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Backeround Information

2011 Knowledge Assessment Workshops

In June and July 2011, two of five planned Knowledge Assessment Workshops (IKAWSs) were held:
one concerning the aquatic biological sciences (June) and one concerning sediment transport and
geomorphology (July). A KAW for terrestrial resources, which will cover cultural resources,
recreation and vegetation is planned for August 16-18 and a hydropower KAW will be held the
week following the AMWG meeting (August 31-September 2). These KAWs are intended to
identify topics and issues about which the scientific community is in general agreement and those
topics for which significant uncertainty remains.

A fifth stakeholder workshop in October will focus on the integration of the outcomes of each of
the summer’s KAWSs. There are several primary objectives of the October workshop: to provide an
opportunity for stakeholders to obtain an improved scientific background and explanation about key
scientific findings to date; to ensure that stakeholders have a clear understanding of the nature of
scientific uncertainty in addressing areas of management concern and scientific interest; and to
review the suite of science-based issues of greatest concern to stakeholders.

L General Statement about Geomorphic and Sediment Transport Processes

Geomorphologists and sediment transport experts recognize that the Colorado River corridor
through Marble and Grand Canyons behaves much like a pipe, a/beit a pipe with a very rough
boundary of bedrock and boulders with pockets of sand and mud that persist as eddy bars and
channel-margin deposits that resemble narrow floodplains. The “pipe” accumulates mud and sand
on its bed and in some eddies whenever the Paria, Little Colorado, or other tributaries have floods
that deliver fine sediment to the main-stem river. Subsequently, this fine sediment is transported
downstream. Thus, the “pipe” sometimes has periods when the amount of sand and mud is elevated
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GCMRC Updates, continued

and periods when there is less fine sediment. A small proportion of the fine sediment occurs at high
elevation, having been deposited during floods, including HFEs, or deposited by wind.

Construction of Glen Canyon Dam greatly decreased the amount of fine sediment that once was
transported through Marble and Grand Canyons, thereby causing a decrease in the amount of fine
sediment that is temporarily stored on the bed and along the edges of the “pipe.” Operations of the
dam result in a flow regime that is capable of transporting to Lake Mead all of the sand occasionally
delivered from the tributaries. The periods of elevated fine-sediment conditions in the “pipe” last
only a few months after each large tributary flood.

Short-duration HFEs that occur when the “pipe” has elevated fine sediment in storage have high
suspended-sediment concentrations. These high concentrations leave new deposits at higher
elevation. On the other hand, if short-duration HFEs occur when the “pipe” has small amounts of
fine sediment on its bed and in eddies, then the new high-elevation deposits will be small and some
bars will be eroded.

There are linkages between the size and abundance of sand deposits in the “pipe” and the habitat
for aquatic and riparian species, as well as other natural resources. Scientists understand that the
distinctive topography of eddy sand bars gives rise to the distinctive backwater habitats utilized by
some native fish species. These backwater habitats are well formed and abundant immediately after
floods and decrease in abundance as bars erode. Scientists are in general agreement that exposed
sand bars are one of the sources of the fine wind-blown sediment that covers some archaeological
sites. Scientists understand that small eddy sand bars and higher base flows result in smaller sand
source areas available for redistribution by wind.

Scientists agree that planning of HFEs must be based on precise and accurate accounting of the
amount and sizes of fine sediment in storage at the time a high flow occurs. High flows transport
more sediment, and the duration of HFEs must be carefully tuned to the available supply, lest more
sand is eroded and transported out of the system than is supplied by the tributaries.

Although there are some antecedent conditions that allow HFEs to have beneficial effects, there is
skepticism among scientists as to whether enough sand is delivered from tributaries on a sufficiently
regular basis to sustain sufficiently frequent high flows that in turn would lead to a significant
increase in the area and volume of eddy sand bars. Significant progress has been made in developing
numerical models that can be used to predict the outcomes of HFEs, however, there is no substitute
for a comprehensive monitoring program that measures the amount of fine sediment delivered from
tributaries, transported by the Colorado River, and temporarily stored on its bed and along its edges.

Models have been developed that successfully predict the rate of warming of the main-stem flow.
Empirical data indicates that the magnitude of near shore warming is small. Near shore warming is
thought to be of importance to native fish.

