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Trends: Freshwater vs. Terrestrial

Biodiversity

Freshwaters: 1% of global H-0,
= 40-43% of fishes

BIOLOGICAL
REVIEWS

Biol. Rev. (2019), 94, pp. 849-873.
doi: 10.1111/brv.12480

Cambridge

Philosophical Society

Emerging threats and persistent conservation

challenges for freshwater biodiversity

Andrea J. l(t‘j(ll* , Andrew K. Carlson?, Irena . (Il;m‘(l‘;. Erika J. Eliason®,
Peter A. Gell®, Pieter T. J. Johnson®, Karen A. Kidd’, Tyson J. MacCormack®,

Julian D. Olden?, Steve J. Ormerod!’, John P. Smol'!, William W. Taylor?,

Klement T« 1(‘1\'11[‘1"‘)‘7_v]v\‘w (.. Vermaire', David Dudgeon'* and Steven J. Cookel1?
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Conservation constraints

'!(. o

Water Scarcity Index

0.00-0.39
0.40-1.00
1.01-200
N 201-475

Non-Native/Native

0.02-0.25
0.26 - 0.50
0.51-1.00
1.01-250
 2.51 -5.60

Sabo et al. 2010 —PNAS, Reclaiming freshwater...Cadillac desert o
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Extensive water development:

15 Iarge ainstem-dams: -
er"0|rs store 7X mean annual;ﬁbw'

Colorado
River Basin
Plumbing

Key to tile
Plumbing System

High Country Ne
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Colorado River: “America’s most endangered river”
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Joe Tomelleri Illustrations



Colorado pikeminnow

Roundtail chub

Razorback sucker
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Speckled dgcé

Joe Tomelleri Ilustrations



50% are Endang

Roundtail chub
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Colorado pikeminnow Speckled dgcé

Joe Tomelleri Ilustrations
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* Potentially significant
role in conservation

COLORADO RIVER
BASIN

LAMING GORGE|
Dam (1962)

QSEARCH

National Park Service

COLORADO

/BLACK CANYON OF
./ THE GunNIsoN NP
. (1933 - NM; 1999 - NP)

UTAH

Pos; I CURECANT
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L son¥y o NRA
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3 Blue Mesa Reservoir
GUNNISON

TUNNEL (1909)

AspINALL UNIT
1966/1968/1976)

Fishing v  Shellfishing Events

NPS.gov / Home / Fish / Fish Conservation / Benefits of Native Fish

Benefits of Native Fish

N Ransow Bri

GLEN CanyON Dam
(1964

'GraND CANYON NP
(1908 - NM; 1919 - NPY%,

"Hoover Dam

Lake Mohave

\ e ARIZONA

{ Parker Dam

Phoenix
.

CALIFORNIA NEW ME

MEXICO

The Razorback Sucker is an endangersd, native fish species of the Colorado River.

NPS Photo



Colorado River — National Parks @@ 3

5%

* Potentially significant
role in conservation

* 9 NPS units along
Colorado River

 Mandate to conserve
resources over
recreation

* Organic Act, enabling
legislation




Grand Canyon




Our Challenge:

nd monitor management strategies
to conserve native fish under novel conditio




Bright Angel Creek hydrology, 2010-2019
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e Seasonally-warm thermal
regime

* Life history strategies-
* Long-lived

* High fecundity
* Migratory
* Unique morphology

Joe Tomelleri Illustrations



Novel habitats — post “disturbance”

* Damming & diversions
e “Stable” and predictable

e Favors fishes evolved in
stable environments

Post-dam

e
—




Novel habitats — post “disturbance”

* Damming & diversions
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Favors fishes evolved in
stable environments
(e.g., salmonids)
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WATER TEMPERATURE (°C)
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Study area: Grand Canyon
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USGS 09380000 COLORADO RIVER AT LEES FERRY, AZ
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How do we conserve riverine fishes?




How do we conserve riverine fishes?

Joe Tomelleri Hlustrations

e Restore habitat




* Dam management:

45000

40000

35000

30000

25000

20000

Release (cfs)

15000

10000

5000

How do we conserve riverine fishes?

