.04 0.99 0.84
Jun. 41.4 39.6 43 32 25.6 28 15 7.6 7.6 28.6 22 17.6 0.03 0.94 0.60
Jul. 41.9 45.9 44.6 32.6 30.5 31 0.9 4.6 5.8 29.5 27.5 25 0.03 0.89 0.64
Aug. 39.7 43.1 43 28 30.3 29 0.9 4.6 7.6 27 284 28 0.06 0.86 0.69
Sept. 38.7 39.7 41.4 23 294 27.2 1.2 5.2 6.7 23 27.2 27.5 0.05 0.74 0.72
Oct. 31.1 34.6 36.6 25 234 21.3 1.2 7.3 8.2 22 21.6 18.5 0.08 0.76 0.54
Nov. 224 27 24.6 14 13 14.7 9.1 9.1 9.1 10 10 145 0.08 0.55 0.62




T a b2l6:e

mai nstem Ver deBrRidweer.

Springs, OH,; Mo d el ProPl us)

73

Temperature (AC) and turbidity (NTU) measur e

al'te mpleeaagur e was measured wit

and t urhtbacdh,t yL owaesl ammeda,

Col orado; WModel :21000Q

April May June July August September October November
Year °C NTU °C NTU °C NTU °C NTU °C NTU °C NTU °C NTU °C NTU
2022 152 350 224 306 27.1 27.9 289 550 242 4080 185 1150 117 615 7.5 6.7
2023 140 500 203 45 236 201 307 9.8 285 211 256 180 201 82 121 40
2024 145 516 221 152 242 260 281 413 286 305

24.6 89 184 24 133 56
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Tab27e Scenario 4 PCA |l oadings. Loadings of enviror
analysis of environmental data. Air temperature A
a proportion of full p otod )t, h esrumd calcien & e(mmp)e,r ad rud et bAe
AC were included in the analysis. The proportion
shown in parentheses.

Variable PC1(85.9%) PC2(8.9%)

Air Temperature 0.531 -0.753

Prop. full -0.003 -0.081

Surface Temperature 0.558 0.043

Depth to Thermocline -0.185 -0.439

Thermocline Temperature 0.610 0.482
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Fig2ar e Satellite image (Landsiantc|8udainndg 9t;h eE ShRali)n sotfe r
and Horsesho&h®RegeltbVvowrline represents the shorel
of stocking in 2022 (7% full), the red |ine repre

of stocking in 2023 (99% hel $horahnhidneée har ear ol eHb 1
the time of stocking in 2024 (79% fullydeH®iveont

into Horseshoe Reservoir at the time of stocking
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Fi gaxz e Map of the Verde River system study site in

Ri v

er and an inset map showing the gener al | ocati

show the reservoir and riaed 20RB4ki Ngmbercsatsopsr i

Hor

cles show the | ocation and | D of each radiotel
nal s1., T2o,w e4r, and 5 had two antennas pointing up
ement, and tower 3, 6, and 7 had only one ante
ennas. |lant2dlP®géadg hen®PlmMoved to be within wette:
ervoir as many of the bays were desiccated due
kground f il represents a PI T antenna that was
erest or nraspltaad mReT-edsrncteevrp crear iTey emet ry Tower

seshoes hbamiBeahdcati on of Hor seshoe Dam.
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Figar3de Survi val estimates (with 95X%ycaunthdencexan

stocked in 2022 (red), 2023 (greeaphkednd®@u20ba4am( mb
for radiotelemetered fish > 250 mm TL. The model
F(=1). Time 1 was the erntolt k8 ngn dlatheno tammdg t p onket &p svec
one detecti@anxiperiisod.heTlpe oport racxn so fi ssutro\enley agprpss ta n
mont hs. The 2022 cohort was stocked on March 18,

cohort was stocked on April 4.
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A 445 mm TLMiLargepimgul dbadBmtssr €dd via el ectro

Hor seshoe

captured

nonnat

vV e

<

Reservoir witXyraa®@@lihe)mnt riRxdaamsu dmeoaukt hS u cTke
24 hours after the stocking of Razorba

bhsRapoebatkoBucker
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CHAPTER

EFFI CACY OF USI NG A HELI COPTER TO STOCK NATI VE FI
CANYON
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EFFI CACY OF USI NG A HELI COPTER TO STOCK NATI VE FI
CANYON

Native fishes of the Colorado River basin face
i mperiled (MOBB3 k& ®Bghaedtl 49)l.. Conservation transl ocat
i mperiled native fishes are widely us®k®@94;0 increa
CochBainder mansletvraaku2021et Hdwever, success of the
hindered -dtyod loiwngposur vi val of t rBaen sdleocngtfelddti nadi.v i
Ber-galt ,280al . The causes of poor survival are mult
fish translocations are attributed to a failure t
stressors that |l ed to the amBiet i dalr m@®dslletnal afthewil d
sout hwestern United States, such stressors includ
i mpoundment, water diversion, and habitat degrada
species that pcerdmaetee owWi tnla t& Matkr, & Bi 0s2h;e sC | (aM kel ol ne re t al
Mi nc kkMay,2BpP9 Survival of native Southwestern fish

transl ocations into areas that retain key charact

Environmental degradation and nonnative specie
easily accessi &P e20 05ppecaorp eeflVebadt.d,2@®B. aHabi tat alte
nonnative fish diversity, and nonnative fish abun
density ,QUOHKIi nise3lalr3 )e.t Reelmot e and protected | ocati
that resemble a natural state2@2lpr {twwenmEeEyenamyve
fi sh diswegrastiitvyel y correl ated and nonnative fish di
of wurbanization, driven primarily by an Fncrease
chemistry metrics such,2®dd 3pestWactiede dii @eeelss ohWai tda
water uses are also | ess commoari segmebbénl aspeico

their natur al fl ow r egmnenaen daenrds , h abeisatieste rifdewstit |utrrreas (| B all
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&Moy,1®&93; Shepbadlyy. eStatking fishes into remote a

centers, may i mprove the success ,@02ddnservation

The stocking of imperiled native fishes into r
typically stocked via hatchery trucks. Thi-s inher
di sturbed environment seastadegaathe st oaks ngr é ocaqu
backpaclkinimapaaK | ows stocking into more remote | o
established popuOatoohgnolwmwgloGpdOhadeciben dlyus gi | ae
backpag fish into remote streams that did not hav
(AZGEDO 2A3ZGF D, pemmphaict @ber 2024) . These practi ce
responsi ble for the 2006 downlisting of the Gila
Uu. S. Endangered ,8PR2di)es AAct tfdBBWSTrt is an option
Managers successfully repatri-qdaleldorn , ®rOWOWmdg ntdri asn dpuaar
helicopter, to Fossil Creek, Arizonmaucfiodbhowi ng i
barrier preveatfiinghnoeoal oni zatato,2a0l0.b)t h&pwateif wa
(trout) are-wsthgchedchbwffti xend o r emot e & Baokreosy ibcyk ama n

1958, Ko,l®ildg ; e Ut2adli2. 1D NR

Remote stockings byamimaraftyphoaklhyg,i ovopaeks
Division of Wi ldlife ResourcesOesbrmgnelhushmiyykt be
measurivég22mm in tot al l ength (TL) is approxi mate
bi ologists suggest that survival would be signifi
due to reduced ai,202 k). sAdagreat(dJtmeht DANRs t o st ock
are edieldl. ®a&arther more, heli copters are needed for
of t he most remote in the Sout hwest, and littl e i
I n fact- elviitetwlea pé ¢ manedi esttdoecpkaiisntgs stuhcecess of con:

transl ocations by-harny hemoornwvalrctki) o maelan(snon
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We used a helicopter and a modified fABambi o fi
RazorbacXySawcc&lee)n (itretxea nfruessmot e | ocations e¢reatrhe Ver
period. Our research objectives wer eamlbiudleetrs otpo a
transport | arge numbers of federally endangered R
t heir i mnsetdoicaktiengpo(s4t week) survival. These fish we
i nmote areas. The goal of our research was to ev:
i mperiled native fish in a remote | ocation.

