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Figuee 1. Flow bastories based on long ters, daily mean discharge recorde. Theie
hstories show within- and among-vear variasion for (al Asgusta Creek, M1, (b}
Satilla River, GA, (¢} upper Codorado River, CO, and ({d) Sooth Fork of the
McKenzne River, OR. Each water vear begins on Ocrober | and ends on Seprember
30. Adageed from Poll and Wasd 1990,

Take note of the different
scales of variability
(seasonal and inter-annual)
Some rivers are naturally
more flashy
The dominant flow
components and sources
of runoff can be seen
e (CO- spring pulse
caused by snow melt
e GA-rain fed, highly
variable
e MI- spring fed?
e OR-rain fed, but more
consistent




Runoff components

* Overland flow

* Shallow subsurface stormflow
» Saturated overland flow

* Groundwater flow

Storm peaks in hydrograph =
overland + shallow subsurface flows

Baseflow = deeper groundwater
pathways

Urban & agricultural LUs = A\ surface flow
« A\ impermeable surfaces, W vegetation cover, A\ drainage systems
« A\ depth, W water table, W baseflow

Levees & flood walls on main channel = loss of floodplain habitats
* Floodplain habitats

» Side-channels, Wetlands, Episodically flooded lowlands

Dams = W downstream movement of water, A flow regime



Table 1. Physical responses to altered How regimes.

Soudee(s) of alveration Hydrologic change(s) Geomorphie fespomse]s]
Dram Capture sediment moving Downstream channel erosion and
downstream eributary headeurting

Bed armoring {cearsening}

Dram, diversion Reduce magnitude and freguency  Deposition of fines in gravel
of high Flows
Channel stabilization and
NATTOWing

Reduced formanion of point barg,
secondary channels, oxbows,
and changes in chammel planform

Urhanization, riling, drainage  Increase magnitade and frequency  Bank erosion and channel widening
of high flows

Downward incision and floodplain
disconmection

Reduced infiltration into sml Reduced baseflows

Levees and channelizatnon Reduoce overbank flows Channel restriction cansing
dawncurring

Floodplain deposition and

ernsion prevented

Redwced channel migrarion and
formatien of secondary channels

Groundwater pumping Lowered water table levels Streambank erosiom and channel

downcurmming after loss of vegerarion
stability




E) Rare large floods (centennial)
Uproot mature riparian trees = creates high quality CWD habitat
D) Larger floods (decadal)
Inundate aggraded floodplain terraces = prevent channel encroachment of later
successional species)
C) Intermediate-size floods (annual to decadal)
Inundate low-lying floodplains
Deposit entrained sediment = pioneer species establishment
Import organic matter into channel
Help maintain form of active stream channel
B) Small floods (frequent, annual)
Transport fine sediments = high benthic productivity maintained
Create fish spawning habitat
A) Water tables

: . on.& deli in-c| | baseflow habi




Table 2. Ecological responses to alterations in components of natural flow regime.*

Flow component SYpecihic alteration Ecological response
Magnitude and Increased variation Wash-out andior stranding
frequency Loss of sensitive specics

[ncreased algal scour and wash-our of
OFgANK MAatter

Life cvele disruprion

Altered energy flow
Flow stabilization [nvasion or establishment of exotic species,
leading to:
Local extinetion
Threat to native commercial species
Alrered communiries

Reduced water and nutrients o floodplain
plant species, causing:
Secdling desiccation
Ineffective seed dispersal
Loss of scoured habitar parches and second-
arv channels needed for plant establishmens

Encroachment of vegetation into channels

Timing Loss of seasonal flow peaks Disrupt cues for fish:
SpawinLng

Egz hatching

Migranion
Loss of fish access to wetlands or backwarers
Mlodification of aguatic food web structure
Reduction or eliminavion of riparian plant

recruirment
-] [ I

nvasion of exotic riparian species
- Reduced plant growth raes -




Table 2. Ecological responses to alterations in components of natural flow regime.*

