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The characteristics of river
corridors

* Physically dynamic/variable
« Biologically variable/dynamic
* Unpredictable

-

Dréme River, France Photos:J-M Faton



Rivers corridors are linear
and process large fluxes of
energy and matter

— from upstream to downstream

— Transversally across the
floodplain during floods

floodplain or alluvial
forests

occupy seasonally flooded
areas along river corridors in
many biogeographic zones
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Populus fremontii forest, Snake River,
Wyoming,USA (Photo: J. Butcher)
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Acacia tortilis forest, Turkwell River, Eucalyptus camadulensis

N. Kenya (Photo: W. Adams) forest, Murray River, Australia
(photo: A. Tatnell)



Characteristics of floodplain forests

* mobile mosaics of
habitats

2158650

e Their natural history is
completely interlinked
with the hydrological
regime of their adjacent
rivers and with the

resultant § : |
geomorphological E E
aCtiVity D Bare sediment 0— metrg 10|00

[ Herbaceous [l Water

Maps of the Allier River, France
(Stéphane Petit, PhD thesis 2002)



« The mobile vegetation mosaics
include forest and wetland in
different successional stages

« The hydroperiod (frequency,
duration and timing of floods)
and sedimentation history of
individual locations determine
species assemblages

The Allier River, France (WwF, 1990)
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European floodplain forests are reduced and fragmented (over 90% lost). They are
included in Annexe | of the European Habitats Directive (1992) as a ‘Priority
Habitat Type’



EUHabitats (1999)

Description

91EO

Residual alluvial forests
(Boreal, Alpine &
temperate Europe)

Alluvial forests of temperate and Boreal Europe; arborescent
galleries of tall willows (Salix alba, S. fragilis, Alnus, Fraxinus,
Populus nigra, Populus alba) on heavy soils periodically inundated,
well-drained and aerated during low-flows.

91F0

Mixed hardwood riparian
forests (temperate
Europe)

Diverse hardwood forests of the middle and lower courses of large
rivers (eg, Rhone, Rhine, Danube, Elbe, Oder, Vistula),

92A0

White willow & white
poplar galleries
(Mediterranean)

Riparian forests of the Mediterranean zone dominated by tall
willows (Salix alba, S. fragilis) and poplars (Populus alba, P.
caspica, P. euphratica) (Distribution:France, Greece, Italy,
Portugal, Spain)

92B0

Riparian communities on
intermittent rivers
(Mediterranean)

Relict alder galleries (thermo- and meso-Mediterranean zones)
with Alnus glutinosa, A. cordate, Betula sp., Fraxinus angustifolia,
Osmunda regalis (Distribution: Mediterranean)

92C0
Plane & sweet-gum
woods (Mediterranean)

Riparian forests and woods dominated by Platanus orientalis and
Liquidambar orientalis; presence of Salix alba, Alnus glutinosa,
Celtis australis, Populus alba, Fraxinus ornus, Cercis siliquastrum.
(Distribution: Greece, Sicily)

(Interpretation Manual of EU Habitats, 1999)
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Garonne R., France (photo: E. Muller) Forests, Danube R., Hungary
(Photo:l.Bach)

Type 91F0 Mixed hardwood

riparian forests (Quercus, Alnus,
Fraxinus)

Type 91EO Residual alluvial forests
(Alnus, Salix, Populus)




Distributior g of European
black poplar




Research on floodplain forests

1. How do floodplain forests regenerate?

— Fieldwork
1. Seed dispersal along rivers — hydrochory
2.  Tracking forest change through time

3. Relationships between flooding frequency
and species distribution

— Experimental work

1.  What water tables favour regeneration of tree
seedlings and cuttings?

2. How do roots respond to different water table
regimes?

3. Do male and female trees need different soll
moisture conditions?

4.  Isthere a difference in the vigour of trees
along regulated and free-flowing rivers?

2. How has river management impacted
forest regeneration?

Wadi in Morocco (photo:W.Adams)

3. Can we manage rivers to benefit Type 92A0 White willow &
floodplain forests? white poplar galleries



Field work 1

Seed dispersal along
rivers

: Gul of Bothnia
g

*94,@.