METHODS

Study Area

The Verde River is a major tributary of the Sa
(33A59Nj8. 83nN 111A43Nj16.21nW). The Verde River is
throughout its entire,ll9dmgt h Tihre Airpipzan & O0(OAvkenr iotft t
fl owing, without major i mpoundment, and has maint
km of river is protected as Wild and Scenicce and t
i s daetseidgnas critical habi t,Aa049f & RFORadz)o.r bHaocrks eSsuhcokee rR
is the farthest upstream i mpoundment on the Verde
surface area of 790 ha and a maxi mum depth of 25
Sheep Bridgepvea hed directly into Horseshoe Rese
trailer. The Sheeps Bridge stocking | ocation was
stoclkdanaggti on. At the time of stocking, the Verde R
(Tangle Creek Gage |l ocated 1.3 km downsltr.eda’im of S
cm®. 17, cdn®d 21 nc @0 2 2, 2023, and 2024 respectively.
<10% full at the time of stocking, while in 2023

respect iv0ed4y) .( SRP
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Fi sh

We obtained all Razorback Sucker from the USFW
Recovery Center (SNARRC) in Dext-249 troiN.al ETd)eem gy éha r(
and ~6630®32mm TL Razorback Sucker. We tagged all f
(PI'T Tag,, BdiosmMogkeé d-aAPTand randomly sel edltledmm sub
TL fish t e rhaanvsemia tWdard é(lole@TSEK OMbdel o MBBEV A asduar,gi c al |
i mpl anted into their peritoneal cavi ty. I n-2023 a
transmitters that indichobed pferaofdi sfamzdphaect 1o a
anest Raziozddck SuckeR2@%i sbl buiberaddMBol |l owed t he
(USGS) standarddurepdroat itrhgg pruage c al i mpl antation o
(LiedtkeRWKROWNAR2Pgo Wetuaessmradéeons (each < 5% of body
whip antenna to improve signekdteamsesmhsedobobonggndou
antenna to exit tROIMJdy Weaviagge@dRablafiah. at t he
measured all Razorback Sucker to a total l engt h (
each year. We them wgadt\W Jlni = &dapdy(dQ t ®s ®ist i mat e t
weight of the remaining fish. Foll owing surgery,
cohort for their future stocking and returned the
monitoring. Weea@adV anvafdombimsvefetke prior to their sto

River.
Stocking

We transported Razorback Sucker from the SNARR
hatchery truck and foll owed established ,stocking
per sonal communi gat iUprmnh Rebi wady adD)2,h eweVetrrdaen Rfi esrel

fish to a second hatchery trailer to prevent cont
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invasive species potentially present in Verde Ri v

3,407 L, divided into three equal 1,136 L compart

To temRazothack weugkeardual 'y acclimated them to

mi ni mumi NQubt e period by adding 95 L of Verde River

15 min, wuntil the water temperature in trhte. hwd di n
supplied suppl ement al oxygen to each compartment,
oxygen | evels throughout the tempering process. F
reservaodead otrhdm onto helicopter flights for transftg

We commi ssi one@engi BeHaulti2cldptttyemdil twietxht ear n5a.l0 0l0o a d
We modi f i eadntiu OKLedt L( BE | I ndustries , Mdaddel BBBa20X3h Co
with integrated firesock, typically used in aeri a
| bs at capaocaidt ye,actho ssolldonkge dof i shvéeneath the helic
pil ots conduct edt ca ssceauite sl ooafditnegstanfd irgehltesase sit es
released water from the bucket to ensure it was f
the empty bucket with water from Horseshoe Reseryv

Whil e the heli coptneert theodv efriesdn of vreormh et a8, tveelip elr o a g e d

approximately 360 individual fish per trip, a mixX
(r al2pedtlkmTl), into the bucket . Fbno u2n0d2 &f pi usihe libnad a8 s p o
while in 2023 and 2024 we transported all fish in

once the fish were in thei Bambs hudkéeherasofkigldt
l evel s were not af lceowmcfeirsmh Uphset rheedm ctopttehhe desi gne
31) . We released the Razormb adk vRudker wap prrdxsi maitr € |
habitat by evacuati ngonthreo Blaenb it rbiugdken. WA fatwepri hred Ibe
to the riverbank adjacent to the stocking |l ocatio

any fish remaining in the bucket. Any remaining f
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stocked into the river. Each flight i9 rmimhathes .t emp

Foll owing stocking, the helicopter returned to th

Foll owing the helicoptercohamsd pgr tt,r awle ts toomn@ak e d
flushing the fish from the hat clhrer2y0 22r,aitlheer H ohrrsoeus
Reservoir boat ramp walse viawodp,emea bslteo cdkueed tRoa zloo v awakt

beach adjacent to the boat ramp; in 2023 and 20214
Monitoring

We evaluatedsitmoéddingt supeostvdlllommt k)l Rager béae

Sucker, those indivtdaasmi tmptant Wel dvéet &r manée d t h:

probabilities on -Wwedk asndrmminiarsg isfurfaimes hpemd v idldaetda ifror
survival of those Razorback Sucker only tagged wi
To tratkggadi bi sh, we constructed seven statio

WireMedsl SRX800), which continuously recorded Ra:
study. We constructed these towers with an upstr e;
with -aydeepbatter-watonseettaedptynebMe. chlodnddiutcitoenda Imo b i
surveys, fl-oaacmgt o hfosauedyfitehemeitnmy aekaendrel ¢ L

Wireledsl| ®SRX120@)022, we identified mortalities b

the same | ocation and attempted to Aspookd any se
movements or confirm mortality. I nt 2028y asdgaalksd,
triggered if a fish rermaoiuresd stationary for a per

Data Analysi s

To eval uastteo ctkh en gp ossutr vi v al of Razorback Sucker
Ri ver and those stocked via traditional means i nt

i ndependent stocking evewmabugabeazfi gp28uwasmkial 02t
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postocking period. First, we used mobile telemetr
individuals were alive or dead. I f a fish was not
records from fixed tthe maveregk 4poewerosd .atl ft hae fe nsch owfa
either method, wenneéedvidewedtt e frelclorl . I f a fish
weeks but was | ater fownhocé&liinge, (&wegiviifvaerdr gtah eivb a k
i ni twieaelk 4period. We then calcul ated thestpc&pomgti on
from each stocking group. We calcul ated -this prop:
t el emet erveae ks spho sftod bset otcoktianlg nbuymber st ocked for ea
calculated two proportions, one aswamkagpbbsstshsthba
and one assuming undwetekstsegobisht wekmaxdemmicthfieupr o
mi ni mumvi val for each stocking cohort. The propor
for those fish stocked by helicopter and those st
bl ocked (paired) desigmatwisthcaadtly yeoempaase & hkl sa
met hods among years, we computed the difference i
Wil coxomaskgnhedt to assess the mean diffegence in

met hodol ogi es. We performeB(RICorsgd afTdéasmizx®ad4)anal y

RESULTS

Over theathseady period, we stek&amdt ar ¢d} aRanb
Sucker into the Verde River via helitcelpamat rted)al
Razorback Sucker into Hohatsclheory Retseac kiong tvi ai It era
1010. 91 Bbk,; Thelstocking in 2022 and 2024 occurrEe
however, the stocking in 2023 was del ayed unti/l M
ear | ikerngst oM t hi-we & khses tf@crks tn gf, o Or6t. D% mdt d rheed rfaidd o s
into the Verde River vialkeameteoptdefi ahds®9dc8®Wdoi n

via traditional meandi ver sudettegise mdtt ay i @amiadys , or
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Thmeamaxi mumtwaxkti ng survi val of Razorback Suck:¢
79. 7% medmtxhenum survival of Razorback Sucker stoc
Horseshoe Reseraoroswaal BS8(t MP®AgE.hset ogcrke antge syte asrusr vi v
heli copter stocked fish was observed in 2022 and
cohort stocked via traditional methods halei ts hi
mi ni me@@mo-st ockiag, sassiumi ng undetected fish were ¢
via helicopter and tradi,tespatimEBBge wasnT&I 00r am

were the same as observerdep carbioeRdesiurhum rhe am 4 threv ipwa

Wil coxon Signed Rank test indicated=tMh.ad0) hiem et lwa
mi ni mum or maxi mum survi val rates of Razor back Su
and those stocked via traditional means into Hors

DI SCUSSI ON

I n our study, helicopter stocking was effectiyv
remote | ocation inaccessible to traditional hatch
additional stress to tsheckisanlg memmaoaded Ptod eantti madiy
species, this technique especially holds promise
translocation to areas with reduced anthropogenic

native fish popul ations.