Flow component Specific alteration

Ecological response

Duration PI'I:II-I']I'IEIEd low flows

Prolonged baseflow “spikes™

Altered inondartion duraton

Frolonged mundation

Rate of change Rapid changes in river stage

Accelerated flood recession

Concentration of aquatic organisms
Beduction or ehimination of plant cover
Diminished plant specics diversiry
DI:".S-I.'.HI'FIE.HI.‘II:IH of riparian species
COHmpOsitLon

Physiological stress leading to reduced plant
growth rate, morphological change,

or mortalicy

Downstream loss of floating eggs

Alrered plant cover tvpes

Change in vegetation functional type

Tree |:1-|:ntlr:Ii':ifI

Loss of riffle habitar for aquatic species
Wash-our and stranding of aquaric species

Failure of seedling establishment




Ecological Limits of Hydrologic Alteration (ELOHA)
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Flow Components and Needs: Major Tributaries
Example: 01543500 Sinnemahoning Creek at Sinnemahoning, PA (685 sq mi)
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Restoring native fish
assemblages to a regulated
California stream using the
natural flow regime concept
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Fig. 1. Map of lower Putah Creek, Yolo and Solano counties, California, USA. Sample sites (open circles) are coded to reflect
their approximate distance (in kilometers) downstream of the Putah Diversion Dam (e.g., km16 = 16.2 km below the diversion).




Putah Creek Accord

1989: Putah Creek goes dry
1996: Court order to increase minimum release by 50%
2000: Signing of Putah Creek Accord

1) Native fish flows

2) Anadromous fish flows

3) Schedule for extended droughts
4) New forum for management

5) Restoration and monitoring funds
6) Landowner water rights



Release Schedule

Feb 15-March 31: Three day pulse, followed by a month-long release of
elevated flows

Fall: Supplemental pulse flows

November or December: Five day pulse for adult chinook migration

Year-round: Permanent stream flow from Putah Diversion Dam to I-80
at all times, even during drought years




ODbjectives

Determine whether the more natural streamflow patterns put in place
by the Putah Creek Accord would:

1) Reestablish native fishes

2) Reduce alien fish




IHA Model

1) Flow magnitude

2) Magnitude and duration of annual extreme conditions
3) Timing of annual extreme conditions

4) Frequency and duration of high and low pulses

5) Rate and frequency of changes




Streamflow Variations

] pre-Accord post-Accord
350
300
@ ]
£ 250
= ]
5 1
§ 200
2
©
>
T 150-
©
c
« 4
2 100
50 l
T T | | 1 ]
p © ~ - 0 ~
'EEEEEREEREEEEEEEEEE
— ™~ * — — — ~— -~ -~ ~N N N N N o~ ~N (39 o~
WYT= C C ANC W W W W WAN D D ANBNAN W D C

Fig. 2. Time series of mean daily discharge from the Putah Diversion Dam before (pre-Accord; shaded) and after (post-
Accord; unshaded) implementation of a new flow regime. Water year types (WYT) appear below each year on the abscissa and are
classified as wet (W), above normal (AN), below normal (BN), dry (D), and critically dry (C). See the Introduction for a description
of the Accord.




Streamflow Variations

Spring spawning flows
e e

+63

Change in mean monthly streamflow (%)

T T T T T T T T T
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Month of water year

FiG. 3. Percentage change in mean monthly stream flow following implementation of the new flow regime. The pre-Accord
period includes the water years 19791999, whereas the post-Accord period includes water years 2000-2008.




Fish Assemblages
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FiG. 5.

Time series (1991-2008) of the proportion of the total fish assemblage composed of native species at six permanent

sample sites. Sites are presented from upstream to downstream, and site codes (e.g., km0) reflect approximate distances downstream
of the Putah Diversion Dam. The gray shaded region in each plot identifies the pre-Accord period (1991-1999). Horizontal dashed
lines indicate the mean proportion of native species during each time period.




Questions

Why no data collected on chemicals/food sources/geomorphology?

Is this an effective way to satisfy landowner and wildlife needs?