1 Glerts River

2 Garg River

3 Bjur River

4 Sik River

5 Aman River

6 Hijuks River

7 Krycklan River

o] 50 lop

* EXxperiments with seed mimics
relocated 23% of seeds

e Dammed rivers block seeds
19% seeds found upstream,
4% downstream

* Floristic diversity is reduced in downstream areas.
(Johansson et al., 1996, Andersson et al, 2000)



Fieldwork 2 — Tracking change through time

Phytosociological studies on forest assemblages on European floodplains

1948 1956 1975 1981 1994

Reduced
flooding due to
water transfer
on the Drac
River, France
leads to change

in ratio of
pioneer/mature
vegetation
[ ] Gravel bar ; communities
D Pioneer woody community “~._ Embankment ? k:“ } (PaUtOU et al,
- Woodland Gravel pit 1997)



Quantifying forest extent through time
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(Rood and Heinz-Milne, 1989)

St Mary River 1981

Decreased floodplain forest extent in Alberta, Canada due to:
* Reduced spring floods.

» Over-rapid water table drawdown following flood



Seed dispersal period _
 — a Flood recession too

River rapid to allow seedling
discharge Seedling establishment
establishment
period High water in late
summer prevents
seedling establishment

Flows below a dam
operated for
hydro-electric power

Natural flows

Flows below a dam

Pt o | T T T T T _1 operated tosupply
J F MA MJ J A S O ND irrigation water

(Rood and Mahoney, 1990)
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Cores/discs from Populus nigra trees
along the Drac River, France show a
change in growth rates with reduced
flooding

(Lambs et al., 2006)

Measuring tree-ring
width to study change
in growth rates
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Water consumption as
determined by Sap
flow rates is lower in
trees on dry sites
along the Drac River

Poplars adapt to
drought by:

«Stomatal closure,
reducing sap
flow rates and
growth rates

*Producing
smaller leaves and
thicker bark

*Xylem cavitation and
loss of leaves and
branches

(Lambs et al., 2006)



Studies of the age structure of floodplain
forests on meandering rivers

P = Populus deltoides (sargentii)
Ac = Artemesia cana

S| = Salix lutea

El = Equistetum laevigatum

Si = Salix interior
Ma = Melilotus alba

Sk = Salsola kali

80 years

; —__ru:-., . 60 years
48 years ~ "__'_?.arsl_\_
18 years ~

seedlings [
Milk s LLLLEYY ¢

River e PP 4 9
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Milk River, Canada (Hughes,1977)



Links between floods and age structure of floodplain forests

NMumber of days with _
discharge above 500 cms Red Deer River, Canada

-

1970 1920 1930 1940 1950 1960 1970 1980 1930

. f—

Area (million m?)

Bl Populus deltoides in lower river
B Populus balsamifera in upper river

Boaln..

1910's 1920's 1930's 1940's 1950's 1960°s 1970's 1980's

Decades with high
regeneration correlate
with decades with
medium-high spring
floods

(Cordes, Hughes &
Getty,1997)



= Regeneration takes place at infrequent (but highly
variable) intervals

 eg. Red Deer River of Alberta, regeneration takes place every 20-30 years

 eg. Animas River in Colorado, regeneration takes place every 10-15 years.

Red Deer River, Alberta, 2%
Canada.
(False Colour Infra-Red
photography)




Field work 3

Links between flooding frequency
and species distribution

Results show that species distribution is
closely linked to number of continuous
days of flooding in each location, each
year

Tana River, Kenya (eg. Hughes, 1984, 1990)




Metres above zero on gauge at Garissa
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Field work findings:

* Flood regimes determine:

— Movement of propagules along river corridors

— forest regeneration capacity on floodplains

— Movement of the floodplain vegetation mosaic

— Growth rates and sap flow rates of trees on floodplains

— Species composition within different parts of the floodplain forest



Experimental work 1

A Rhizopod (based on Mahoney & Rood, 1992)

1.3metres Tubes 1-8 Isere Sof

Tubes 9-=16 Drac Soll

~Thermocouple to measure
~ tempearature ol Drac soil

lo data logger

Thermocouple to measure
Iserg sail temperature

10 dala logger

10 dala logger

output 1o
data logger

le data logger

autpul 10
dala logger

Variable resistior to
contlrol pump speed
lpre=sat before starl
of experimant) waler plaslic

pump tube

I }= waste pipe
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valve —

y direction of How

Timing o! pump and sclonoid valve

i& contrelled by the data loggar

What water tables favour
growth of seedlings and
cuttings?

Species investigated: Populus
nigra, Salix alba, S. myrsinifolia,
Alnus incana




Results for

Alnus incana showed low
growth rates and high
mortality when water tables
dropped too rapidly

(from Hughes et al. 1997)

Isere soils=fine silt
Drac soils=coarse sand
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Experimental work 2
How do roots respond to different water table regimes?

i, B S < Se-3. N
¥ =N

« Many Salicaceae are obligate
phreatophytes.