Of the mortal iet ideest ewemionbesde ravheadt,h enedevacteiko €1 y h & e w

monitoric@uwadntbewbut ed to the stocking process it
mortalities occurred in the vicinity of the helic
Sucker mo r d etl efdatiredd owenrsd r e a m, including two in Hor

helicopter release sitegtockend Ifairdty,we me 2f0@8Bnd nae e
site,2021d, ionnly one mortality was found dead at tr

the fish dispersed ffraoaont drhe wrnroelkd tngd | toa atth e ns tacmallk



90

predation or habitat qual iutryt,heprineoyrecd st gclkadetrr adi
al so fourmd dhecsaeanddar rate tortehanderctingkdad eby dreal
ecol ogi cal pressures influenc®d ebservald mbeel blwae
of helicopter stocked fish in 2023, when the stoc

were higher than observed during the otfher stocki

Razorback Sucker stocked by traditional means int
< 10 % fulll resul tHrnegv iionu sl esstso cokvienrgasl 1o fh aRvai ztoartb.a ¢ k
using conventional met hoaeselheaavsee bseuernvihvian d e rSedn chey 2

stocked more than 13, 000 Ra zmeramacTkh , SR&K amonpil iyt d 7t h
individuals from those stoCKZGEDevempusblhiawere decdat
sur vi vavlie rbaeteens ahtat ri buted to predators (nonnative
Lontra c€hadkasgietAvalr0klt) alpoor water gquality, (
Lernaei(d@ree esfp D12 ;da iHekIs99ON3 Robi n§ 8B Bebrabtresses r el
stockings (2F02aln)s.s eAr iezto naa .@Gd rmdoifomsa Fii ehhs ss pekises w
success annealédygd (wgGCeEDenef obel i eve that i mproper

stocki nmgarsefs pfoing hhdeM eep d otr soufr vRavzaodr back Sucker.

Due to poor detection proWwabkl tt mestradieiPrpd sa md
the susoépsmhl |l i {250 ,W03L; ZapRdOEIKWD eRtazalt.back Suc
predation by nonnative fishes which would confoun
able to evaluate thehatur wewal.<RPar5e0vriboaucsk LsS uucdkieers h a
di fference in theaduwlrtv,y vahnd oddylutvefmiidre,dwsabt o the
oo her species, pwst bcrkeithujrenr ernacteess iant t ri buted to pre
procedwWrédafr |]2s0t0e3i; n&Ma 8o @0 9 ; GraWesh@audEe)y . We therefor
assumed that the survival of small fish directly

of the | arge 2R#8B4bD1 bawkdtSuw&ree t rtaeclkeende twiyt hmertahdoi dos .
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Despite the s tcacseesds safo chtkealnigc o potpeprort uni ti es rer
protocol s. To avoid contaminati on, we were unabl e
Razorback Sucker to then¥erdes iaRliaM erd otaoa It etnmpaenrs ffeirs |
Sucker from one trailer to andotmet i mefi iamthdrtecs st e mp e
whiaodul d have -sitnopcakcitnegd spuorsvti val . Adsdiisteidon al Ihy, dt h e
buc&pén were abrasive and mi ghtwhlreawv & hpos evera rtirsakn
into the BaMmbpr aatcikea l solution would be to retrof
mi ni mize the potenti al for har m; however, we f ail
within the bucket rigging upan (Tdliesaswasatr etmreda i s
technicians stationed on a beach to inspect the b
tmeinto the river; but potentially injured or str

to the stocking protocol s and; thhoewebwecrk,e twewoautltdr ihbeu

mortalities to .the stocking procedure

Chall enges associated with wusiinngcllhiedhé tcogpt er s t
scheduling flexibility, high operational costs, a
schedul ed months in advance of the stocking witho

I n FebMauracrhy of 2& 2Ri,vermhee¥pedi enced histdrb548fb5o0o0d
cmbacefl.obvd)~cmss such, stocking was del ayed becaus
to the stocking of fish. Due toul dminoto&kd Ragloirbagtke
Sucker until early May. | n3AA®@zo#sa,rliaitge atnedmpseurmenteu |
which can complicate the tempering of fish and ca
conditions did not threaten our study objectives;
consequences smdet Cmemt racting a helicopter to slin
cost prohibitive. A cooperative relationship bet w

and the USGS Arizona CooperativerFogpkhkrandnyyi lcdlsi
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ecific project ($1,750 per day); however, <cost

om $H51OO0MO0® Hour 2 of flying ti me. A cost/ benefi't

anticipated costs. Addnsi ewmabtywhehngsitbickang §a:
at differ from those wusing a traditional- stocki
one sector in commernz0al) aandtt lmer f &Ntaadvse sicsaidl Zn

mes higher than the fatal a2di2dent Arcati @ enft sp ause
ather conditions or collision with obstructions
preea er mi ned flight pUaBnaerdapeoapgr avi athongtaiog
to -laoadedigbucket whil e aah ephosseo pstiegrn ihfoivcearnst orviesrk
d technicians on the ground. DetbBbhetdepmotwecel s

ior to our stockings to mitigate any risk to th

Stocking of imperiled native fishes (or others
' icopter significantly increases the spatial sc
aditionally, f i shi tshh occdkn vnegnsi d ntmi & cecde st so, asrwecahs ans
e range of suitable habitats where fish could b
|l ease, bi ologists can bypass many lkogi seircal [

eviously unreachable by conventional means. Thi

ish and i mproves the ability to target opti mal h

tablishment sudaongsg.epTlrse,ntserai avlalutabbdke t ool fo

ockings, especially in rugfadedr acemestei i Véemigts
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TABLES
Table 3.1: The total numb e rXyarnadu cvwheeing hate ixaafln ufsioph eRa
(River) and traditional (stocking truck; Reservoi
(River) stocked fish were stocked into the mainst
stocked (stocki ng werruec ks)t oReakzeodr baatc,k oS u cnkeearr , t he bo
Reservoir (Figure 3.1).

River (Helicopter) Reservoir (Stocking Truck)

Stocking Year Number of Fish Weight (lbs) Number of Fish Weight (Ibs)

2022 1,084 299.51 1,094 324.97

2023 1,103 246.03 1,100 240.52

2024 1,064 453.62 1,074 445.42

Total 3,251 999.16 3,268 1,010.91
Table 3.2: The maxi mum Xsyurravui cvhaels t abfe kRaathzudsrnkt eoc k hSu cvie
system via helicopter or traditional stocking tru

wi ndow wer e assumedweaelkisvep owsifb heifno tt-kheeh gf endrisetr edd f i s h

stocked vi a7 % bf ctoepltleenne taenrded f i sh st ocrkartdtwicd etdr ad

by either wmobstatsonaeystel emetry towers.

