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FOOD FOR THOUGHT ..... ;7 KEY CONCERTS

(\/J &\g@ ® Behavior - how and why systems
v d to perturbati
1. Both social and fluvial-ecological systems /Wy / U FeSRonc o periurbations

are far from being in equilibrium. ® Process linkages and inherited

disfunction (cascading effects)

2. They are characterized by thresholds,

multiple states, and surprising phenomena. ® Episodic memory - its affect on
possible outcomes in the future

3. Because of the connection between ecological
and societal systems, cross-scale interactions
; ; ; Watershed-scale
happen. These interactions must be recognized Reach-acale processes

and anticipated. © s COMTOlS  Shadk g
strength

£) Discharge

Sediment

4. We should be aware of slowly evolving
supply

conditions.

Wood
supply

5. Short-term measures can not resolve
persistent, chronic problems, nor can they
deal with continuous change.

Landscape-scale
Channel controls

slope

Roni (2018)



Episodic Memory #1 (Deep Geologic Time)

® Paleozoic, Mesozoic, and Cenozoic eras

w
[

High Plateau Section

Glaciated Plateaus

Flat-lying sedimentary rocks, with lower relief, , YAl ARE
broad hillslopes and narrow valley floors ) e : g Gravel-bed rivers, complex assemblage of alluvium, till,

valley-train outwash, and underlying ice-contact deposits

- DeepValley Section

Ridge & Valley Province B $her &g o Piedmont Province

Gravel-bed streams flowing through narrow canyons
carved in flat-lying sedimentary rocks, with steep.
hillslopes, high relief, and narrow valley floors Broad limestone valleys, shale hillslopes and
' . meandering streams with suspended sediment loads

Rolling hills and valleys, low relief, meandering
streams with suspended sediment loads

. Drainage Network Development and Landscape Fabric

9 Baselevel change; landscape erosion, and drainage network development




Episodic Memory #1:

® Ancient depositional environments
® Compression, heat, fracturing during

tectonic orogenic events

| ..
. ° ]

. |
. -

H

YEARS AGO ERA OR EON

PERIOD

ACTIVITY AFFECTING PENNSYLVANIA

0 to 1.8 million

CENOZOIC ERA
1.8 million to 66 million

QUATERNARY

Glaciation; periglacial erosion and deposition

TERTIARY

Weathering and erosion; creation of present landscape

66 million to 146 million

146 million to 200 million MESOZOIC ERA

200 million to 251million

CRETACEOUS

Erosion and weathering

JURASSIC

Diabase intrusions; opening of Atlantic Ocean

TRIASSIC

Separation of North America from Africa; sedimentatio
valley

251 million to 299 million

299 million to 359 million

359 million to 416 million
PALEOZOIC ERA

416 million to 444 million

444 million to 488 million

488 million to 542 million

PERMIAN

ALLEGHANIAN OROGENY: Collision of Africa and Nort

mountain building, thrust faulting, and folding;

PENNSYLVANIAN AND
MISSISSIPPIAN
(Carboniferous)

Alluvial deposition; eastward advaggé
development of low flat™s

DEVONIAN

ACADIAN OROGENY: Collision of Avalonia, Eurppe, 2
America; formation of Catskill Délta

SILURIAN

Erosion of mountains; degosition
of sand and patGd

ORDOVICIAN

TACONIC OROGENY:"fhrusting of volcanic arc; development of
Appalachian basin

CAMBRIAN

Transgression of the sea; carbonate deposition

-

O
Nt

1) lapetus Ocean begins to close Cambrian (542 Ma)

Laurentia Taconic Terrane Avalonia Proto-Africa

2) Taconic Orogeny Middle Ordovician (472 Ma)

3) Acadian Orogeny Middle - Late Devonian (390-370 Ma)

Late Carboniferous to Permian

4) A[[eghanian Orogeny (300 million to 250 Ma)




Mountains
LAND SURFACE AT END OF MOUNTAIN BUILDING

/

Foothills

. —

—

s

Alluvial Plain 4 km (272 miles)!!

Ricketts Glen PRESENT LAND SURFACE
State Park
Piedmont

Allegheny Plateau Ridge and Valley

1000's of leet ——>

e Appalachians were uplifted to heights of 4,500m (Rockies or Andes)
Denudation Rates

23-31 m/ m.y.- Cenozoic
100-300 m / m.y. - Paleozoic

e Over the past 240 million years the landscape has béen gradually lowered &
(denuded) by intense weathering and erosion. ‘

Concept

e Landscape-scale elements (regional provinces, watersheds, aquifers, soil catenas, etc.)