Joe Tomelleri Hlustrations

e Restore habitat

e Outcomes difficult to predict

* Low summer steady flow cost >523 million

Glen Canyon Dam HFE Release Pattern

At full capacity
Novs, 2 pmtoNov8, 1am

November Volume

~657 kaf total release
(32 kafto be realloacted from latermonths)

(~81 kaf bypass)

60-hr HFE /38,100 cfs max release
4,000 cfs up-ramp, then 1 bypass tube

Novs, 10am

w Openbypasstubes

1/2 bypass down, then 2,500 cfs down-ramp
6,500 cfs /9,000 cfs pre & post-HFE

s Hd

I

Beginrampup
Novs,

‘ Complete HFE ‘

| Novs, 3pm |

]

|
AR

=
=
=]
=
|

p % P 2 R
S 2 B2 28 = ESER g SRR
geizggseg gzt Sgfcdggrgas

Date-Hour

~ - -Powerplant capacity _=———=60 hr HFE

é

------ Minimum

-==Maximum

Flow (cfs)

5,000 A
0 T T T T T T T T T T T 1
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Date

FIGURE 2-22 Mean, Minimum, and Maximum Daily Flows under Triggered Low
Summer Flows of Alternative D in an 8.23-maf Year Based on the Values Presented
in Table 2-10




Colorado River — stakeholders

Stakeholder

| Objective

Federal agency

U.S Bureau of Reclamation

Water management

National Park Service

Protect/conserve natural and cultural
resources

U. S. Fish and Wildlife Service

Endangered species recovery

Bureau of Indian Affairs

Tribal interests

= BUREAVIO ===

ION

Water & Power

Resources & Research About Us

Recreation & Public Use

News & Multimedia

Tribes
Hualapai Maintain/protect cultural values
Hopi Maintain/protect cultural values
Navajo Maintain/protect cultural values

Pueblo of Zuni

Maintain/protect cultural values

Southern Paiute Consortium

Maintain/protect cultural values

San Juan Paiute

Maintain/protect cultural values

Reclamation / Upper Colorado Region / Glen Canyon Dam Adaptive Management Program

Basin States k51
Arizona Water distribution/rights 7
California Water distribution/rights : 5 Upper Colorado News Glen Canyon Dam T —
Colorado Water distribution/rights About Us Adapti M tp In-Depth
Nevada Water distribution/rights Area Offices aptive vlanagement Frogram
New Mexico Water distribution/rights Programs & Activities The Glen Canyon Dam Adaptive Management Program was developed gg%(éugoi%%g%vusﬁgggl#gr
Utah Water distribution/rights Animas-La Plata to provide an organization and process for cooperative integration of GLEN CANYON DAM LONG-TERM
= o z Project EXPERIMENTAL AND
Wyoming Water distribution/rights ) » dam operations, downstream resource protection and management, and MANAGEMENT PLAN
Envir tal Groups gg;‘;:?f%?,:ﬁ Besin monitoring and research information, as well as to improve the values for
- - " - n Program i : ; HIGH FLOW EXPERIMENTAL
Grand Canyon Wildlands Council Environmental protection/conservation which the Glan;Canyon:National Recreation Area and Grand Canyon RELEASE
A z Ri Envi tal tection/! ti « Paradox Valley National Park were established.
merican Rivers nvironmental protection/conservation Unit GLEN CANYON DAM LONG.TERM
Recreation Interests go\oradapRiver Adaptive management is a dynamic process where people of many aﬁ%&%’gs’éﬁﬁkﬂz
t ject " "
Grand Canyon River Guides Commercial and recreational river running ARG talents and disciplines come together to make the right decision in the ENVIRONMENTAL IMPACT
« Aspinall Unit STATEMENT (£

International Federation of Flyfishers/Trout i best interests of the resources.
* amioGome ENVIRONMENTAL ASSESSMENT -

Unlimited Fishing for invasive trout T NORRAVEE SR ColaREiA
Federal Power Purchasers * el Cainjor Lok Program background | Contactus | Related Documents gg:NSTREAM - SLEN GANYON

Colorado River Energy Distributors Hydropower

Utah Municipal Power Hydropower

Other

Arizona Game and Fish Department Fishing interests and native fish conservation

Western Area Power - Department of Energy Hydropower distribution




How do we conserve riverine fishes?

Joe Tomelleri Hlustrations

* Manipulate populations * Restore habitat

A A




Study area

THE COLORADO RIVER BASIN

GRAND CANYON NATIVE FISH RESTORATION
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Conservation measures- Humpback chub

* Glen Canyon Dam operations ®
Biological Opinions: U pepimeerthe e
* Control of nonnative fish G.gn:::::§°§;§fif:.Term
(rainbow and brown trout) e
* Translocations to Grand Canyon |
tributaries

* NPS Comprehensive Fisheries
Management Plan (2013)




Case study: Non-native trout control




Nonnative fish introductions

* Trout were introduced by agencies, G RAN D CA NYON
including NPS, into tributaries beginning in N . N .
the 1920s. ' atul e[Notes

« NPS stopped stocking in 1964, but AGFD |

continued to stock rainbow trout near Lees
Ferry until the 1990s, also in 2018-19.