River (Helicopter) Reservoir (Stocking Truck)

Stocking Year Stocked Survived Proportion Stocked Survived Proportion
2022 35 31 0.88 31 26 0.84
2023 32 24 0.75 30 28 0.93
2024 34 26 0.76 36 32 0.89




94

Table 3.3: The mini mumXyurawicvhaelst @fe kRaasmib @ac k hSu &/k
system via helicopter or traditional stocking tru
wi ndow wer e assume dwedeekasd pwistth isnt otthkee hfgiardsite rde d f i s h
stocked vi a7 %2 bf ctoeplteenve taenrded f i sh st ocrkadietwicd etdr ad

by either mobsteatsonaeystel emetry towers.

River (Helicopter) Reservoir (Stocking Truck)
Stocking Year Stocked Survived Proportion Stocked Survived Proportion
35 30 0.86 31 25 0.81
32 21 0.66 30 23 0.77

34 26 0.76 36 31 0.86
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Figure 3. 1: Map of the Verde River system with th
mai nstem river stocking location (helicopter stoc
| ocation of the Hor saetsihoone (Rersaedrivtoiiorn aslt osctkoicnkgi nlgo ct r
indicate the | ocation of stationary telemetry tow

Xyraucheal tewiamgsf or an evaluation of survival
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Figure 3. 2: |l mage of the Bell 212 helicopter, sli
Xyrauchenotetxxaaoksfi sh into the mainstem Verde Ri Ve
hatchery vehicles. Roughly 380 Razorback Sucker w
Ri ver stocking | ocation per lodd288ad) abt #i 6B0RR)

did not provide suppl ement al oxygen to-9f mhudesi n
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1 | INTRODUCTION

Abstract

We compared abundance patterns and developed resource selection models for
imperilled native southwestern (USA) fishes in the presence and absence of Black
Bass (Micropterus spp.) to evaluate how fishes alter their selection for habitats when
sympatric with a nonnative piscivore. We collected data using snorkel surveys and
in-stream habitat sampling in Fossil Creek (AZ), upstream (native fish only) and
downstream (native and nonnative fish) of a fish barrier. The abundance of all Roundtail
Chub (Gila robusta), small (<127 mm total length [TL]; vulnerable to predation) Sonora
Sucker (Catostomus insignis) and Speckled Dace (Rhinichthys osculus) was significantly
reduced, but the abundance of both small and large (>127mm TL; invulnerable to
predation) Desert Sucker (Catostomus clarkii) was similar in sampling reaches with and
without Black Bass. When sympatric with Black Bass, small Roundtail Chub increased
their selection for riffles by 2.57 times and small Desert Sucker reduce their selection
forpools by 6.90 times while also selecting for faster flow velocity and finer substrates
in lotic mesohabitats. Large native fishes altered selection least, notwithstanding an
increased selection for canopy cover in sampling reaches with Black Bass. Observed
shifts in resource selection are consistent with predator avoidance strategies. Our
study highlights the behavioural consequences of nonnative piscivores on native
fish communities and stresses the importance of maintaining lotic mesohabitats as
potential refugia for vulnerable native fishes when nonnative piscivores are present.

KEYWORDS
desert Southwest, habitat selection, native fish, nonnative species, Roundtail Chub, stream
ecology

of forest environments (Comte et al., 2013; Dudgeon et al., 2006;
Tickner et al., 2020). Endemic freshwater fishes are particularly vul-

Freshwater ecosystems and the species they support are globally
imperilled due to resource overexploitation, water pollution, flow
regime modification, climate change, the widespread loss of habi-
tat and the proliferation of nonnative species (Dudgeon et al., 2006;
Tickner et al., 2020; Xenopoulos et al., 2005). Freshwater vertebrate
populations have declined at more than twice the rate of terres-
trial populations and wetlands are being lost at three times the rate

© 2023 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd.

nerable and 28% of species investigated by the I[UCN are at signifi-
cant risk of extinction (IUCN, 2019; Tickner et al., 2020).
Fundamental to the conservation of freshwater fishes is the
identification of the physical features of the stream (e.g. depths,
substrate, flow, cover and food) that collectively constitute habitat
for a target species, and then to maintain that habitat in sufficient
quantity to sustain viable populations (Rosenfeld & Hatfield, 2006;

Ecol Freshw Fish. 2024;33:e12742.
https://doi.org/10.1111/eff.12742
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Turner & List, 2007). Assuming that higher quality habitats support
a greater density of individuals (Mayor et al., 2009), increasing the
spatiotemporal quantity of such habitats can increase the abun-
dance and distribution of a target species (Fretwell & Lucas, 1970;
Rosenfeld & Hatfield, 2006). A loss of habitat or reductions in habi-
tat quality may force individuals to occupy suboptimal environments
or disperse in search of new environments (McMahon & Tash, 1988;
Rosenfeld, 2003), both of which would have negative fitness con-
sequences (Davis & Wagner, 2016; Mannan & Steidl, 2013). The
availability of suitable habitats is the major driver of species dis-
tribution, abundance and diversity across spatial scales (Bunn &
Arthington, 2002) including the spatial distribution of individuals
within a stream (Teresa & Casatti, 2013). Under ideal free distribu-
tion, individuals arrange themselves in the spatial environment to
maximize their fitness by selecting specific environmental features
that provide adequate resources for survival, growth and reproduc-
tion, while minimizing external sources of mortality (e.g. predation;
Fretwell & Lucas, 1970; Rosenfeld & Hatfield, 2006).

Modified flow regimes and other types of aquatic habitat deg-
radation have decreased the quantity and quality of habitat avail-
able to native fishes and facilitated the spread and establishment
of nonnative fishes (Bunn & Arthington, 2002). Direct impacts of
nonnative fishes include predation (Brown & Moyle, 1991), compe-
tition (Rinne, 1991), hybridization and disease and parasite trans-
mission (Gozlan et al., 2010; Tyus & Saunders, 2000). Nonnative
species can also indirectly affect native fishes. Native fishes avoid
nonnative species to minimize predation risk and competition,
potentially excluding individuals from previously selected re-
sources (Bowers & Dooley, 1993; Brown & Moyle, 1991; Douglas
et al., 1994; Mayor et al., 2009). Many studies have documented
shifts in native fishes' habitat selection resulting from the presence
of nonnative species across freshwater fish taxa (Bohn et al., 2008;
Brown & Moyle, 1991; Rinne, 1991). This illustrates the importance
of understanding the habitat associations and requirements of
native fishes and how those associations shift in the presence of
nonnative fishes.

The native freshwater fish assemblage of the southwest-
ern United States and northern Mexico (hereafter referred to
as the Southwest) is one of the most imperilled faunal groups in
North America (Minckley & Deacon, 1968; Rahel, 2000; Schade &
Bonar, 2005). More than two thirds of the fishes endemic to the
Southwest are listed as endangered, threatened or a species of con-
cern by state or federal agencies, one species has gone extinct and
multiple others have been locally extirpated (Minckley et al., 2002;
Olden & Poff, 2005; Rinne, 1994; Turner & List, 2007). The decline
of the native Southwest fishes is primarily attributed to widespread
habitat loss and expansion of nonnative fishes. Previous research
has found that native Southwest fishes face intense predation (Pilger
et al., 2008), competition for resources (Rinne, 1994) and are dis-
placed from their trophic niche towards lower trophic positions by
nonnative fishes (Marks et al., 2010; Rogosch & Olden, 2020). The
conservation and recovery of native Southwest fishes depend on
a comprehensive knowledge of their habitat requirements and the

ecological mechanisms that influence habitat selection (Rosenfeld &
Hatfield, 2006). Such efforts also require an understanding of how
native species alter their selection for habitat in the presence of non-
native species, which are nearly ubiquitous within the Southwest
(Clarkson et al., 2005; Schade & Bonar, 2005).

