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the history, theory and practice of floodpl
connectivity in the Anthropocene.
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Wohl E, Castro J, Cluer B, Merritts D, Powers P, Staab B and Thorne C (2021) Rediscovering, Reevaluating, and
Restoring Lost River Wetland Corridors. Front. Earth Sci. 9:65@6230.3389/feart.2021.653623

Evidence that rivewetland corridors were wet,
widespread, and ecologically productive in the
geologic, prehistoric, and recent past is
irrefutable.
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FIGURE 1 | Examples of “contemporary remnants” in which fully functional river-wetiand cormidon
Delta, Okavango River, Botswana, (C) The Gearagh, River Lee, ireland; (D) North St. Vrain Creek, C
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FIGURE 7 | Schematic illustration of river functions associated with river-wetland cormdors ("biodiversity” image modified from Nelson et al. (2006); "denitrification”
diagram from ibiologia.com; “food supply” image (rotifers) from Matthew A. Robinson, Wikimedia Commons).




Fig. 1. The Flathead River in southeastern British Columbia. Ir

trates the breadth of the gravel-bed river floodplain system and t
geomorphic relationship between the surrounding catchmenFig. 2. The three-dimensional structure of the gravel-bed river. lllustration shows the longitudinal, lateral, and vertical dynamics of the floodplain
spatial and tem poral com plexity of the shifting habitat mosaic. sYstem. The floodplain landscape is created and maintained by biophysical processes that lead to a complex and dynamic habitat mosaic at the surface
> O RS and in the subsurface. In this cutaway view, the hyporheic alluvial aquifer, characterized by river-origin water flowing through the gravel subsurface, is

arrow spans the width of the ﬂOOdplam in this river segment chown from valley wall to valley wall. The larger blue arrows signify the hyporheic waters that develop at the upper end of the floodplain and flow
Yellowstone to Yukon Conservation Initiative). through the gravel substratum to discharge into the surface at the lower end of the floodplain following long flow pathways. The smaller arrows near
the surface illustrate the water exchange between the surface waters and the upper hyporheic waters in the shallow bed sediments that occurs

repeatedly along the length of the floodplain. The smaller U-shaped arrows at the interface between the hyporheic zone and phreatic groundwaters

iIIustrate the small exchange that occurs between the hyporheic zone and deeper, phreatic groundwaters that are stored for longer periods of time.

= 2 k.Gres Epr&ent theﬁ Ig;f rﬁ filalluviation ch&racK by highly sorted open-network cobble substrata with interstitial flow
O th yzuaft hi afu\e river ove Iatﬁlly on tqﬂ ace (E. Harrington, eh illustration, Missoula, MT).
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river floodplains are the ecologicaéxusof glaciated mountain

landscapes. Sci. Adv. 2, 1600026 (2016). ©



Fig. 6. The gravel-bed river floodplain as affected by human structures. (A to D) lllustration sl
result of human infrastructure shoreline housing and transportation corridor (A), rip-rap as a bank-h
levee construction (C), and a dam at the top of the floodplain (D). Note that, in this cutaway view, t
from that shown in Figs. 2 and 5 as the river is converted into a functional single-thread river with liti
results in the loss of highly sorted, open-network cobble substrata and further loss of the inters
modified, most ecosystem components illustrated in Fig. 5 are significantly reduced or eliminated
tration, Missoula, MT).

Fig. 5. The gravel-bed river floodplain as the ecological nexus of regional biodiversity. lllustration shows the (omp!e',!!w:f mme shifting habitat
mosaic, the biophysical interactions among organisms from microbes to grizzly bears, and the importance of gravel-bed river floodplains as the nexus
of glaciated mountain landscapes. (A) Microbes of the interstitial spaces of the gravel bed showing the products of processing of organic matter in the
subsurface. (B) Crustaceans and insects that inhabit the gravels of the floodplain. (C) Temperature modification of surface habitats from upwelling
hyporheic zone waters. (D) Native fishes spawning in floodplain gravels. (E) Riparian obligate birds. (F) Amphibian spawning in floodplain ponds and
backwaters. (G) Ungulate herbivory of floodplain vegetation. (H) Wolf predation on ungulate populations. (1) Early-spring emergence of yegetation. (J) Wolf
dens located along floodplain banks. (K) Use by grizzly bears and other camivores as an intersection of landscape connectivity and sites of predation
interactions (E. Harrington, eh illustration, Missoula, MT).
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GRANDE RONDE VALLEY
LEGEND
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Virtually all of the historic wetlands, \\ Some Haf - 7843
camas fields and cottonwood forest .
have been drained, cleared, and convertd

to farm land. Ladd Marsh , owned and
managed by Oregon Dept. Fish and

Wildlife 1s the only remnant of historic

valley wetland conditions. The State Ditch
cut off about 50 miles of Grande Ronde
River channel in the Valley. Catherine Cr.
connnues o use the lower half of the historic
Grande Ronde channel.
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In 1858, the first non-Indian cabin was built in the Grande Ronde Valley near present-day Phys Point.. In 1862
the census reported 35 whites and one half breed” in the valley. As the production of timber and crops increased,
roads began to criss-cross the valley. But agriculture was limited by continual flooding. An 1868 newspaper
report stated: ‘Grande Ronde Valley labors under the great disadvantage from melting snows ... which inundate

it and convert the central portions into a widespread lake, whose waters remain during ... May and June.” In 1869,
with State funding, a 4.4 mile ditch was constructed to cut off about 35 miles of the meandering Grande Ronde
River as shown below. Horses or oxen and scrapers were probably used as in the picture above.