"Episodic response” caused by
changes in base level by tectonic
uplift or sea level change.

® Episodes of tectonic uplight
& base-level change

® [ong periods of erosion,
transport, and deposition

® Evolution of drainage network

.- 16

SEDIMENT YIELD (t/h)

60 80

TIME (h)
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Episodic Memory #1:

® Ancient depositional environments

) e Compression, heat, fracturing during

—

tectonic orogenic events
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Episodic Memory #1. :@ T

DasL

® Ancient depositional environments
® Compression, heat, fracturing during
tectonic orogenic events

Geologic Cross-Section

(Not to scale)

White Deer
Penns Creek Ridge

Mountain Nittany
Mountain White Deer
Creek
Limestone Buffalo
Qc‘L == l
Qa

Run Creek

Devonian=2 : S

(Youngest)

Anticline

Anticline
o | Silurian
Anticline S (Middle)
| & Syncline

Ordovician
(Oldest)

Syncline
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Episodic Memory #1

® Bedrock lithology & structural fabric
® Drainage network density and architecture
e Water flow paths and resident times

2

e

Polymodal fractures A, B, C, D

Axial Plane



Episodic Memory #1 N
® Bedrock lithology & structural fabric =
e Drainage network density and architecture

e Water flow paths and resident times

—4

&

i
- e e e =L |
- [ :‘vf Tl A
D e I:‘ g !

. Py
-

G4 > Oy > O3
Polymodal fractures A, B, C, D

Axial Plane Horizontal Line



Episodic Memory #1

® Bedrock lithology & structural fabric
® Drainage network density and architecture
o Water flow paths and resident times

Polymodal fractures A, B, C, D

Axial Plane Horizontal Line



Episodic Memory #1 A
® Bedrock lithology & structural fabric AN
® Drainage network density and architecture

o Water flow paths and resident times

=~

e

Polymodal fractures A, B, C, D

Axial Plane
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THRESHOLDS IN SUBSURFACE FLOW

Start of
storm

12 1
~ 10 1
=
E’ 8 - Bedrock
O ridge
© 6 -
>
)
w4

Bedrock
= depression Vertical exaggeration: 2x
1 ] ] | 1 1 1 ] |
0 4 8 12 16 20 24 28 32 36 40 44

Distance upslope from trench (m)

250 44 . =] , 44
A. Contributihg atea * B. Contributing area C. Downslope index .
40 Surface topography Bedrock topogra%hy Bedrock topography w0 I 8
B
200 36 o “ . . o - 2, 36
32 . o - . o < 32 6
= Peak
150 \E’ 28 0 -¢ SR Hié 2 28 subsurface
H oexe
] O o stormflow
NE C 24 . ¢ 4 e e e 0 0 24 £
~ o F ‘ - 4
@ 100 *= - x
E_’ g 20¢ o o . o * e - B 7 + * 20 %
3 2] .. - forodk 2
e QD 16¢ ¢ ¢ ¢ ¢ ¢ o R = 0 ..g depres.‘.‘«’ 16 @
S 50 8‘ ¢ 4 0 0 e 0 ¢ 9o ¢ 0 .- 0O 8’ 2
.-g D 126 o ¢ 6 ¢ . o w 12 ©
= g' R T S e I Bedrock ridge g
8 8 8¢ ¢ ¢ ¢ ¢ ¢ VEe . o 8 8
0 c ¢+ o+ 0 0 ¢ o 0 0
% Qoeoeo o o o R T
0 Y o o 0 o SHE: o .

o

20 16 12 8 4 0 20 16 12 8 4 0 20 16 A2 8 4 0 From: Tromp-van Meerveld and McDonnell (2006)