In this study, we evaluated abundance patterns and modelled
habitat selection via resource selection functions (RSFs) for native
fishes of Fossil Creek, AZ in the presence and absence of nonna-
tive Black Bass (Micropterus spp.) We used data collected upstream
and downstream of a fish barrier which divided our study area into
two sections, one exclusively occupied by native fish (upstream) and
one in which Black Bass were present (downstream). We hypothe-
sised that the abundance of fish occupying the ecological niche most
similar to Black Bass would show significant differences in both
abundance and habitat selection upstream and downstream of the
barrier. Additionally, we hypothesised that species with less niche
overlap with the nonnative Black Bass would be less impacted by its
presence and would, therefore, have less need to alter their selec-
tion for habitat.

2 | METHODS
2.1 | Studysite

Fossil Creek is a 23-km long spring-fed perennial river in central
Arizona originating on the Mogollon Rim of the Colorado Plateau
with a terminus at the Verde River (USFS, 2011; Figure 1). The origin
of the perennial reach of Fossil Creek, Fossil Springs, discharges
76m®/min, providing a steady year-round baseflow of 1.2-1.6m%/s
and a relatively constant temperature of approximately 21.1°C.

From 1909 to 2005, Fossil Creek's flow was diverted to pro-
vide hydroelectricity. In 2005, the flow was restored to Fossil
Creek and the river was federally designated as Wild and Scenic
in 2009 (USFS, 2011). As part of that restoration, a collaboration
of management agencies removed nonnative fishes from the river,
constructed a fish barrier 7km upstream from the mouth of Fossil
Creek, and repatriated native fishes. Two major washes (Sally May
and Boulder Canyon; Figure 1) contribute loose alluvium into Fossil
Creek and as a result, there is a transition from large deep pools
upstream to shallower pools of finer substrates downstream of
these inputs. As such, there are some differences to the physical
features of the river upstream and downstream of these washes
(Marks et al., 2006, 2010).

Today, the upper 16.5km of Fossil Creek retains an exclu-
sively native fish community that consists of Roundtail Chub
(Gila robusta), Desert Sucker (Catostomus clarkia), Sonora Sucker
(Catostomus insignis), Longfin Dace (Agosia chrysogaster), Speckled
Dace (Rhinichthys osculus) and Spikedace (Meda fulgida). Since
restoration, nonnative fishes have recolonized Fossil Creek
from the Verde River, but are not present above the fish barrier.
The only nonnative fish observed in our study were Black Bass
(likely Smallmouth Bass [Micropterus dolomieu] and Redeye Bass
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FIGURE 1 Map of Fossil Creek, Arizona, and the location of the fish barrier and 15 sampling reaches (~100m) snorkelled during summer
of 2019 and 2020. Six reaches were located downstream of the fish barrier (nonnative fishes are present) and nine snorkelling reaches were
located upstream (native fishes only) of the fish barrier. Two reaches were removed due to poor visibility at the time of snorkelling. Fossil
Creek is a tributary of the Verde River, AZ. Two major washes, Sally May and Boulder Canyon, are also pictured.

[Micropterus coosae] hybrids [Valente et al., 2021]); however, ad-
ditional species (e.g. Green Sunfish [Lepomis cyanellus], Red Shiner
[Cyprinella lutrensis] and catfishes [Ictaluridae spp.]) are likely pres-
ent downstream of the barrier.

We conducted snorkel surveys in 17 sampling reaches (mean
length=102.53m; range=90-130m) in the summer (June-August)
of 2019 and 2020 while Fossil Creek was at baseflow. Nine sampling
reaches were upstream of the fish barrier where no nonnative fishes
were present and eight were downstream of the fish barrier where
native and nonnative fish were present. Four of the ‘upstream’ sam-
pling reaches, and all ‘downstream’ sampling reaches were down-
stream of the aforementioned Sally May Wash and Boulder Canyon
(Figure 1). Because sections of Fossil Creek are extremely remote
and difficult to access, we restricted sampling site selection to ac-
cessible areas. Within accessible areas, we randomly selected the
start of each sampling reach. To avoid beginning a survey in the
middle of a mesohabitat unit, which could induce a fright bias, we
walked downstream to the start of the nearest mesohabitat unit

(pool, riffle and run) upon arrival at the random point. Each sam-
pling reach extended ~100 m upstream from the established starting
point. If we snorkelled 100m and were in the middle of a mesohab-
itat unit, we either shortened or extended the reach to the end of
the nearest mesohabitat unit. We removed two sampling reaches
located downstream of the fish barrier due to high turbidity at the
time of snorkelling.

2.2 | Habitat use

The water within Fossil Creek was exceptionally clear and daytime
snorkel surveys were effective for estimating fish abundance and
habitat use in this river (Marks et al., 2010). Two observers sam-
pled each reach concurrently, beginning 5m below the starting
point of the survey, and proceeded upstream to the upstream ter-
minus of the survey. We snorkelled in tandem to split the stream
into two equal halves and maintained communication to ensure
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full observational coverage as per methods described in Strakosh
et al. (2003).

We placed a coloured and numbered washer on the substrate
directly below the location of an observed fish. We then recorded
washer number and colour, species common name and an estimated
fish total length (TL) on a SCUBA slate (Strakosh et al., 2003). We es-
timated fish size in imperial measurements and converted these mea-
surements to metric, as technicians were more comfortable making
estimations on this scale. We limited our analyses to fish with a TL
267mm (3 in) because smaller individuals, especially cyprinids, are
difficult toidentify while snorkelling (Li, 1988). We included Speckled
Dace in our analysis despite this species falling below the established
size threshold as their distinctive coloration and pattern aided their
identification. If a group of individuals (21) was located withina 1m?
area with homogenous environmental conditions, we recorded the
total number of individuals observed and an estimated size for each
individual but placed only one washer in the group's central location.

We measured total depth (m), flow velocity (m®/s), substrate
composition (modified Wentworth scale), canopy cover (propor-
tion) and recorded the GPS coordinates at each washer location
immediately after snorkelling. We measured water depth using a
U.S. Geological Survey top-setting wading rod and flow velocity
at approximately 60% of total depth using a Marsh-McBirney elec-
tromagnetic flow meter (Hach Company). We visually assessed the
dominant substrate type within 1 m? of the washer using a modified
Wentworth substrate classification (0=silt <0.062mm; 1=sand
0.62-2mm; 2=gravel 2-4mm; 3=pebble 4-64mm; 4=cobble
64-256mm; 5=boulder>256mm) and measured canopy cover
with a spherical densiometer following methods in Lemmon (1956),
in which four canopy measurements are taken (upstream, down-
stream, left bank and right bank) and the mean canopy cover value
recorded. Finally, we assigned each washer to a mesohabitat type
(pool, riffle or run).

2.3 | Available habitat

We measured the same five habitat measurements along transects
set perpendicular to the stream thalweg within each sampling reach
to characterize habitat availability. We placed the first transect one
mean-stream-width upstream from the start of the sampling reach,
with additional transects placed every 10 m upstream until the end
of the sampling reach. We then acquired measurements at five equi-
distance points along each transect. If the width of the transect was
>10m, we took the first measurement 1 m off the streambank and if
the width of the transect was <10m, we took the first measurement
at 0.5m from the stream bank. We alternated each transect's starting
point between stream banks. To measure substrate, we placed a 1m
chain with demarcations every 10 cm on the streambed, perpendicular
to the transect. We categorized the dominant substrate type (modified
Wentworth Scale) by estimating substrate class at each 10cm demar-
cation and calculating the mode of the 10 substrate classes.

24 | Dataanalysis

We classified all fish <127 mm (5 inches) TL as small fish and all fish
>127mm TL as large fish. This classification was based on Gaeta
et al. (2018), which found that cyprinids >127 mm TL exceed the
maximum prey size of most Black Bass 2300mm TL, which was
the upper range of Black Bass TL observed within Fossil Creek.
We assumed large fish to be invulnerable to predation by Black
Bass.