 Allocation of biomass to roots can be
high in order to track falling water

tables in floodplain species.
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Experimental work 3

Do males and females like the same water table conditions?

* Field site near Hemingford Grey on Ouse River island
 Male and female cuttings of Populus nigra grown in different soil types
 Water table monitoring with tensiometers

* Results show that females thrive in slightly wetter sites than males
(from Hughes et al, 2000)




Experimental work 4

Is there a difference in the vigour of
trees growing along regulated and free-
flowing rivers?

RPRIL 6"
WEEK. ||

Salix myrsinifolia cuttings from N.

Males and females combined Sweden
Vindel River Ume River
(free-flowing) (regulated)

Rivers combined (ANOVA -Mean + SE*, capital
Female Male letters P<0.01 , lower case P<0.05)
Root weight (g) | 1.68 +0.13a 1.65 +0.13a (Hughes, Johansson and Xiong et




Regeneration requirements of
floodplain tree species

1. Variable intra- and inter-annual flows

e« cause channel movement,
 deposition of potential regeneration sites
 replenish and maintain water tables

Dréme River, France
(Photo:J-M Faton)

2. Open, fine-textured, moist
regeneration sites

Isére R. France
(Photo:J.Girel)




3. Well-tapered water
table recession rates

Drome R. France
(Photo:F.Hughes)

s, Seed
~ % River deposition @re River,
a8 Stage northern Sweden

(Photo:H. Guilloit-Froget)
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River See_d_ Garonne River,
Stage deposition France

4. Well-timed arrival of seeds
and other propagules JFMAMJJASONTD.,




Floodplain forest regeneration model

b year or greater

spring flood

50-100 year stands
10-50 year

Saplings Sl

(5-10 year)

%4 Seedlings
““““ \ (2-3 months)

]
| Summer baseflow

(Rood and Mahoney, 1998)



Tana River, Kenya
Populus ilicifolia

 Regeneration patterns and
mechanisms are very similar
In all biogeographic regions

 early successional species
are frequently members of
the Salicaceae family

e w2 i_gm*_
Isére River, France
Populus nigra

(Photo: J.Girel)

Mackenzie River,

northern Canada
Salix alaxensis

(Photo: F. Hughes)



Braided rivers have
complex and apparently
stochastic patterns of forest
regeneration

Dréome River, France (Photo:J-M Faton)

-Island-building

-Woody debris

(eg. Work by Gurnell; Tockner)

(Photo:N.Barsoum)



How important is hydrological disturbance
to floodplain forest ecosystems?

« Large floods lead to high mortality - catastrophic
disturbance for individual trees.

« BUT..Many tree species require medium-large floods
to regenerate as these floods create regeneration
sites. This is a periodicity the ecosystem as a whole is
adapted to.

* Over time these dynamic/resilient ecosystems maintain
roughly equal areas of each forest type-but keep
moving!



How has river
management impacted
forest regeneration?

1. Extractive use of biotic
and abiotic resources

2. Alteration to
biogeochemical cycling

3. Alteration to connection
between the river and its
floodplain

4. Alteration to

upstream-downstream
connectivity

Rainfall

Changed runoff
patterns with " )

roads, plantations o

- Dam reduces variability in
/I flow regimes & traps sediment

& clear-cut areas

Reservoir .\ Eva poration

embanked river

Sediment -
no Ionge/
reaches rivm/‘ Straightened &

S

~ Urban & industrial
development

Oadl

/ \__‘_-J'hdensuy foreat =
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for navigation

il __——— Channel stralghtened ) |
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— T nature
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bridge

% = constrains

— channel
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Flood banks separate
floodplain from channel

. ,\Irrrgatlon for
- agriculture

Plantatlon

'\\

e

reserve

Flood defence bank

prevents water, Limited aquifer recharge

sediment & nutrients—— et

from being deposited
on floodplain &
reduces seepage to
water tables & aquifers

Water = 5
table//



River Modification 1

Isere Rlver France (photo: J. Glrel)
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River Modification 2

Colebrook River Dam,

Connecticut, USA
(Photo: US Army Corps
Engineers)

Oder River
Germany/Poland (Photo: T. Moss)



River Modification 3

11HHH)
9000
3000
TO00
L]

Pre-dam peaks

000D l

Dam constricton Post-dam peaks

Annual Flood Peak (m3/s)

Reduced flows following dam construction on the Savannah River, US in 1954
(from Richter and Thomas, 2007)