Grand Canyon Kature Notes

TROUT PROPAGATIONIN
GRAND CAL\I_I)YON NATIONAL

By Robert R, Williamson, Ranger
and
Carol F. Tyler, Clerk-Stenographer

HE PROPAGATIOR of fish in Grand .Canyon Fational Park

has been carried on for a number of years and though
‘there 18 no record of the apscies of fish or of the number
planted prior to 1920, 1%t is lmown that the Forest Service
made soms planting in the more accessible streams prior to
the creation of the National Park in 1919.

“YHE FIRST PLANTING OF FRY wWAS
MADE MARCH 12'(seepay)



Brown: trout = a/glebal invader

I
* |ntroductions both inadvertent and intentional <
* Can thrive in aIterekJI habitats
* Impacts due to predation and competition




Brown trout — a global invader

 Survival of humpback chub: rainbow vs brown trout

Illustrations by Joseph
Tomelleri

100
Rainbow Trout
80 4 | essssssss 10°C
—_ 95% C.l. 10°C
5 - 15°C
T e 95% C.l. 15°C
s — 20 °C /,
3 95% C.I. 20 °C 7
B /,
Z 401 7 '_,.'
2 L
[} e
a 204 "
o
45 50 55 60 65 70 75 80
Chub total length (mm)
50
Brown Trout
40
£
w
s
2 x]
=1
©
o
[
2 104
’M
0
T T T 1 v r -
45 50 55 60 65 70 75 80

Chub total length (mm)

FIGURE 1. Percent (%) probability that a juvenile chub will survive preda-
tion by a 285-mm Rainbow Trout (top) or Brown Trout (bottom) as chub size
increases from 45 to 85 mm TL at 10, 15, and 20°C. Note that the y-axis scale
for Brown Trout is one-half that for Rainbow Trout. Confidence intervals for

Brown Trout are not individuallv distineuishable and not shown.

* Temperature and size matters less to chub survival when faced
with a brown trout!

Effects of Water Temperature and Fish Size on Predation
Vulnerability of Juvenile Humpback Chub to Rainbow Trout
and Brown Trout

Transactions of the American Fisheries Society 144:1184-1191,2015

David L. Ward* and Rylan Morton-Starner

U.S. Geological Survey, Southwest Biological Science Center, Grand Canyon Monitoring and Researdl
Center, 2255 North Gemini Drive, Flagstaff, Arizona 86001, USA

N



Study stream — Bright Angel Creek

GRAND CANYON NATIVE FISH RESTORATION
——— MgTeay Tributmry \Nush

—— Cokracs River | Meservon N

1500.00 - Speas
1600.00 - .

= 1400.00 - . 2003

£ 120000 2

= 000,00 A *e

€ 500.00 - ;;

W B00.00 - .

: S 400.00 e
s o] v, LsEREL ¢ .3 .
0 g0 100 150 200 250
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aodtat) Nationaw Foreat

Novago Indian Rosorvaton

Bright Angel Creek Inflow

Joe Tomelleri Illustrations



Bright Angel- fish community

Joe Tomelleri Illustrations




right Angel- fish community

Joe Tomelleri Illustrations




Nonnative trout suppression —

e Goals:

* Enhance and restore native fish populations in Bright Angel
Creek, to the extent possible

e Reduce risk of predation upon humpback chub in Colorado
River

* Foster meaningful tribal relations and integrate perspectives
into management
 Mechanical Removal Objectives:
* Reduce trout abundance by 80%

* Maintain/improve native fish populations in Bright Angel
Creek

* When trout reduction objective met, translocate humpback
chub



Response of a desert fish community to the suppression

of invasive salmonids

Nonnative

Native

Native fishes ~ f (Invasive fishes, environmental
variation, electrofishing, time, space)

Joe Tomelleti Nlustrations *



Response of a desert fish community to the suppression
of invasive salmonids

Nonnative Nonnative

Native Native

Native fishes ~ f (Invasive fishes, environmental
variation, electrofishing, time, space)

. . N
Joe Tomelleri Tllustrations ™



Response of a desert fish community to the suppression
of invasive salmonids

Environmental Variation

(temp., flooding) (-) Nonnative

Nonnative

\ _ Environmental Variation /

Native (temp., flooding) (+) Native

Native fishes ~ f (Invasive fishes, environmental
variation, electrofishing, time, space)

