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Floods, flows, and the aquatic foodbase
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M O n ito rl n g th e fo O d b aS e science for a changing world

Invertebrate Drift Insect emergence

Plankton nets o e Sticky traps Light traps
Direct measure of prey availability for drift feeding fishes

: : Captures adult midges and blackflies,
Captures EDIBLE, high quality prey : : : :
(midges, blackflies, and Gammarus) nighigualipreyitemsiieniishes

and

INEDIBLE, low quality prey

, mudsnail '
(worms, mudsnails) Unpublished data,

- bj hange,
ZUSGs e




Foodbase Knowledge Assessment

Rationale: status & Rationale: Recommen-

Resource o .
Specific Measure Confidence irend confidence dations

Characteristic

Condition of HBC, . .
Declines in key prey
and annual number . : .
. evident in both drift
of HBC spawners, is
and emergence
down and correlated o
with declining food ~ Monitoring, and
Invertebrate Drift and Emergence Significant L . - 1NiNg . across all sites
. o Deteriorating High base availability. Drift
Production Monitoring Concern (Glen, Marble, and
and emergence
o Grand Canyon)
monitoring both large . = .
; . indicating a system-
declines in . 4
wide constraint on
abundance of key _
X aquatic insects.
prey species.

Test Spring
HFEs +
Bug Flows

The Colorado River  Food base efforts,
downstream of Glen including intensive
Canyon Dam is one research and

Moderate High of the few monitoring since Test Bug Flows

. . 0 .
ITSEes VeI SR ElaUIEEIEe () Concern UnETEmgng streams/rivers in the ~2006, indicate
western US that EPT% is zero/low

doesn’t have and unchanging
populations of EPT. under MLFF.

Subsequent slides present ratings and

2 USGS terminology from the Food Base
Knowledge Assessment




Lees Ferry Drift Monitoring: ZUSGS
Edible vs. Inedible Prey

Long-term drift monitoring

T T T T T T T T T T
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Count/ m3

‘(94 INEDIBLE,
(  LOW QUALITY

EDIBLE,
HIGH QUALITY

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 UnpUbIIShed data,

Year subject to change,
do not cite




ISpring HFE: ZUSGS

HOAVARR FOOd Base GOOd Condltlon science for a changing world

Long-term drift monitoring

Count/ m3

2007 i008 2009 2010 2011 2012 2013 2014 2015 2016

Spring HFE

Inedible species declined

All edible species increased

P |

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Unp_UbIIShed data,
* * Year subject to change,
do not cite




Fall HFES: 2 USGS

science for a changing world
Deteriorating Food Base, Moderate Concern

Long-term drift monitoring

0.0+
2007 2108 2009 2010 2011 201f 2%2014 2015 2116

1‘ Spring HFE
A Fall HFE
Inedible species abundant

2 of 3 edible species
extremely rare

Unpublished data,
subject to change,
do not cite




LCR Confluence
Midges and blackflies dominate

NO Site IVb — Below Little Colorado River Confluence

1.00 ‘ ‘ ‘ ‘
Taxa
Unpublished data e
subject to change, Aegeatic Warme
Gammarus
0.75 do not cite NZ Mud Snail

0.50

Proportion of Invertebrate Drift Biomass

0.25

Spring Summer Fall Winter Spring Summer Fall Winter Spring Summer Fall Winter Spring Summer Fall Spring Summer Fall
2012 2012 2012 2013 2013 2013 2013 2014 2014 2014 2014 2015 2015 2015 2015 2016 2016 2016

2 USGS




LCR confluence:
Deteriorating Food Base, Significant Concern

Spring and summer only
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Unpublished data,
subject to change,
do not cite
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%USGS Drift biomass decreased by >50% over period of record
Correlates strongly with drop in native fish condition (Yackulic presentation)




Citizen science in Grand Canyon
2012-2015
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Distance from dam (km)

2 USGS



Marble and Grand Canyon:
Deteriorating Food Base, Significant Concern

600

Chironomid catch {average per light trap)

Year

~
éUSGSMidge catch rates decreased by >50% over period of record
Correlates strongly with drop in native fish condition (Yackulic presentation’



Foodbase Knowledge Assessment

Resource
Characteristic

Invertebrate
Production

Insect diversity

Specific Measure

Drift and Emergence
Monitoring

EPT abundance (%)

Significant

Concern Deteriorating

Moderate

Concern Unchanging

Confidence

High

Rationale: status &
trend

Condition of HBC,
and annual number
of HBC spawners, is
down and correlated

with declining food
base availability. Drift

and emergence
monitoring both large
declines in
abundance of key
prey species.

The Colorado River
downstream of Glen
Canyon Dam is one
of the few
streams/rivers in the
western US that
doesn’t have
populations of EPT.