“STREAM"” EXTENDS FAR BEYOND ITS CHANNEL BANKS



Variable Source Area Concept

A "STREAM"” EXTENDS FAR BEYOND ITS CHANNEL BANKS



: A. Shallow Oxic/Suboxic Interf
Variable Source Area Concept allow Oxic/Suboxic Interface

e .
S

Oxic/Suboxic Interface

Suboxic Groundwater

G ; l
d. E g; NO; => N,

\ N> B. Deep Oxic/Suboxic Interface

Organic
Rich Soil

Oxic Groundwater

Oxic/Suboxic Interface

NO; =D N,

Suboxic Groundwater

Wherry et. al. (2021) Factors Affecting Nitrate Concentrations in
Stream Base Flow, Environ. Sci. Technol. 55: 902-911.
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Distance Downstream (km) jJ
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Episodic Memory #1 ‘/ﬁ — e
B . \\J \ 1 urralo
® Long periods of weathering; development &% TR
of residual soils and catena profiles \ :
® Depositional materials (alluvial fans, drift & tills) o \%\\\

Buffalo
Creek

/c--r’-' NP g ARG o s e s e L L
> ~ Spruce Run | J

Rapid Run

Carbonate

Limestone or calcareous shale -
Onondaga and Old Port Formations,
Keyser and Tonoloway Formations,
and Wills Creek Formation




STREAM’S BASELINE CHEMISTRY

120

100 ¢4

(v ]
o

Calcium concentraion (mg/L)
B o~
o o

20 +

Episodic Memory #1

Distance Downstream (km)

® Baseline chemistry of valley streams
o Effect of tributary hydrogeology

Calcium
North
Branch
Buffalo il
Cresk Buffalo
l Rapid Creek
Run
Wills Creek | l Spruce
Acid calcareous N Run
" Treatment sl;:(ale aria e l )/ v
" Wetland yEor 01 RO
1 TOHOIOWEY o calcareous s
imestone 3
l 3 4 tributary limestone
1 : limestone 6 inflows & :
. : ; » aquifers
__aquifers "
E (2 mg/L per km)
; o R D e S S S
2'v .
: 3 4
1S —
; 10 15 20 25 30 35 40 as

S0

Buffalo Creek as it flows under the Hayes Covered Bridge
on Hoover Road (site #5)

.

RYE
T :

Spruce Run

~ Rapid Run

- North Branch
- Buffalo Creek

p» - ‘ .‘
Groundwater
(baseflow)

Calcareous
shale and
limestone

| bedrock

Grodndwater
(baseflow)
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Episodic Memory #2 (Pleistocene) ,/@\

Glacial and periglacial activity =

- Hillslope weathering and movement '_ LOBE CHAMPLAIN
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New Jersey Highlands

DELAWARE RIVER TERRACES
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180+ glacial limit Milford i
Wi : Delaware m M
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Pre-glacial drainages Drainage Pattern Today
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AUACIER Pleistocene Terraces
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Micro-variations in Earth’s gravitational
field (uGals) reflect density differences in
underlying alluvium and bedrock

Episodic Memory #2 (Pleistocene 2\ LA,
E L ( ) :@ high-sa_bjnsitiviﬂ‘ N
- gravimeter

- Ice dams and glacial lakes
- Catastrophic outburst floods (jokullaups)
- Alluvial valley fills and terrace formation
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Episodic Memory #2 (Pleistocene 2\
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- Ice dams and glacial lakes

Rt sy AD Glacio-fluvial Fan Deltas in West Branch Valley

- Alluvial valley fills and alluvial fans McElhatten and Pine Creek Fans “push” the Susquehanna across the valley




- ; it N River Bathymetric Surveys
Gl loo-Dawn Locston S 1 R LNE 0% Vertical and Side-scan sonar data were

Frudiin
Tt

e~ | - o ‘ collected in a zig-zag pattern with a
Flow Direction ” et v el ~ cross sectional spacing of 5-10 m.
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L-l
prs

Sources. £5n, HE?‘ E, DelLorme, TomTom, Intermap” increment P Corp,,

N ~= Profile Line of Modern Channel :
+ —— Cross Sections for HEC-RAS Model
0 25 5 1 0 15 20 GEBCO, USGS, FAO, NPS, NRCAN, GeoBase, | N, Kadaster NL,

Kilomet Ordnance Survey Esn Japan, METI, Esn China (Hong Kong), swzsstopo b
- melers Mapmylindia, © OpenStreetMap contributors, and the GIS User Communuly

Island/bars downstream of bedrock outcrops. Expansion/
depositional reach with elongated mid-channel bars and dissected
floodplain. [Location: Montgomery; 15.5 km. View north, looking up river.]
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Episodic Memory #2 ,@
- Glacial meltwater inundates valley floor =

- Catastrophic outburst floods (jokulhlaups)
+ Alluvial valley fills and terrace formation