1I. General Statement about Aquatic Biological Processes

The Colorado River aquatic ecosystem downstream from Glen Canyon Dam has been dramatically
altered by modifications of flow, temperature, and sediment and introductions of non-native species.
Populations of several native fishes, including endangered humpback chub, have been adversely
affected by these modifications and introductions. Likely mechanisms for species decline include
loss of spawning and rearing habitat, competition with nonnative fish for food and resources, and
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GCMRC Updates, continued

predation by nonnative fish. Understanding how these factors influence native fish populations will
help guide future management actions intended to recover these species.

Fish populations throughout the Colorado River appear to be limited by the availability of high-
quality food resources. Two taxa of aquatic insects—szzuliids and chironomids—appear to be
particularly important food resources for fish populations, because annual consumption of these
insects by fish closely matches independent estimates of their availability. This pattern holds true for
fish populations throughout Glen and Grand Canyon. Annual production of both taxa is highest in
cobble/gravel habitats and lower in all other habitat types including backwaters. These aquatic
insects consume algae and detritus almost exclusively, but the proportion of algae consumed is high
relative to its availability. Algae biomass is also highest in cobble/gravel habitats and lower in all
other habitat types including backwaters. Algae production in Grand Canyon is strongly limited by
suspended sediment turbidity. Algae and invertebrate production in cobble/gtravel habitats may also
be limited by the quality of the physical habitat; a matrix of mud (Marble and Grand Canyons only)
and senescent algae (Glen, Marble, and Grand Canyons) accumulates on cobble/gravel unless some
form of disturbance removes this material. Periodic disturbance of cobble/gtravel habitats using
high-flow experiments or short-duration low flows may increase the production of key food web
components—algae, chironomids, and simuliids—thereby benefitting fish populations.

There is evidence that various flow regimes employed in the Colorado River influence fish
populations, particularly nonnative rainbow trout in Lees Ferry. Rainbow trout populations in Lees
Ferry increased from 1991 to 1997 following implementation of a more steady flow regime, but
declined from about 2000 to 2007. The precise mechanisms for this system-wide decline in rainbow
trout are unknown, but ecosystem modeling indicates trout suppression flows, warmer water
temperatures, and low dissolved oxygen conditions in Lees Ferry during this time period may have
all played a role. Adult abundance in 2008 and 2009 was high compared to previous years, which
was likely the result of increased juvenile survival caused by improved habitat and food conditions
following the 2008 HFE at Glen Canyon Dam. Modeling indicates rainbow trout from the Lees
Ferry reach likely move downriver, but rates and timing of emigration are not understood. Further,
it is unclear to what extent downriver rainbow trout populations are dependent on this downriver
emigration from Lees Ferry.

Predation has been hypothesized as a mechanism contributing to the decline of native Colorado
River fishes in Grand Canyon, including endangered humpback chub. During 2003—2006, over
23,000 nonnative fish, including approximately 19,000 rainbow trout, were removed from a 15-km
segment of the Colorado River near the Little Colorado River confluence. Fish community
composition shifted rapidly from one dominated by salmonids to one composed primarily of native
fishes. On average, 85% of the fish ingested by rainbow trout and brown trout were found to be
native fishes. Although rainbow trout were less piscivorous than brown trout, they were also 50
times more abundant, resulting in a greater cumulative effect (65% of the total estimated fish
consumed). Even at these levels, it is unclear if trout predation negatively affects recruitment of
young humpback chub into the adult population. Native fish appear to have responded positively to
nonnative fish suppression (see below). Observed changes in humpback chub and other native fish
abundance, however, cannot be attributed solely to fish removal efforts due to other confounding
physical and biological factors (e.g., temperature, movement, and survival). Although fish removal
was measurably effective in controlling trout abundance at a local scale, it occurred during the
previously mentioned system-wide decline in trout abundance independent of fish suppression.
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GCMRC Updates, continued