Rationale:
confidence

Declines in key prey
evident in both drift
and emergence
monitoring, and
across all sites
(Glen, Marble, and
Grand Canyon)
indicating a system-
wide constraint on
aguatic insects.

Food base efforts,
including intensive
research and
monitoring since
~2006, indicate
EPT% is zero/low
and unchanging
under MLFF.

Recommen-
dations

Test Spring
HFEs +
Bug Flows

Test Bug Flows




? 8§  “The fundamental fish-related
] 3:11& " " P
W s | science guestion S

Does the seasonal timing of
controlled floods influence
rainbow trout response?”

-From Wright and Kennedy,
2011, Science-based strategies
- for future high flow experiment
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ANSWER: Yes, flood timing influences
rainbow trout response. Fall-timed floods
are bad-to-neutral for foodbase.
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Resource Trends Unacceptable?

Resource “The annual status check

Revise strategy unacceptable Annual status check . . .

Change strategy to mitigate I Evaluate status of sandbars, WO U Id CO nS|St Of I’eVI eW| n g

unacceptable resource trend(s native fish, and other resources 5 o o
o —— available monitoring data and

S scientific interpretations. If

mom— any resource trends are
AT AT G deemed to be unacceptable

update models

by natural-resource managers
(for example, rainbow trout
o potental g M et ot response), other HFE
Trigger met | Implementation options could
Summer/fall Winter/spring be ConSIdered (Some
Refine hydrograph, EvaluaterEt(iggerand exam | d .
conduct HFE potential timing D eS are Dresente |n
Trigger met table 1)."
Winter/spring 'From erght and Kennedy,

ot e 2011, HFE Circular

Summer/fall Winter/spring




HFE Menu

Table 1. Various options for high-flow experiments (HFEs). The options in this table generally
trend from top to bottom, from options based solely on “tributary sand-input triggers” (HFEs
are tied to the amount of sand stored in the river) to those that are less dependent on sand
storage but more dependent on seasonal timing.

Based on sand storage conditions i

Immediately following s . . -
MMeaAtcly 10Towt the river before the HFE

storage in the river reaches the trigger level

Based on sand storage conditions in

Fall and spring, if sand storage in the river . . .
pring © the river before the HFE

reaches the trigger level

Based on sand storage conditions in

Fall, 1f sand storage m the river reaches the . .
’ = the river before the HFE

trigger level

Spring HFEs unknown because not
Every spring; fall, if sand storage based on sand storage conditions in
in the river reaches the trigger level the river before the HFE: fall HFEs

based Ol sand storage conditions

y . . Based on sand storage conditions in
Spring, if sand storage in the river reaches . . =

c = the river before the HHFE
the trigger level

storage conditions in the river before
the HFE

Unknown because not based on sand

storage conditions in the river before
the HIE

Current HFE
Implementation strateqy

based on option #2.

But other HFE
Implementation options
exist, including ones
that would lead to
primarily spring-timed
HFES

22 USGS -From Wright and Kennedy, 2011, HFE

Circular



But we’re not playing with a full deck

10 11 12 13 14

\ July

S~ =By ~ =A

I T 7 /[ T
0.1 0.15 0.55 0.60
Hydropeaking index

# of EPT = %

total # of invertebrates

[ 3 From Kennedy and others

Hydropeaking index = Daily CV of discharge over 5+ yrs (2016) BioScience



Recruitment limitation

Dammed Dammed + Hydropeaking

A

Daily max

Hydro
Peaking
Variation

Daily min

Habitat
Critical egg-laying sites

!a ing sites lost
High density & diversity gg o

Ny
Low d.ensnt_y & diversity

| Deep Habttat i

Ancillary egg-laying sites
Low density & diversity

7 From Kennedy and others
s USGS (2016) BioScience



Hydropeaking strands a lot of midge eggs

Dusk
>1,000,000
eggs
;Juntgggthf: iﬂfr?gti Dawn
do not cite >10,000
eggs

2 USGS



Consistent timing of daily tides
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From Kennedy and others
(2016) BioScience



Spatial periodicity in midge abundance

Midges: 3X greater at nodes
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From Kennedy and others
(2016) BioScience
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Give bugs the weekend off!!
e

= Steady/low flows weekends May-Aug (36-38d/yr) E; . |
= Periodically create ideal egg-laying conditions SRS

Actual

Discharge (ft3/s)

Jun 14 Jun 19 Jun 24 Jun 29 Jul 04 Jul 09 Jul 14

DATE

Bug flows

Unpublished data,
subject to change,
do not cite
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Conclusions
1) Foodbase was already bad

-No EPT species for >30years

2) And it's getting worse
-Midges and blackflies, declining or scarce

B -NZMS, increasing or abundant

3) To improve Food Base:
-consider Bug Flows

-consider Spring HFEs
%USGS Unpublished data,

subject to change,
do not cite
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