Supply-limited system - shear stresses capable
of transporting valley fill sediments

Qt2a

Breach Failure (100% drained)

| Breach Failure (25% drained)

| Breach Failure (15% drained) Qt2

Station (m)

3500

- | Breach Failure (8% drained)
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- 100yr Modern Flood " Qt4
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MAP 59 GLACIAL DEPOSITS OF PENNSYLVANIA
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Quaternary valley fill deposits and terraces
Susquehanna River near Lewisburg, PA
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Paleoflood features persist in present day channel
and define large-scale river aquatic ecotones
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Fish Habitat

Muskellunge Surveys
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Episodic Memory #2:

- Glacial and periglacial activity
- Valleys sculpted and filled with alluvium
- Complex network of braided channels & wetlands
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h{c’ana i ;ed deposmon'al ' Valley alluvium

(l.ast glaaal maximum fmm < 26 5 to 19 ka ) - { . o o ;. Marginal tills and glacio-fluvial outwash in valley

End of the Pletstoce&ne

Recent geologic episodes - glacial and periglacial processes

Hillslopes (colluvium + alluvial fans), multiple channel-wetlands,
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Buffalo Creek at Mifflinburg, PA
Site 16 - 4" Street Bridge
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Episodic Memory #3 (Holocene)

- Tens of thousands of years of wet, marshy valley bottoms

- Kaliedoscope streams - patch mosaic of different geomorphic forms and
vegetative succession, with high water and sediment retention and cycling

- Heterogeneous stream corridors exhibiting frequent changes in channel
positioning and vegetative dynamics (Wohl, et. al., 2021)
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Pollock, MM and Norman, LM (2025). “Wet meadow regeneration through restoration of biophysical feedbacks,” Front. Environ. Sci. 13:1592036. doi: 10.3389/fenvs.2025.1592036

Cashman, M., et. al. (2025). “Hidden legacies: Investigating buried pre-colonial stream corridors in the Mid-Atlantic Coastal Plain, Maryland, USA” Ecological Engineering, https://doi.org/10.1016/j.ecoleng.2025.107771



Episodic Memory #4 (Anthropocene)

- Colonization of valleys
- Conversion of valley forests to farmlands
- Alteration of streams for water-powered mills
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Chesapeake Bay
Watershed

Mill Density, #/km?

_ 0.0-0.015
Piedmont 0.015-0.03

Physiographic 0.03-0.06
Province 0.06-0.09

" 0.09-0.12
B 0.12-0.15

Walter and Merits (2005) 8015018 Water-powered mills in the United States

Bl 0.18-30.00

~60,000 mills iIn 1840 census

Present-day channel adjustments date back to
Key Concept watershed changes associated with early settlement
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Episodic Memory #4 (Anthropocene)

- Fingerprint of legacy sediments behind
| historic water-powered mills clearly
remembered in the landscape today

. - Unless removed, system has very low
likelihood of hydro-ecological uplift.

3 gl




LOUR HOSY USEFUL MATERIAL sns

Percent of Tree Species in Valleys and
Mountains

Black Oak E
Hickory F
Chestnut Oak _—I

M Valleys n = 1018

Tree Species

O Mountains n = 263

Eastern Hemlock b

Birch b
0 10 20 30 40 50

Percent Composition

Figure 7. The frequency of tree species in the valleys and in the mountains of Union County

based on land survey data from 1755 to 1855. Froiis Gotisalves (2011) ,' A

N

&Y

memme S Episodic Memory #5 (Holocene forests) 2\

v
L
~

Ecologically stable at large scales, yet dynamic locally ;
Trees 300-500+ years old were common in many regions.
White pines reportedly reached 200+ feet tall.

Coarse woody debris and standing snags were abundant.
Oak-Chestnut-Hickory woodlands on dry ridges

Tulip poplar-oak-ash forests in Great Valley limestone soils
Sycamore-elm-ash floodplain forests

Pre-colonial valley and mountain forests

Over 90% of landscape was covered by forests; Structurally complex and regionally distinct
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Wood charcoal needed to fuel iron furnaces \\\\
Cyclical clear-cutting of forests for collieries A\

Increased erosion into valley streams

Altered headwater hydrology

Contributed to sedimentation in millpond systems
Coincided with logging for iron, tanneries, and agriculture