Population trends for native humpback chub indicate numbers have been increasing since 2000, to
an estimate between 7,500 and 10,000 adult fish. It should be noted, however, that our ability to
detect changes in adult populations of humpback chub in response to management actions is
somewhat limited. This is because the current model used to estimate humpback chub abundance
lacks the precision to estimate the actual age of a fish recruiting into the adult population. In other
words, a strong cohort of humpback chub spawned in a given year because of a management action
or environmental variation (e.g., warm water) will not be identified in the model. Instead, it will
appear as a gradual increase in populations over several years, thus making it difficult to identify the
mechanism responsible for the increase. Other native fishes have also seen apparent increases in
populations in recent years. Flannelmouth sucker densities have increased since 2004, particularly in
western Grand Canyon, while bluehead sucker populations have also shown dramatic increases since
2005. Reasons for these increases are poorly understood, but are likely related to a period of warmer
than average releases from Glen Canyon Dam, and declines in non-native fish abundance.

Sediment and Water Quality Update

Tributary sediment inputs were minimal during the period following recession of the 2008 HFE --
between spring 2008 and summer 2010. During this period, more sand was evacuated from Marble
Canyon than was delivered from the Paria River and minor tributaries; thus, evacuation involved
removal of sand that had been delivered to upper Marble Canyon before 2008. Floods on the Paria
River and on smaller tributaries in late summer and fall 2010 delivered a large amount of sand to
upper Marble Canyon. These floods delivered more new sand than had been evacuated during the
2008-2010 period. Since January 2011, releases of large volumes of water have initiated a new period
of sand evacuation that has the potential to completely remove the sand that had been delivered in
late summer and fall 2010. Computations of the sand mass balance for each part of Marble and
Grand Canyons are now being completed, and these data will allow estimation of whether or not the
entire 2010 sand supply has already been removed from upper Marble Canyon. The sand mass
balance for the post-2008 period will be compared with sand budgets for previous years.

The unprecedented combination of high upper Colorado River basin runoff, low storage levels in
Lake Powell, and high Glen Canyon Dam release volumes have also affected downstream water
temperature. Mid-July release temperature was about 12 degrees Celsius and increasing. These are
the warmest releases by one degree or more than have occurred since 2005, when the release
temperature was about 14 degrees Celsius.
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There has been a system-wide increase Iin
humpback chub populations, as well as the
population of other native fish species

Coggins and Walters (2009)

@
2
©
£
=
7]
A1}
@
©
c
©
=
c
3
=]
=T

T T el % t
T
.%ll T| || IT|| T|\ Tl || T T T T
2001 2002 0 2003 2004 2095 2008 2007 2008 200G 2010
ear

‘ B Spring HBC »=200 OFall HBC ==200 mm ‘

VanHaverbeke et al. (unpubl.)

£x1,000)

Adult abundance

—- &1 [ I o o] - [=+] o]
| | 1 1 | |

o



Presenter
Presentation Notes
System-wide increase in native fish populations, including HBC, since early 2000s. Thought to be related to warmer mainstem temperatures and declines in non-native fish.

USFWS Closed population estimate.  Spring estimate increased from less than 2,000 fish through 2006, inreasing to > 6000 in 2010.  Unpublished, in review.


Flow regime since 1991, including 1996 and 2008 HFEs, has also
been of benefit to rainbow trout. We do not understand the
decline in rainbow trout between 2001 and 2007.

2000 Summer
Steady Flow
1996 BHBF -

+ MLFF 1%
+Volume Drought

I EH

LK)

Q
)
>
§=
S
©
o
e
N2
Y—
Y—
o
©
Qo
S
>
c
£
m
)
o
@)
c
@©
Q
=

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010
Year Makinster et al. (2011)



Presenter
Presentation Notes
Flow regime and individual flow events (e.g., 2008 HFE) since 1991 have benefitted RBT. Exception is unexplained decline in RBT observed from about 2002 – 2007.

Prior to 1991 Lees Ferry fishery dependent on stocking.  Following Modified Low Fluctuating Flows (MLFF) in 1991 natural recruitment has maintained the Lees Ferry fishery.  Increased annual volume in late 1990’s along with 1996 BHBF led to an increase in RBT abundance.  Population declined during lower water period 2002-2007, increased substantially following the 2008 BHBF (see Korman and Kennedy for contribution of increased food quality and it’s likely effect of increased trout survival).