. . N
Joe Tomelleri Tllustrations ™



Response of a desert fish community to the suppression

of invasive salmonids

Mechanical Removal
(electrofishing) (-)

Nonnative

Environmental Variation

(temp., flooding) (-)

Nonnative

V4

Native

Environmental Variation
(temp., flooding) (+)

Native fishes ~ f (Invasive fishes, environmental
variation, electrofishing, time, space)

Mechanical Removal
(electrofishing) (~)

. . N
Joe Tomelleri Illustrations
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Research Objettive:

1. Quantify temporal trends in abundance
with stream-wide trout suppression

2. Assess importance of abiotic and biotic
drivers of the distribution and abundance
of native fishes &+ 55 o

i PERE L
D




Sampling;
2012-2018
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Methods — Beneficial Use

* Section 106 Consultation: Tribes expressed concern related
to taking life
* Memorandum of Agreement Stipulation:

* “GCNP....will, to the greatest extent feasible, use
euthanized trout for human consumption.”

* Avoided electrofishing sacred areas (100 m of stream)
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Methods — Data Analysis

1. Quantify temporal trends in
abundance:

* Depletion models:
* Trout, speckled dace
» Total catch (native suckers)

2. Assess drivers of distribution and
abundance of native fishes*:
* Generalized linear mixed-effects models
* Predictors:
* Trout density

* Monsoon and spring flooding
indices

e Thermal variation
* Electrofishing effort

*Healy et al. in review.

Joe Tomelleri Illustratioris



Results - overview

* 2012-2018 —

e Effort:

e 15 km/year

 N= 877 three-pass
samples

 Removed:
e 42,830 brown trout
e 7,856 rainbow trout

* Native fishes:
i Increased recruitment

* Flannelmouth sucker
rearing — first records

-~

. N \
A. Bachelier photo



Frequency

400 600 800 1000

200

Results - trends

e Abundance:

 Rainbow trout:
e =80% decline

* Brown trout:
e =91% decline

1h I 2012

Joe Tomelleri Illustrations

1 1 1
100 200 300 400 500

Total length (mm)

600

Year

18000
16000 .
Rainbow Trout
g 14000 2,
< B Reach 5
8 12000
= Reach 4
3 10000 v %
< Reach 3
T 8000
b= M Reach 2
£ 6000
7 HReach 1
w4000
.
2000 e I .
.
—
N |
2012-13 2013-14 2014-15 2015-16 2016-17 2017-18
Year
18000
16000 Brown Trgt
7 ®Reach 5
Y 14000
< == . Reach 4
8 12000 v ©
S Reach 3
o 10000
< M Reach 2
T 8000
= BReach 1
£ 6000
& i =
w4000
2000
1 N =
0 || ||
2012-13 2013-14 2014-15 2015-16 2016-17 2017-18




Frequency

400 600 800 1000

200

Results - trends

* Abundance:
 Rainbow trout:
e =80% decline

* Brown trout:
e =91% decline
e Size-structure shift

H I 2012-13
I 2017-18

T T T
100 200 300 400 500 600

\ 4

Total length (mm)

Piscivorous size

Joe Tomelleri Illustrations
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Joe Tomelleri Ilustrations
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* Top Model: Native fishes (aggregated)

e Distribution and Abundance ~
* Spring flooding index (+)
* Monsoon flooding (-)

4000+

Native fisr'l- abundance
(@]
(@]
o

Results - GLMM

* Spatial-thermal (+)
* Trout density (-)

(N
o
o
o

-
o
o
o

-1 0 1
Warmer/downstream - Cooler/upstream

Joe Tomelleri Illustrations
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* Top Model: Native fishes (aggregated)

4000+

Native fisrll— abundance
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W
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o

N
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o
o

Results - GLMM

e Distribution and Abundance ~
* Spatial-thermal (+)
* Trout density (-)

Joe Tomelleri Illustrations

» Spring flooding index (+)

* Monsoon flooding (-)
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Nonnative fish control - summary

* Mechanical suppression proved to be effective -
Trout abundance <80-90% of baseline

Native fishes increased and expanded upstream with declines in trout .« - .“

Reductions in invasive trout outweigh potential negative effects of
repeated electrofishing

Brown trout catch at a 20-year low in the Colorado River.in Grand Canyoﬂ:

s

-

* Native fish abundance highest-
* In warmer sites, with fewer trout
e Temperature may mediate biotic interactions
* During years with higher spring flows and weWQnsoons

* Next steps —
* Translocations recommended by peer—rewewers (201&)

e




. Deflne obJectlves —"gestabllsh monltormg métrlc -
ahead of time — whanoes success look like?
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