Episodic Memory #8 (Anthropocene) =
. @

Widespread clearcutting for charcoal production

Selective harvesting of oak, chestnut, hickory, and other hardwoods packed into slow-burning charcoal kilns




Episodic Memory #8 (Anthropocene) =

2\
Wood charcoal needed to fuel iron furnaces @

Cyclical clear-cutting of forests for collieries \s
Increased erosion into valley streams

Altered headwater hydrology

Contributed to sedimentation in millpond systems
Coincided with logging for iron, tanneries, and agriculture

Widespread clearcutting for charcoal production

Selective harvesting of oak, chestnut, hickory, and other hardwoods packed into slow-burning charcoal kilns




Episodic Memory #8 (Anthropocene) /f“ﬁ\

a - .'..l.)‘ -m—:‘:i’ »
Recorded 1908

One Charge: Charcoal — 20 bushels ~150 pounds
Iron Ore — 400 to 600 pounds

Limestone — 75 to 100 pounds |
Number of Charges per Day: 35 to 45

Daily Production of Pig Iron: 3 to 5 tons

Forest lron Works
® (1845 - 1850 )

Q‘ R & 4 : ‘ ‘ ¥
AN " charcoal
ey —— - [ 1 S .
g ! : 4 S 5 Union Fumace
; — N : ( 1853 - 1894 )
7 anthracite coal

» —* Berlin Iron Works /
7% Glen lron Furnace

‘,,m,;um,),g i Setins Oppove s ( (1818 - 1913 )
ﬁ; ; o charcoal

Y
b ’j:.o-
Sl
Nogendville

Wood charcoal needed to fuel iron furnaces \\@&\;’
Cyclical clear-cutting of forests for collieries A\
Increased erosion into valley streams

Altered headwater hydrology

Contributed to sedimentation in millpond systems
Coincided with logging for iron, tanneries, and agriculture

|

Widespread clearcutting for charcoal production

Selective harvesting of oak, chestnut, hickory, and other hardwoods packed into slow-burning charcoal kilns
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Episode 6: 19th century timber harvesting

Log drives, splash dams, rafts, and arks prior to 1880 | narrow-gauge railroads until 1915.
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Episodic Memory #9
- Channel modification - dredging,
' straightening, berming, wood removal
- Oversimplification of fluvial network into a
single, straightened channel
.« 1000-fold loss of wetland and side channel
#*  habitat (refugia and spawning areas)

Z.,/Abandoned side.cnannels
»  danddisconnectedjlooapiainsssl | .

s

SALOZEINgHalIrOuaSASIUICEs
SPIAsnaamspandrouier,
White Deer Creek, Union County, PA I0881NgaNjrastruciure
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Sediment storage and metastable condition




Present-day Condition

Oversimplified and Disconnected Fluvial System - Low Resiliency and Redundancy

44 ‘.',‘:.,. y
_‘.')"‘ | 2% .
AW de Valley sides
QWTLE ; nP‘ '
o e ) . '3

Altered vegetation types

Relic Rail

Timber harvest SE B or Access Road +

Pre-logging va!ley
(Qa,) Logging legacy surface underlain by

. teddown  ~mmmmmeeeesssfesssssssseesaad Stream Power High (Qaq) Quaternary valley
sediments washed down _ . “fire hose" effect fill sediments
from hillslopes blocking/ Loss of water table and floodplain connectivity

filling side channels

Channel INCISION and WIDENING
HIGH stream power (from deposition to transport)
MINIMAL to NO large wood debris and habitat complexity
ARMORED bed substrate - POOR spawning conditions
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Form-Stability Relationships
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CHANNEL TYPE
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HIGH RELATIVE STABILITY
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Schumm (1977)

Big Bear Creek
Lycoming County, PA

Key

Concept Stream morphology

o
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e coarse, bed load channels

* high gradients

* high width-depth ratios
EO— hlgh stream power
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Alluvial channels self-adjust

f (Q, Qs, S, W/D, sediment size, bank material, vegetation,

)



SCALES OF FLUVIAL ADJUSTMENT

bankfull
discharge

month annum decade century millenium
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SCALES OF FLUVIAL ADJUSTMENT

bankfull
discharge

month annum decade century millenium
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SCALES OF FLUVIAL ADJUSTMENT

month annum decade century millenium

Longitudinal and
Reach Profile
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Bed configuration
Gravel-bed stream
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Freedom Space (Espace d’ Liberte) Variables to ALWAYS consider

Room for the River (Ruimte voor de Rivier) Process Domain e Space e Energy
Functional Process Zone e Time e Material

Erodible Corridor
Channel Migration Zone

e 1008

s 1965 | oA
- + 1950 | . Wl
White River, Third Branch Ta—— | \‘ \\\" N
Randolph, Vermont 2003—=\/ ’. \ |

‘ ‘ Probable eroded area in
Source; White River: George Springston, the next 50 years

Drainage Area: 105 sq. mi.