2.5 | Fish abundance

We calculated relative abundance as the number of fish per 100m
of sampled stream (n=15). We calculated relative abundance for
both small and large fish individually. We used a Wilcoxon signed-
rank test to test differences in the relative abundance of each na-
tive species in the presence and absence of nonnative Black Bass.
Our null hypothesis was that there was no difference in the mean
abundance of species or size-classes between sampling reaches
with and without nonnative fishes present. Additionally, we mod-
elled fish abundance relative to mesohabitat (pool, riffle and run)
for small and large fish, both in the presence and absence of Black
Bass. We standardized observations to a single mesohabitat unit
and calculated the number of fish present per mesohabitat unit
in pools, riffles and runs separately. We then compared the mean
abundance of each species/size class among mesohabitats using
a nonparametric Kruskal-Wallis test. Our null hypothesis was
that there is no difference in the mean abundance of fish among
mesohabitats: pool, riffle and run. We conducted all analyses in
Program R (v. 4.2.2; R Core Team, 2021) and used a=0.05.

2.6 | Habitat selection (resource selection
functions)

We modelled habitat selection using resource selection functions
(RSFs) which are proportional to the probability of selection and
quantify the relative selection strength for habitat features (e.g.
sampling points or raster pixels; Avgar et al., 2017; Lele et al., 2013;
Manly et al., 2002). We estimated RSF's using a used versus avail-
able study design, where habitat covariates are measured at units
used by the study species and also at random units represent-
ing the range of habitat conditions available to the study species
(Johnson et al., 2006; Manly et al., 2002). In our study, used units
represented sampling units where fish were observed, and avail-
able units represented measurements from our transects. We used
the exponential form of the RSF (generalized linear mixed model
(GLMM); for example, logistic regression; Johnson et al., 2006;
Manly et al., 2002; Warton & Shepherd, 2010). Under this form, the
coefficients from the binomial GLM (p) are selection coefficients
describing the relative strength of selection for habitat covariate
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X (Avgar et al., 2017; Fieberg et al., 2021) and W(x) describes the
relative probability or intensity of use of a particular location within
the stream:

W) =exp (X1 + 5% + ... +8,X,) 1)

Prior to analysis, we z-score standardized continuous covariates
to facilitate comparing the selection strength of each covariate. We
weighted used points based on the count of individuals present at
each sampling unit (e.g. washer location). We also assigned large
weights (5000) to each available point because previous studies have
demonstrated the equivalence between a binomial GLM with highly
weighted available points and an inhomogeneous Poisson point pro-
cess model which facilitates the interpretation of RSF coefficients as
relative selection strength and provides better estimates of relative
intensity of use (Fieberg et al., 2021; Fithian & Hastie, 2013; Warton
& Shepherd, 2010). We used a mixed-modelling framework and
specified random intercepts by sampling reach (n=15) to account
for differences among sampling reaches and pseudo-replication
(Gillies et al., 2006). We fit our RSFs using a GLMM with a binomial
error distribution and logit link using the glmmTMB package (Brooks
etal., 2017)in R.

We used a hierarchical approach to modelling habitat selec-
tion. We first modelled mesohabitat selection, and then modelled
selection of microhabitat resources within each mesohabitat. We
modelled mesohabitat selection with a RSF model which included
the categorical covariate (i.e. X) mesohabitat (pool, riffle, run with
‘run’ acting as the reference level in all models) and the random in-
tercept for sampling reach. We then subset our used and available
data by mesohabitat and modelled microhabitat (depth, flow veloc-
ity, substrate composition and canopy cover) selection within pools,
riffles and runs separately. For each of these two analyses, we fit
two models, one using data above the barrier (Black Bass absent)
and one using data below the barrier (Black Bass present). We iden-
tified significant differences to resource selection between sampling
reaches with and without Black Bass with non-overlapping 95% con-
fidence intervals for a given coefficient. We were unable to evaluate
changes in habitat selection for Sonora Sucker and Speckled Dace
due to insufficient sample sizes.

We evaluated RSF models for mesohabitat selection using k-
fold cross-validation following Johnson et al. (2006), where we
divided our data into k-folds with each sampling reach serving as
a fold. We then refit our RSF using k-1 randomly selected folds
(training data) and predicted relative intensity of use for both
used and available points in the withheld fold (testing data) using
Equation (1) and calculated the observed proportion of used ob-
servations within each suitability bin and the expected propor-
tion of available observations within each bin. A well-calibrated
RSF will show a 1:1 relationship between the observed and ex-
pected proportions. We repeated this process k times and used
Lin's (1989) concordance correlation coefficient (CCC) to quantify
the deviation of observed and expected proportions from a line
with intercept =0 and slope = 1. We considered models with a CCC
value <0.50 to be a poor fit.

Ec y of
SN e WILEY
3 | RESULTS

3.1 | Fishabundance

We observed and recorded the location of 1999 fish of five species:
1793 native fishes (63.4% small fish/36.5% large fish) and 206 non-
native Black Bass (75.2% small fish/24.8% large fish). We observed
no nonnative fishes upstream of the fish barrier and Black Bass was
the only nonnative fish observed downstream of the fish barrier.
Black Bass accounted for 32.2% of total fish abundance downstream
of the fish barrier (Table 1).

3.2 | Roundtail Chub Gila robusta

Small Roundtail Chub were significantly more abundant in sam-
pling reaches without Black Bass (p<.01; Figure 2). In sampling
reaches without Black Bass, small Roundtail Chub abundance
was not different among mesohabitat units, and marginal evi-
dence (p=.09) suggests that small Roundtail Chub abundance was
greater in riffles with Black Bass present (Table 2). Small Roundtail
Chub selected for pools and riffles more than runs and significantly
increased their selection for riffles by 2.57 times when Black Bass
were present (Figure 3). Selection for microhabitat remained
similar in locations with and without Black Bass, although small
Roundtail Chub increased their selection for canopy cover in runs
with Black Bass (Figure 4). We were unable model small Roundtail
Chub microhabitat selection in pools due to low abundance when
Black Bass were present.

Large Roundtail Chub were significantly less abundant in sam-
pling reaches with Black Bass (p <.01; Figure 2). The abundance
of large Roundtail Chub was not different among mesohabitats,

TABLE 1 Number of fish (standard deviation in parentheses)
observed per 100m snorkelling reach (n=15) in Fossil Creek,
Arizona where a fish barrier divides the river into two sections, one
with only native fishes, and one where nonnative Black Bass are
present.

Native fish Black Bass Wilcoxon
Species/size only present p-value
Roundtail Chub (S) 60.68 (30.20)  13.83(15.43) .01
Roundtail Chub (L) 31.33 (19.76) 4.33(2.25) <.01
Desert Sucker (S) 20.89(29.03)  33.50(47.23) 1.00
Desert Sucker (L) 11.58 (9.30) 14.17 (16.44) .95
Sonora Sucker (S) 2.89 (3.86) 0.17 (0.10) .02
Sonora Sucker (L) 7.67 (10.58) 5.16 (7.60) .51
Speckled Dace (S) 10.44 (12.46) 0.33 (0.52) .01
Black Bass (S) Not present 20.67 (20.18) -
Black Bass (L) Not present 8.33 (5.01) -

Note: Fish <127 mm TL were classified as small (S, vulnerable to
predation) and fish >127 mm TL were classified as large (L, invulnerable
to predation). Significant p-values (a=.05) are bolded.
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FIGURE 2 Relative abundance of small <127 mm TL (panel a) and large >127 mm TL (panel b) fish per 100 m sampling reach. Grey boxes
show abundance in sampling reaches with Black Bass present and white boxes show abundance in sampling reaches with native fishes only.
Significance of the Wilcoxon signed-rank test is symbolized as follows: p<.01***| 0.01<p <.05**| 0.05<p <.10*

TABLE 2 Relative abundance (standard deviation in parentheses) of fish per mesohabitat type: Pool, riffle or run in sampling reaches with

exclusively native fishes and in sampling reaches with nonnative Black Bass present.

