Linking Landscape and Hydrologic Regime:

clues from history about resilient rivers
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Flow <~>Landscape: It’s reciprocal

Historical research can help illustrate “natural”
connections between flow and landscape

Sacramento Valley: “There are over a million
acres subject to overflow in high floods.
Ordinary floods cover from 500,000 to
750,000 acres” (Fortier 1909)

IMAGE(S) REMOVED DUE TO COPYRIGHT STATUS




Flow <~>Landscape: It’s reciprocal

"... the improved understanding of
hydrosystem dynamics resulting from
[historical analyses] may lead to improved
methods for the restoration of damaged
systems.”

Petts et al. 1989




Flow <~>Landscape: It’s reciprocal

Central themes of this talk:

Flow regime both expressed and modulated by the
landscape through which it flowed

Historical Delta a place of extreme hydrologic variability
(seasonal, interannual, decadal) expressed across a
relatively stable geophysical template

The resilience of the historical Delta: ability to respond to
hydrologic variability in a complex way that translated into
ecological productivity, connectivity, refuge, etc.




Flow < Landscape: It’s reciprocal

i.e., Engineering a hydrograph to look
“natural” may not produce desired functions
if landscape interactions are ignored

Q)
=
<
-
H
£
z




IMAGE(S) REMOVED DUE TO COPYRIGHT STATUS

inundation patterns:
expression of flow variability

across the landscape
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natural flood basins:
landscape mediates hydrologic regime




Floods connected components

Basins attenuated flood flows

“the great basins...act as enormous
regulating reservoirs...to cut down the

crest of the great flood waves”
- Dabney Commission 1905

o

a
=
=

2

=

L]
o

o

=

<

Oct Dec Feb Apr Jun Aug

el 1879-1885: Sacramento River flow at Collinsville (Hall 1886)
Unimpaired flow: Sacramento River (CDWR 2007)




habitat connectivity promotes exchange
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Tule marsh water:

“so thoroughly impregnated with decaying
vegetable matter that it looked more like
sherry than water...we had before us for

study a whole universe of animalcules.”
(Wright ca. 1850)
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Movement of species:

“The small fish run into the sloughs and lakes as soon as the water gets
sufficiently high, and return to the river when it begins to get low... During the

high stage of water these lakes all communicate with the Sacramento.” (Sacramento
Daily Union, 6 June 1854)



“... thoroughly saturated with water
until later in the summer months”

(Board of Swamp Land Commissioners 1864)

“Their effect is to distribute their
discharge over longer periods than if
the river were confined to its channel.”

(Dabney 1905)
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What do we mean by resilience?

A system’s capacity to:

absorb disturbance and maintain its functions

and controls (Carpenter et al. 2001, Gunderson and Holling
2001)

cope with novel situations without losing options
for the future (Adger 2003)




What do we mean by resilience?

range of variation (ca. 1800)

Disturbance, e.q.
flood

drought

fire

climatic change
anthropogenic change




These things are important for resilience...

e Complexity

e Diversity

e Heterogeneity
o Connectivity
o Refugia

e Scale

e Functionality

...but what do they look like in
California rivers?




Santa Clara River case study
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Santa Clara River riparian forest
2007
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Santa Clara River riparian forest

The Cienega
ca. 1850 — N
East Grove ’ l
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West Grove '
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Persistent forested wetland riparian

Historical river corridor




ca. 1860 (Bancroft Library) “cottonwood and willow swamp” (1853)

“willow brush...deep mud” (1868)

“bottom land covered with willows” (1874)
“poplars and willows line its marshy shores” (1887)

“willow and cottonwood” (1892)
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ca. 1840 (Bancroft Library)



Santa Clara River dry season flow

The Cienega
ca. 1850 —_l N
East Grove . /
ﬁ/ “stopped flowing” “large flow of water”

(August 1769) (August 1769)

“runs permanently”
(summer 1887)

West Grove \“dry in summer”
~ (summer 1887)
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Santa Clara River riparian forest

The Cienega
ca. 1850 and 2007 iy ~ g
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Floodplain area: Decrease in forest acreage
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Floodplain area: Decrease in forest acreage
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Major components of the river have been lost...
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S Disconnection of flows from landscape

has reduced resilience
to both drought and floods

- State Coastal Conservancy and TNC
acquiring lands to reestablish this reach. - -




Lessons from a historical perspective

* Quantity of flows is important but what happens to the
water is probably equally as important.

« Maximize the value of water delivered through the Delta
by providing complex, connected riverine and wetland
landscapes.

« Think about target hydrologic regimes for inundation
extent, duration, depth.

« Landscape mediates hydrologic regime — can provide
resilience to flood and drought.

* Inthe Delta, the residual topographic template of natural 3
basins, levees, and lakes is still surprisingly intact.
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