Straightened 1924 river channel regains natural sinuosity and meander migration pattern in subsequent decades.

Norwich University ] 0 25
1

Space is essential for fluvial adjustment

Key

B Concept Shift restoration goals from “bank stabilization” to enabling “functional process”



Landscape scale:
o P

climatic and geologic processes

Reach scale:

riparian and channel-
floodplain processes

Left: Roni and Beechie (2006);
Right: James and Marcus (2006);
Church (1996)

L (7

"/ Concept

© Watershed scale:

erosion and runoff processes

o Channel unit scale:

Instream processes and biological interactions

Sunlight, Competition
leaf litter  3nd predation
amongst
fishes

Algae, leaf litter 4P Invertebrates
consumed by consumed by
invertebrates fishes

water flow sediment transport
(1 ms-T) (100 m year-)

-
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Contingent

Distance (km)

10 10 10 107 10 10 10 10

1 second 1 hour 1 year
1 minute 1 day
Time (years)

Scale dependency of causality

Monitoring, assessment, explanation, valuation, and management
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Sediment Load Transport Capacity | l , ‘ B
Hl§torlc water- mWered mJL

, : ‘ ; B Y- dam on Pequea Creek,

A A A A A A J A A A A " A A A A A A ) ; P

sediment size stream slope ‘ s g ncaster county, Pﬁ
|co1rsc fine I S b, AR ¢ e (=% .

Streams work towards a state of equilibrium

Stable rivers are in “balance” with their watershed inputs (water and sediment)
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ediment Load Transport Capacity . ‘ . , f i

e lHl§torlc ' water-mWeréd mJL
\ dam on Pequea Creek,

AAAAAAAAAAAAAAAAAAAAAAAAA

sediment size stream slope
| coarse \ f I I flat

ae v

N nGaster County, PA‘
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ne

If parameters change,
streams will adjust:

> aggradation (filling)

> degradation (cutting)
> changes in W/D ratio

> shifts in‘channel pattern

Ve LS

Streams work towards a state of equilibrium

Stable rivers are in “balance” with their watershed inputs (water and sediment)
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% 1. Geology and climate:

v' Narrow valleys filled with glacio-fluvial
P outwash material

v Steep/powerful bedload streams with a
braided or multi-threaded pattern

v Intense flooding/destructive ice jams

2. Historic land use:

alterations to hill slopes and | : ~',j1;. |

channels for logging and farming
3. Present-day land use:
v Settlement: homes and small towns
V' Agriculture: small farms

v Transportation corridors

.
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Concept
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System thresholds and Dynamic Equilibrium



Study Area > 250 km
4 watersheds

72 Hour Precipitation
Ending 9/8/2011 at8 AM EDT

- Lycoming -
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es from mouth
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Inches
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and Topography
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distances from mouth
of stream in meters




Legend

- Artificial Berms Post-Floodistand
Floodplain scour - Island
| Overbank Gravels | | Post-FloodChannel
Post-FloodBars D Pre-FloodChannel
: Pre-FloodBars [ ' HighFlowChannel

. Chutes-PostFlood Overbank Inundation
Chutes

«  Loyalsock Creek
S. Forksville




LiDAR
pre-flood

Loyalsock Creek
near Hillsgrove

Y

' e o | é‘{” /:.'\
Legend - A W /
\

/57 \ne
.

I Pre-Ficod Channel | | Post-Flood Channel
| Pre-Flood Bars | Post-Flood Bars v

| Pre-Flood Chutes [ Post-Flood Chutes
Bl PreFioodisiang [ Post-Fiood Isiand
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—— Control variable being manipulated through restoration —

« flow regime « extent of riparian zone « backwater habitat

After Wohl et. al. (2015). * sediment regime  connectivity with the floodplain  connectivity with the hyporheic zone



Assessing restoration structures on stream in Bradford County, PA
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