Native fish only

Nonnative black bass present

Species Sz Pool Riffle Run p-Value Pool Riffle Run p-Value
Desert Sucker S 0.39 (0.87) 0.39 (0.54) 0.52(0.59) 48 0.02 (0.04) 0.57(0.73) 0.77(1.22) .06

E 0.13(0.27) 0.33(0.32) 0.23(0.30) 32 0.12(0.20) 0.42 (0.51) 0.15(0.32) .26
Roundtail Chub S 2.14 (2.64) 1.38(1.20) 0.94 (0.37) .95 0.04 (0.10) 0.45 (0.52) 0.09 (0.10) .09

L 0.55(0.89) 0.71(0.45) 0.68 (0.41) .38 0.12(0.21) 0.14(0.17) 0.04 (0.06) 40
Sonora Sucker S 0.05(0.11) 0.02 (0.04) 0.08 (0.08) 14 Not present

L 0.11 (0.13) 0.09 (0.13) 0.18(0.31) .61 0.25(0.61) 0.12(0.19) 0.06 (0.13) .61
Speckled Dace S 0.02 (0.03) 0.41(0.47) 0.12 (0.17) .01 Not present
Black Bass S Not present 0.12(0.20) 0.29 (0.38) 0.16 (0.16) .58

L Not present 0.92(1.77) 0.11(0.08) 0.10 (0.11) .87

Note: We analysed data from areas without Black Bass and areas with Black Bass separately. Small fish are those under <127 mm TL (vulnerable
to predation) and large fish are those >127mm TL (invulnerable to predation). Speckled Dace and Sonora Sucker were not present in sufficient
abundance in sampling reaches with Black Bass, and Black Bass were only present downstream of the fish barrier. Bolded numbers show p-values

<.05 from the Kruskal-Wallis tests.

and this distribution remained consistent regardless of Black Bass
presence (p=.38; Table 2). In sampling reaches without Black
Bass, we found no selection for mesohabitat; but marginal evi-
dence suggests large Roundtail Chub increased their selection for
pools by 4.10 times when sympatric with Black Bass (Figure 5). In
general, large Roundtail Chub used microhabitats within pools in
proportion to their availability, but selected deep water, avoided
fast flow velocities and used a range of substrates and canopy
cover in riffles and runs. We only modelled change to microhab-
itat selection in riffles due to insufficient observations and poor
model convergence in other mesohabitats. Microhabitat selection

in riffles remained consistent regardless of Black Bass presence
(Figure 6).

3.3 | Desert Sucker Catostomus clarkii

The abundance of small Desert Sucker was similar between sam-
pling reaches with and without Black Bass (p=.95; Figure 2). Small
Desert Sucker abundance was not related to mesohabitat in sam-
pling reaches without Black Bass, however; some evidence sug-
gests (p=.06) that the abundance of small Desert Sucker was less
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FIGURE 3 Small fish (<127-mm TL; vulnerable to predation) mesohabitat selection. Coefficient estimates and 95% confidence intervals
from resource selection functions for mesohabitat selection of small fish in the presence and absence of Black Bass. ‘Run’ was the reference
level for the explanatory categorical variable mesohabitat (levels: pool, riffle and run). Coefficients estimate relative selection strength

of pools and riffles relative to runs. White shapes represent selection in sampling reaches with native fish and grey shapes represent
selection when Black Bass are present. Significant change to selection is represented by non-overlapping 95% confidence intervals. Table of
coefficient estimates, confidence intervals, and CCC values can be found in Table S1.

in pools with Black Bass (Table 2). When Black Bass were absent,
small Desert Sucker did not select for mesohabitat, but when sym-
patric with Black Bass, small Desert Sucker were 6.90 times more
likely to avoid pools (Figure 3). In general, small Desert Sucker se-
lected for deep water of slower flow velocity in riffles and runs,
selection that remained consistent regardless of Black Bass pres-
ence. Small Desert Sucker selected for smaller substrates in rif-
fles, and larger substrates and increased levels of overhead cover
in runs when sympatric with Black Bass (Figure 4). Desert Sucker
were generally not found in pools with Black Bass and microhabitat
selection was not modelled in these environments due to insuf-
ficient sample sizes.

The abundance of large Desert Sucker was not significantly
different between sampling locations with and without Black Bass
(p=.95; Figure 2) and we found no significant differences to the
abundance of large Desert Sucker among mesohabitats (p=.61;
Table 2). Large Desert Sucker selected for riffles, and some evi-
dence suggests this selection for riffles increased by 3.40 times in
sampling reaches with Black Bass (Figure 5). We were only able to
model change to microhabitat selection in riffles due to insufficient

observations in runs and pools with Black Bass present. In riffles,
large Desert Sucker selected for deep water of slow flow velocity
and large substrates, selection that remained consistent in sampling
reaches with and without Black Bass (Figure 6). Large Desert Sucker
did, however, significantly increase their selection for canopy cover
inriffles with Black Bass.

3.4 | Sonora Sucker Catostomus insignis and
Speckled Dace Rhinichthys osculus

The abundance of small Sonora Sucker was significantly reduced in
sampling reaches with Black Bass (p=.02); however, the abundance
of large Sonora Sucker was not different (p=.51; Figure 2). The abun-
dance of Sonora Sucker of either size-class was not different among
mesohabitats with or without nonnative Black Bass (p 2.14; Table 2).
The abundance of Speckled Dace was significantly reduced in sam-
pling reaches with Black Bass present (p=.01). In sampling reaches
with exclusively native fishes, the abundance of Speckled Dace was
greatest in riffles than other mesohabitats (p=.01; Table 2).
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FIGURE 4 Small fish (<127-mm TL; vulnerable to predation) microhabitat selection. Coefficient estimates and 95% confidence intervals
from resource selection functions for microhabitat features (depth [m], flow velocity [m®/s], substrate composition [modified Wentworth
Scale, and canopy cover (proportion)]) for small fish within each mesohabitat (pool, riffle and run). White shapes represent selection in
sampling reaches with native fish and grey shapes represent selection when Black Bass are present. Insufficient observations of small native
fishes in pools and small Black Bass in runs prevented the modelling of microhabitat selection in those areas. Significant change to selection
is represented by non-overlapping 95% confidence intervals. Table of coefficient estimates, confidence intervals, and CCC values for
microhabitat selection in riffles, pools, and runs can be found in Tables S2-54, respectively.

3.5 | Black Bass Micropterus spp.

Black Bass were restricted to sampling reaches downstream of
the fish barrier. Small Black Bass abundance did not differ among
mesohabitats (p =.58; Table 2); however, small Black Bass selected
pools 3.33 times and riffles 2.08 times more than runs (CCC=0.56;
Figure 3). Small Black Bass did not selectively use microhabitats
in pools but selected deep and slow environments with smaller
substrates and less canopy cover in riffles (Figure 4). We could
not model microhabitat selection in runs due to insufficient
observations.

Large Black Bass abundance was unrelated to mesohabitat
(p=.87; Table 2), but large Black Bass selected pools 7.01 times more
than they selected runs (Figure 5). Large Black Bass did not selec-
tively use microhabitats, notwithstanding a strong selection for can-
opy cover in pools and riffles (Figure 6). We were unable to model
large Black Bass microhabitat selection in runs due to poor model
convergence and small sample sizes.