River Modification 4

Land use change in the Segura River, Spain

Number land
of floods abandonment
26 — |
20 = c.iefurestatiun E h
g deforestation . ‘ :
10 — L [\

f\/\f

|

830 1000 1200 1400 1600 1700 1800 1900 1990
Years

| FE=

(after Molina Sempere et al.(1994) in Grove and Rackham 2001; Decamps and Decamps, 2001)



River Modification 5

Many floodplain forests
have been converted to
plantations of poplars

Case study - Hungary:
Floodplain area reduced from
2.3 billion km? to 1,500 km?
and 40% of the remaining
areas of floodplain forest have
been converted to plantations
(Haraszthy, 2000)

Garonne River floodplain, France (Photo: E.
Muller)



River Modification 6

Removal of gravel

Sediment

becomes finer

downstream
BB BN i\ AT

(Photo: P.Belleudy)



Can we manage rivers to benefit floodplain forests?

* Flood disturbance is necessary for floodplain forests
 Disturbance can be managed:

— at a catchment scale

« Environmental flows eg planned flow releases from
dams/barrages

* Land use change
— at areach or local scale

Active Low Stability
Meandering Dynamic asin
asin | asin 1975-2000
1775-1875 ) 1875-1975

250 metres

The River Garonnne through time (mapped by E. Muller)



Environmental Flows 1

Pioneer work by Jackie King (S. Africa) and Angela Arthington
(Australia)

Holistic methodologies for managing water resources that allocates
water to needs of ecosystems and to basic human needs
Works with water gquantity rather than quality
Relies on expert knowledge
Main challenges:
— Transforming hydrological data into a format that ecologists can use
— Transforming ecological data into a format that hydrologists can use
— Providing quantified predictions of river response to flow changes
— Describe impacts of river change on users
— Provide information in a form usable by decision makers-scenarios
— Guide monitoring and adaptive management

(from King and Brown, 2007)



Environmental flows 2

Types of environmental flow methodologies

Bottom-up approaches

— Flow regimes are designed by building
up flows requested for specific
purposes from a starting point of zero
flows (eg. King and Louw, 1998)

Top-down approaches

— Flow regimes are designed by
determining the maximum acceptable

departure from natural flows (eg.
Brizga, 1998)

Hybrid approaches

— Compares hydrological characteristics
of a river system in its regulated and
unregulated state to assess the effect
on river-dependent species of
reinstating or not re-instating various

flow characteristics (eg Arthington et al.
2000)

CHANNEL MAINTENANCE/
FLUSHING FLOOD
(second building block)

Discharge

| IS |

HABITAT MAINTENANCE FLOOD
(second building block)

SPAWNING/
MIGRATION
FRESHES
(third
| building block)

LOW FLOW T
(first building block)

T 1 I I I

JAN FEB MAR APR MAY JUN

JUL AUG SEP OCT NOV DEC

Months

Building Block Model (King and Louw, 1998)



Environmental flows 3

Azsess dam-induced
hydrologic alteration

Describe ecological &
social consequences

apecify goals
for dam re-operation

Design dam re-opetation
strategies to attain goals

Implement dam
re-operation strategies

Agzess results against goals

A framework for planning and
Implementing a dam re-operation
project

Hydropower - Roanoke River, NC

1200
1000 -

Matural flowr
800

I 1 Dam-cortmolled

River Flow (1053/5)
&h
2

400 - ﬂl:uw
200 \-\J._] -

A dam operated for both
hydropower and flood control in
the US

(From Richter and Thomas, 2007)



Environmental Environmental Flow Recommendations
flows 4 Savannah River below Thurmond Dam

1400 — 2000 m3/s; 2 weeks, avg every 2 yis
= Maintain channel habitats
= Create floo dplain topographic relief 4—/
* Provide fish access to the floodplain
» Control invasive species

Floods « Maintain wetlands and fill oxhows and Link Specific flow levels at different
lough . . e
* Enhance nutrientscc;::?insg & improve water times Of the yeal’ to SpeCIfIC
lari .
. Disperas troe seeds ecological outcomes

=850 m3/s: 5 pulses, =2 days with 2 events

of 2 week duration (March and early April)

570 - 1140 m3/5; 2-3 days, 1/month
* Provide predator-free habitat for birds —

H]Eh FlD'W »Disperse tree seeds

= Trans port fis h larvae

; » Flush woody debris from floodplain to channe

Pulses * Floodplain access for fish
= Fish passage past navigation dam
230 — 340 m3/s;
» Exchange water with oxhows

) =230 mi's
Low = L arval drift for pelagic
Flows —

Key

0 WetYear

=140 m3’s
= Ad equate floodplain drainage
= Create shallow water habitat for small-hodied fish

