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Abstract

The purpose of this paper is to describe and explain channel metamorphosis of the Ain River in east-central France and the
effects of this metamorphosis on floodplain disturbance and vegetation development. The Ain River is a 195 km long stream
originating in the Jura Mountains which flows into the Rhone River between Lyon, France, and Geneva, Switzerland. The lower
40 km of the Ain River, beyond the mountain front. are situated in a valley of outwash deposits where the floodplain is 0.2 to
1.2 km wide. A complex mosaic of floodplain landscape units has developed. Maps dating back to 1766 and six sets of aerial
photographs dated between 1945 and 1991 were used to document changes in channel pattern. Aerial photos and field surveys
were used to compile maps of landscape units based on dominant vegetation life-forms, species, and substrate. Six maps dated
between 1945 and 1991 were digitized in ARC/INFO and an overlay was generated to determine the changes in landscape units
as related to channel disturbance. Change from a braided to a single-thread meandering channel probably took place in the period
1930-1950. The process of river entrenchment has occurred throughout the Holocene but has accelerated in the present century
due to shortening of the river course, construction of lateral embankments, and vegetation encroachment following reservoir
construction and cessation of wood-cutting and grazing. The increase in horizontal channel stability coupled with channel
entrenchment have decreased floodplain disturbance and lowered the water table by approximately one meter. Pioneer and
disturbance-dependent landscape units have experienced a more terrestrial-like succession to an alluvial forest. Abandoned
channels have also been replaced by alluvial forests. On poorly drained soils, shrub-swamp communities of willow and
hydrophytic herbaceous plants have been replaced by mixed forests of ash, alder, black poplar, and oak. On well drained alluvial
soils, ash and oak dominated hardwood forests have declined in favor of mesophytic stands of black poplar. All types of
vegetation, but particularly dry grasslands—shrublands, have been cleared for mines, campgrounds, agriculture, and other types
of development. Using several measures, landscape diversity decreased between 1945 and 1991.

1. Introduction imentation) and on population dynamics and seed
dispersal (Vale, 1982; Hanson et al., 1990; Baker,

Floodplain vegetation development depends on the 1990; Amoros and Petts, 1993; Malanson, 1993). The
influence of disturbance processes (i.e., flooding, hor- disturbance regime can be altered by flow regulation,
izontal and vertical channel instability, erosion and sed- channelization, and climate change. At the landscape

0169-555X/95/$09.50 © 1995 Elsevier Science B.V. All rights reserved
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scale (e.g., floodplains), greater importance has been
ascribed to the influence of allogenic factors (Zimmer-
mann and Thom, 1982; Wissmar and Swanson, 1990).
One of the most difficult challenges facing landscape
ecologists is that of separating the effect of human
activities on change in the interactions between the
channel and floodplain from change which would have
occurred without human interference. Another diffi-
culty comes in predicting the direction of change in
floodplain vegetation as the disturbance regime is
altered. Our state of knowledge concerning this topic
was nicely presented by the advertisement for an Inter-
national Symposium on ‘‘European Floodplain Forest
Ecosystems’” held at the University of Leicester in
March 1995 (Rowan, 1994): Lowland alluvial forests
are one of the rarest, yet one of the ecologically richest,
landscapes in Europe. They are also one of the least
studied and understood. Their ecological richness
stems from the remarkable mosaic of habitats main-
tained within a small area by distinct hydrological gra-
dients, and by the close inter-linking of
geomorphological processes with biological processes.
The underlying causes of the maintenance of this bio-
logical diversity within a hydrologically dynamic sys-
tem are unknown although the dependence of the
biological diversity upon the physical processes is
clear.

The purpose of this paper is to describe and explain
channel metamorphosis of the Ain River in east-central
France and the effects of this metamorphosis on flood-
plain disturbance and vegetation development.