~The food web of the Grand Canyon is very simple. Availability of high-
quality food resources limits fish populations — black flies and midges are
the most important parts of the present food web
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Presenter
Presentation Notes
Availability of high-quality food resources limits fish populations – black flies and midges particularly important


Relative Incidence of Piscivory

= Rainbow Trout (1.43%)
Brown Trout (24.6%) 9%

95%

Yard et al (2011) Relative Trout Abundance

= Rainbow Trout (N = 6,446)
Brown Trout (N = 156)

2%

Coggins et al (2011);
Coggins (2008)

Rainbow trout are less piscivorous than
brown trout, but there are more rainbow

trout



Presenter
Presentation Notes
RBT less piscivorous than BNT, but may have greater effect due to much higher abundance.



Rainbow and brown trout disproportionately prey on native fish

Type Prey Proportions Figl)rig?sr::;r:ty
Native Fishes 85% 30%
Non_-Native 1504 20%
Fishes
Type Species Proportions
Humpback Chub 27.3%
Flannelmouth Sucker 10.6%
Native Fishes Bluehead Sucker 3.0%
Unidentified Sucker 28.8%
Speckled Dave 15.2%
U Rainbow Trout 7.8%
Brown Trout 7.3%

y

z USGS Coggins et al. (2011)
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Presentation Notes
RBT and BNT both piscivores and prey disproportionately on native fish.


Warming increases growth/production of
algae and invertebrates

Algae Production . August2008
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Presenter
Presentation Notes
Temperature positively correlated with primary production and invertebrate growth.


Warming increases the growth rate
of humpback chub

Growth rate of humpback chub at three temperatures
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Presenter
Presentation Notes
Temperature strongly influences fish growth.
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" Water temperatures at Lees Ferry and the Little Colorado River
confluence are the warmest they have been since 2005.

" Causeis the combination of low reservoir levels, high inflows and high
release volumes, as anticipated by Reclamation modeling earlier this
year.
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Presenter
Presentation Notes
Recent river temperatures should also be considered in context of historic ranges.


What are the big levers affecting
humpback chub recruitment in the

mainstem?

Humpback Chub \
R Mainstem
ecruitment Non-native fish
(Predation &
Water temperature Competition)
Geomorpholog Parasites &
Pathogens
Flow regime Food availability

Some Things We Don'’t
Know:




Will warmer mainstem temperatures
alone allow for increased survival of
humpback chub?



Presenter
Presentation Notes
We know that warmer temperatures were good for native fish - but we don't know if warmer temps alone is enough.


Do trout have substantial population-level effects on
humpback chub? At what density of RbT do these
effects become important, what ages of HbC are most
Impacted, and by what mechanisms?

 Predation (mainly juv.)

« Competition — habitat/food (both adult and juv.)




Can rainbow trout populations be controlled
through mechanical removal if the population is
growing, or in areas with high immigration?
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Presenter
Presentation Notes
Trout removal efforts reduced abundance, but efforts coincided with system-wide decline in trout abundance.  It’s unclear if results would be the same if removal efforts occurred during a period of trout population growth or in areas with high levels of immigration.


Colorado River in Grand
Canyon behaves like a pipe
— a pipe with a very rough
boundary

How the
physical

system
WOrks
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When fine sediment enters
the river from tributaries
(primarily the Paria River) ...
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This sand and mud is quickly
transported downstream. The mud
Is transported most quickly and the
sand that remains on the bed
becomes coarser.
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Unless there are floods that mobilize the
sand on the bed, thereby transporting some
sand towards Lake Mead and depositing a
small proportion of sand in eddies and long
the channel margin
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Upon recession of the flood, the sand deposits along the margin of
the river are typically larger, and the amount of sand on the channel
bed is much smaller
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Upon recession of the flood, the sand deposits along the margin
of the river are typically smaller if there has been a low
concentration of sediment in transport by the river or if the flood
has lasted too long atime
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how much deposition occurs during each flood
how frequently the floods occur
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Research Questions

1. Wwhatis the long term trend in sand storage? Is the sand balance in Marble Canyon (and
separately Grand Canyon) in downward spiral or approximate equilibrium?