0 AvgYear

0 DryYear JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

LLAA L AL LA L AL LAl LAl A Ll ™
LLE LIS LIR LN LE Y LI R LY L]

(From Richter and Thomas, 2007)



Environmental flows 5

A
8 Specifying flows necessary
7} Vakey Walisnancs Fiow S for the conservation of
6L Maximum Riparian Flow > fIOOdp|a|n forests:
Minimum Riparian Flow Ji600 @
E 5f T _
Bl 1.0 & 1. Regeneration flows
= Channel flow = .
s | £ « only needed in some
L —800 A years
i L — 400
L o 2. Maintenance flows
00 115 125 135 145 155 165 175 185 195 ° Close to minimum
Diznce (m) protected flows used in
many countries
3 e eg.daily Q95 in UK
2500 (the flow exceeded
95% of the time)
2000
iE: 1500
&S | e\ e Fisheries Q
E — Riparian Q
S 18 —-—— Mean Q
(]
500
; e

(From: Hill et el.,1991; Hughes and Rood, 2003)



Environmental flows 6

River stage (metres above base stage)

2.5 —
2.0 —
1.5 —
15—
0.5 —
0.0

-
o

Recruitment box

2.5 cm/day

1964

© O a W
o Ol o 1 o (@]
I

1995

Recruitment box

2.5 cm/day

O
o1

I I I I
May June July Aug Sept

St. Mary River, Alberta, Canada
(Rood and Mahoney, 2000)

-Inside the recruitment box lie
the ideal times and elevations
for poplar regeneration

- The red line shows ideal flow
recession rate



Environmental flows 7

1977

i . y

Truckee River,Nevada, USA
(Rood et al, 2003)

Using impoundment structures to alter flow patterns on the Truckee River,
Nevada:

* In 1987, 1995-1999 planned releases took place,
o initially for the cui-ui sucker (a threatened fish species)
» subsequently for Populus fremontii regeneration



Environmental flows 8

1000 m¥s

Barrage

N/l

low discharges
during flood

diversional
canal

15 m¥/s
985 m?/s

_,_o—'—'_'_'_'_'_‘_\_\_‘_‘—.
Sie AP
diversional 7 gradual drying wellfor
incision | out of the floodplain i
; ) groundwater
abstraction | forests and side-arms Sbetraction

Downstream of the
Chateauneuf Barrage,
Isére River, France
(photo: J.Girel)

move wells
outside
floodplain

100 m¥s

water tables
replensihed

lle de la Platiere,
Rhoéne River, France

floodplain forests and
side arms restored

(from Michelot, 1995)

higher water tables

higher discharges
reconnection of side arms }




Land use change 1

Conductivity

0.40

0.35
0.30

0.25

0.15

0.10

0.05

0.00

i

Injection

point

1.5

Conductivity values registerd by
sensors at 1.5 metre intervals
downstream from injection point

4.5
6.0

15

|
5 Time (seconds} 10 15

Results from an experiment in the
Weinfluss, Vienna, Austria show
flood attenuation as it passes
through trees and shrubs

(data from Horn, Richards and
Hayes,2002)



Reach Scale restoration 1

Re-connected side arms |

Regelsbrunner Au, Danube
River, Austria
(photo: J. Braatne)




‘Reach Scale restoration 2

—

Planting native trees

i A black poplar nursery in
@ Hungary

Re-configuring the channel
bed to increase
heterogeneity of habitats for
riparian vegetation and fish

River Tharme, UK




Reach Scale restoration 3

Flood defences set back |

Village of Boos on River
Elbe, Germany

Lowered flood defences

i Millingerwaard Nature Reserve,
River Rhine, The Netherlands



Rainfall Sa~?

A partially
restored
catchment

-

Excavations
~_ to vary
topography

o e

Improved aquifer recharge









Root weight Shoot weight

df F P df F P
Cutting diameter 1 7.62 1
Hydrologic regime 3 4.09 3
River type 1 11.28 1
Sex 1 0.03 0.866 1
Regime * Population 3 0.65 0.587 3 0.69 0.559
Regime * Sex 3 0.60 0.616 3 0.54 0.656
Population * Sex 1 0.11 0.736 1 0.49 0.486
Regime * Population *
Sex 3 0.65 0.582 3 0.74 0.528
Error 85 88
Total 101 104

ANOVA results: Water table treatment and river type have
significant effect on root and shoot performance, sex has
significant effect on shoot performance but not root performance
in Salix myrsinifolia
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