The 1997 photo on the left above, shows the old Grande Ronde River channel which continues to carry Catherine
Creck water. This view represents well the meandering character of the Grande Ronde before the state Ditch was
constructed, in 1869, except that in this a photo most of the wetlands and riparian vegetation have been removed
and the land is farmed right to the ditch banks. The photo on the right shows the State Ditch today. Very little
vegetation grows next to the ditch. When the ditch was constructed it was 3 1/2 feet deep, 6 feet wide. Today it
approaches 100 ft. wide and 30 ft. deep.
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Snohomish Basin
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Figure 13. (A) Channels and wetlands in the valleys of the Snohomish,
Snoqualmie, and Skykomish Rivers in ~1870, or prior to widespread landscape
modifications by settlers, as interpreted from archival sources, primarily GLO
field survey records and USC&GS charts. Bar graphs show floodplain area (terraces
and fans are excluded) in following categories: FO = forested floodplain; WT =
wetland (E = estuarine; R = riverine-tidal; P = palustrine); PO = pond; CH =
channel; AG = agriculture/cleared land; urban = urban.

¢ 13 (continued). (B) Conditions in 1990, primarily from aerial
graphs, supplemented with hydrography and wetlands from Washington
tment of Natural Resources and National Wetland Inventory, and USGS
ise and land cover mapping. Abbreviations for bar graphs are the same as
ure 13A; channel category includes gravel bar (unshaded) and low-flow
el (black).

Collins et al 2015, in Restoration of Puget Sound Rivers 2015

AP Nooksack ~1880 A

Figure 14, (A) Channels and wetlands in the mainstem Nc*.ck-?‘ivcr valley
in ~1880, as interpreted from archival sources, primarily GLQ Tield survey
records and USC&GS charts. (B) Conditions in 2000, mapped as in Figure
13B. Abbreviations in bar graphs are the same as in Figure 13.
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Settlement and land use effectively convertisghosition zones
Into transport zoneswith the result of converting floodplains into
terraces and wetlands into drylands.
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RIVER RESEARCH AND APPLICATIONS
River Res. Applic. (2013)

Published online in Wiley Online Library
(wileyonlinelibrary.com) DOIL: 10.1002fra. 2631

A STREAM EVOLUTION MODEL INTEGRATING HABITAT AND
ECOSYSTEM BENEFITS

B. CLUER®*#* and C. THORNE"

* Fluvial Geomorphologist, Southwest Region, NOAA s National Marine Fisheries Service, Santa Rosa, California, USA
® Chair of Physical Geography, University of Nomingham, Nottingham, UK

For decades, S E M

associated

touien M| 1. Update and extend earlier channel evolution modgiSsic
includes a p nis stream
evolution a.-:l 2 InCIUde Va”eyS € common

sequence, ski . . . .

mewad 3. Link ecological functions to fluvial stages.
and gualities ) ) ]
weranre 0 { 4, GUidance for more effective restoration goals. values of
different evo erstanding
of the ecological status of contemporary, managed nvers compared with their historcal, unmanaged counterpans. The potental utility of the
Stream Evolution Model, with its interpretation of habitat and ecosystem benefits includes improved dver management decision making with
respect (o future capital investment not only in aquatic, nparian and floodplain conservation and restoration but also in interventions intended
o promote species recovery. Copynght © 2013 John Wiley & Sons, Lid.
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StanleySchumm Mike Harvey and Chester Watson 1984
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Schumm, S. A., Harvey, M. D., & Watson, C. C. (1984). Incised channels: morphology, dynamics, and control. Water Resources Publications.
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Process Domain

24



sTAGE®

f

FYa

A =t
" | fm“:':“li
A &'! \ e
T W JT
= _5 ‘0 @ [
| = "1 = \ STAGE 3¢
T |
e &

STAGE &

w

A

Py

N

[ meshence °

Kaey to percontage of bonofits

STAGE 5

Aggradation and Widening

® D

‘Stream Evolution Model’ (SEM) proposed by Cluer and Thorne (2013)

25



Pleistocene: Glacial Braid Plain Stage O
Holocene: two natural cycles of incision and evolutior
Anthropocene: Stage 7 and 8

Pleistocene

Holocene