What can be accomplished with high flows larger than 45,000 cfs? Larger sandbars?
Longer-lasting sandbars?

Do large sandbars in the eddies below the 8,000 cfs stage contribute to greater stability of
sandbars above the 8,000 cfs stage?

What has been (is) the effect of operations on sandbar area (i.e. why are bars in Marble
Canyon the same volume as in 1990, but smaller in area?)?

Can we better describe and predict subaqueous sandbar failures?

What is known about the relative distribution of sediment among eddies and other shoreline
environments? Need specific guidance to pursue this question.

Can high flows coincident with Paria floods build sandbars that have higher silt and clay
concentrations and do these bars have greater longevity?

What are the effects of high flows on sandbars and channel navigability downstream from
Diamond Creek?
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Update on Sediment
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USGS Sediment Flux Monitoring Program

® Mainstem flow
® Mainstem flow and sediment

@ Tributary flow and sediment
4 —» Sediment budget reach

RM 0-30 — upper Marble Canyon

RM 30-61 — lower Marble Canyon

RM 61-87 — eastern Grand Canyon
RM 87-166 — central Grand Canyon
RM 166-225 — western Grand Canyon
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SAND MASS IN REACH RELATIVE TO AFTER

POST-2008 HFE MASS-BALANCE SAND BUDGET
BETWEEN RIVER-MILES 0 AND 30
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SAND MASS IN REACH RELATIVE TO ON
JANUARY 1, 2011 (million metric tons)
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® Mainstem flow
® Mainstem flow and sediment

@ Tributary flow and sediment
4 —» Sediment budget reach

RM 0-30 — upper Marble Canyon

RM 30-61 — lower Marble Canyon

RM 61-87 — eastern Grand Canyon
RM 87-166 — central Grand Canyon
RM 166-225 — western Grand Canyon
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SAND MASS IN REACH RELATIVE TO AFTER
RECESSION OF MARCH 2008 HFE (million metric tons)
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SAND MASS IN REACH RELATIVE TO ON
JANUARY 1, 2011 (million metric tons)
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® Mainstem flow
® Mainstem flow and sediment

@ Tributary flow and sediment
4 —» Sediment budget reach

RM 0-30 — upper Marble Canyon

RM 30-61 — lower Marble Canyon

RM 61-87 — eastern Grand Canyon
RM 87-166 — central Grand Canyon
RM 166-225 — western Grand Canyon
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SAND MASS IN REACH RELATIVE TO AFTER
RECESSION OF MARCH 2008 HFE (million metric tons)
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- After dam releases increased in January 2011,
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lllustration of what is now happening to eddy

2 USGS



Summary of sand storage in August 2011

Antec_:_edent Summer/fall 5011:
condition for 2010: »
2008 HFE large inputs SVEELEMET
Reach End of 2004 Calendar End of 2008 Jan. 1, End of
HFE to start year 2010 HFE to Jan. 2011 to 2008 HFE
of 2008 HFE 7, 2011 Aug. 2, to Aug. 2,
2011 2011

1.2+0.6 3*0.3 14+04 -1.5%0.1 -0.6 £0.5

0.5+0.3 0.2+0.1 -0.05 +0.15 -04+0.2 -04+0.3
0.8x+0.7 05+0.1 -0.35 +0.35 -0.8 +0.3 -1.1+0.7
09+0.4 1.0+0.3 _ 03+03 |02+07

Black = definitely positive Blue = indeterminate, maybe negative
Red = definitely negative

Most of the sand exported from the canyon since January 1, 2011, was eroded from eddies,
based on the sand grain-size distributions measured in suspension and Hazel and others (2006).

o USGS Preliminary results — subject to review and revision



Summary

Water temperatures at Lees Ferry and near the Little Colorado River
confluence are unusually high.

The relatively high volume dam releases of winter-spring-summer 2011
(~ 17,000 - 24,000 cfs) cause net sediment depletion.

The scour has resulted in export from Marble Canyon all of the sand
that accumulated last fall and winter.

The sand being scoured from Marble Canyon is moving through
downstream reaches “like a pipe,” and those reaches are also losing
sediment.

Upcoming synthesis knowledge workshop --

October
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