4 | DISCUSSION

Our results support the hypothesis that native fishes alter their
habitat selection in the presence of a nonnative predator (i.e. Black

Bass) in a manner consistent with predator avoidance. Additionally,
the abundance of many species (e.g. Roundtail Chub, Sonora
Sucker, Speckled Dace) was lower in the presence of Black Bass,
presumably because of their susceptibility to Black Bass preda-
tion (Pilger et al., 2008). Black Bass are one of the most prob-
lematic nonnative species for native fishes of the Colorado River
Basin (Johnson et al., 2008). Roundtail Chub, Sonora Sucker and
Speckled Dace lack behavioural and morphological adaptations
to avoid predation and are increasingly vulnerable to predation
(Arena et al., 2012; Marsh & Brooks, 1989; Pilger et al., 2010; Rees
et al., 2005; Schlosser, 1987; Ward & Figiel, 2013). Additionally,
predation risk is a strong determinant in habitat selection decisions
because predation has more immediate and stronger fitness con-
sequences than a temporary resource deficit (Hugie & Dill, 1994;
Mayor et al., 2009; Power, 1987). Large Black Bass selected for
pools over other mesohabitats, and as such, small (i.e. vulnerable)
Desert Sucker reduced their selection for pools by 6.9 times (avoid-
ance) and small Roundtail Chub increased their selection for riffles
by 2.5 times in the presence of Black Bass. Predator-induced shifts
in habitat selection can reduce the availability of suitable habitats
by forcing individuals to occupy suboptimal environments (Barrett
& Maughan, 1995; Brown & Moyle, 1991; Douglas et al., 1994),
which affects individual fitness and population viability (Werner
et al., 1983; Werner & Hall, 1988).
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FIGURE 5 Large fish (>127mm TL; invulnerable to predation) mesohabitat selection. Coefficient estimates and 95% confidence intervals
from resource selection functions (RSF) for large fish in the presence and absence of Black Bass. Run was the reference level for the RSF, so
coefficients estimate relative selection strength of pools and riffles relative to runs. White shapes represent selection in sampling reaches
with native fish and grey shapes represent selection when Black Bass are present. Significant change to selection is represented by non-
overlapping 95% confidence intervals. Table of coefficient estimates, confidence intervals, and CCC values can be found in Table S1.

The abundance of both small and large Roundtail Chub was sig-
nificantly reduced when Black Bass were present, which supports
our initial hypothesis that species that were ecologically similar
to Black Bass would be most impacted. Roundtail Chub and Black
Bass often occupy the highest trophic level within their resident
stream environment (Arena et al., 2012); however, Roundtail Chub
have been shown to reduce their trophic position when sympatric
with nonnative fishes indicating a competitive inferiority (Marks
et al., 2010; Rogosch & Olden, 2020). Additionally, Black Bass be-
come piscivorous within their first-year post-hatch. Small Roundtail
Chub likely experience high levels of predation from, and competi-
tion with, Black Bass. The reduced abundance of Roundtail Chub sug-
gests that predator-induced shifts to habitat selection insufficiently
offset negative interactions with Black Bass (Brown & Moyle, 1991;
Schlosser, 1987, 1988). Roundtail Chub might not have the capacity
to alter their selection of resources or behaviour to adequately seg-
regate from Black Bass because of the species’ ecological similarity.
Vulnerable Roundtail Chub did, however, increase their selection for
riffles when Black Bass were present. Bestgen and Propst (1989) sim-
ilarly found that small Roundtail Chub were restricted to nearshore
shallow environments when nonnative fishes were present but used

midchannel environments when nonnative fishes were removed by a
natural flow event. This highlights the importance of riffle habitat as
potential refuge habitat when Black Bass are present. The low abun-
dance of large Roundtail Chub likely reflects reductions in Roundtail
Chub recruitment. Predation by nonnative fishes on young native
fishes can result in recruitment failure and is a primary cause for
the decline of native Southwest fishes (Clarkson et al., 2005; Tyus
& Saunders, 2000).

We were unable to compare Sonora Sucker and Speckled Dace
meso- and microhabitat selection between sampling locations due
to the significant reduction in abundance of both species in sam-
pling reaches with Black Bass. Sonora Sucker were observed in arel-
atively low abundance regardless of sampling reach. The overall low
abundance of Sonora Sucker might reflect their preference for slow
and deep waters (Minckley, 1973) which are characteristic of larger
mainstem rivers. Sonora Sucker abundance was similarly low in
neighbouring tributaries (Wet Beaver Creek, West Clear Creek and
Sycamore Creek; Gahl 2022, unpublished data). Nevertheless, the
reduced abundance of small Sonora Sucker in sampling reaches with
Black Bass is indicative of predation and/or competitive exclusion.
The abundance of large Sonora Sucker was not different between
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FIGURE 6 Large fish (>127mm TL; invulnerable to predation) microhabitat selection. Coefficient estimates and 95% confidence intervals
from resource selection functions for microhabitat features (depth [m], flow velocity [m®/s], substrate composition [modified Wentworth
Scale and canopy cover (proportion)]) large fish within each mesohabitat (pool, riffle and run). White shapes represent selection in sampling
reaches with native fish and grey shapes represent selection when Black Bass are present. Insufficient observations of large native fishes

in pools and runs and poor model convergence for Black Bass in runs prevented the modelling of microhabitat selection in those areas.
Significant change to selection is represented by non-overlapping 95% confidence intervals. Table of coefficient estimates, confidence
intervals, and CCC values for microhabitat selection in riffles, pools, and runs can be found in Tables S2-54, respectively.

sampling reaches with and without Black Bass, suggesting that some
Sonora Suckers are recruiting into larger size-classes or emigrat-
ing from locations upstream of the fish barrier where Black Bass
are not present. Source-sink population dynamics of an artificially
fragmented river (Rahel, 2013) would warrant further investigation.
Speckled Dace larvae are smaller than larvae of other native species
with poorer swimming abilities (Robinson et al., 1998), contributing
to this species’ vulnerability to predation. Even as adults, Speckled
Dace never achieve a size that exceeds the gape limitation of most
Black Bass, exposing this species to predation at all life stages.
Small and large Desert Sucker abundance was unrelated to Black
Bass presence, supporting our hypothesis that fish with less ecolog-
ical overlap with the nonnative Black Bass would be least impacted.
Less ecological niche overlap between these species is likely to re-
duce opportunities for negative interspecific interactions. Desert
Sucker further reduced the opportunity for negative interspecific
interactions via shifts to habitat selection. Small Desert Sucker
strongly avoided pools in sampling reaches with Black Bass, while
also altering microhabitat selection in riffles and runs, behaviours
assumed to reduce spatial overlap with the largest and most piscivo-
rous Black Bass (Gaeta et al., 2018; Schlosser, 1988). Desert Sucker
are known riffle and run inhabitants (Minckley & Marsh, 2009; Ward
et al., 2003). Their increased selection for lotic environments likely
resulted in fewer fitness consequences than would be experienced

by species less adapted to these environments. We did, however,
observe a Black Bass consuming a small Desert Sucker, confirming
some predation on this native fish.

Habitat selection is behavioural and inherently hierarchical
(Johnson, 1980; Mayor et al., 2009). Microhabitat selection is con-
ditional upon the available habitat features within a given meso-
habitat, yet mesohabitat use is a product of selection at a higher
hierarchical level (Bowers & Dooley, 1993). Modelling habitat selec-
tion at a single spatial scale is likely to result in misleading inferences
by ignoring selection at larger spatial scales (Mayor et al., 2009). For
example, when we pooled microhabitat data across all mesohabi-
tats, as is often done in fisheries studies, we found that small Desert
Sucker selected deep waters with slow flow velocity, implying a se-
lection for pools. However, our multi-scale, hierarchical approach
found that small Desert Sucker avoided pools and instead selected
deep areas with slow flow velocity in riffles and runs; conditions that
are consistent with ‘pocket-water’ and previously described habitat
selection for this species (Booth & Shipley, 2012). Ignoring the hier-
archical nature of habitat selection in native stream fishes, particu-
larly in the presence of nonnative piscivores, may underestimate the
value of these important environments for conserving native fishes.

Our study was observational, and we cannot derive causal re-
lationships between the presence of Black Bass, observed shifts to
native fish abundance, and habitat selection from this study, alone.
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