The relationship between channel dynamics and
hydrology, on the one hand, and floodplain vegetation
mosaics, on the other hand, has been addressed by
several groups of researchers. Perhaps the most com-
prehensive review of general principles on this topic is
provided by Naiman and Décamps (1990), Amoros
and Petts (1993), and Malanson (1993). Salo et al.
(1986), working in the Amazon lowland forest, found
that landscape diversity was enhanced by active chan-
nel migration and flooding which creates, destroys, and
recreates fluvial landforms. Bravard and his colleagues
(Amoros et al., 1986, 1987, 1988; Bravard et al.,
1986), working in the upper Rhone drainage, also
found that instability enhanced biological diversity. In
contrast, Marston (1993), working on the Snake River
in Grand Teton National Park, found that extreme rates
of channel migration and flooding can truncate succes-

sion, limiting the development of older seral stages of
vegetation, thereby decreasing relative evenness of
landscape units. The work on the Snake River brings
to light the question of whether floodplains should be
managed to obtain maximum landscape biodiversity or
managed to obtain the landscape diversity that existed
under pre-settlement conditions, which may be less
than the maximum possible because of extreme levels
of disturbance. Miller et al. (1995) found that reser-
voirs on the North Platte River in Wyoming decreased
the frequency and intensity of flooding and this induced
a shift from young dense stands of cottonwood ( Popu-
lus spp.) to older, more open stands. However, land-
scape diversity was insensitive to these changes.

Better understanding of the relationship between
channel dynamics, floodplain disturbance, and vege-
tation will improve the ability of natural resource man-
agement agencies to attain management goals in the
areas of watershed condition (Marston and Anderson,
1991), wildlife habitat ( Johnson and Jones, 1977, Tho-
mas et al., 1979), aquatic ecology ( Amoros and Petts,
1993; Statzner et al., 1994), and the aesthetic value of
riverine landscapes. New relevance to this research is
provided by a 1992 French law that recognizes the need
to *‘preserve the integrity of ecologic hydrodynamics.”’
For an outstanding discussion of issues related to river—
floodplain interactions and the need for ecosystem
management of these systems, see articles by Bayley
(1995), Sparks (1995) and other articles in the March
1995 issue of BioScience.

2. Study area

The Ain River is a picturesque 195 km long stream
originating in the Jura Mountains which flows into the
Rhone River between Lyon, France, and Geneva, Swit-
zerland (Fig. 1). The Ain drains an area of 3672 km?
and has a mean annual discharge of 130 cms, contrib-
uting about 20 percent of the flow to the Rhone where
it joins as a right-bank tributary (Vivian, 1989). The
Ain drops in elevation from 700 m to 186 m and is
situated for most of its length in the Bugey Massif of
the Jura Mountains, a region of plateaus and faulted—
folded blocks of Jurassic limestones. Extensive karst
development in this section prevents the development
of any significant tributaries to the Ain. Groundwater
discharge moderates seasonal differences in flow. The



R. Marston et al. / Geomorphology 13 (1995) 121-131 123

BOURG EN BRESSE
{

ST MAURICE
DE GOURDANS ®

37 km from junction of
_L’Ain and Le Rhéne to Lyon

Le Suran

@COYONNAX

Cize-Bolozon

IS
N
Q

~

0 10 20 KM
= )

Fig. 1. The Ain River watershed. The study area extended from Pont d’ Ain to the confluence of the Ain and Rhéne rivers.

entire Ain drainage was covered by ice during the Riss
glacial advance, but the upper Ain was unaffected by
ice during the Wiirm advance. In the Jura section, the
course of the Ain is geologically controlled in alternat-
ing narrow structural basins and gorges where a series
of five dams has been constructed for hydropower pro-
duction. Four of the dams are run-of-the-river dams
kept near-full to maximize hydropower production.
Only the uppermost, the high-arch Vouglans Dam con-
structed in 1968 in part for flood control, affects the
hydrograph; it controls 31 percent of the watershed
area. A flow duration analysis of the Ain River reveals
that bankfull discharge of 500 cms is exceeded 10 days
per year on the average. Floods originate from long
duration frontal storms in the winter-spring or from

intense Mediterranean events in the fall; 75 percent of
floods occur between October and March. Floods orig-
inating in the Ain are usually responsible for flooding
in the large metropolitan area of Lyon downstream
(Bravard, 1987).

The study section of the Ain involves the lower 40
km of the river after it flows beyond the mountain front
onto a plain of glacial outwash. This section was
impacted by the outermost glaciation (Wiirm) down
the Rhone River 15,000 to 20,000 years B.P. Till
(morainic blocks in a clay matrix) are overlain by
outwash deposits of sand to cobble sized sediment. A
series of four terraces, late Wiirm to Holocene in age,
have been cut in the outwash, Wiirmian till, and under-
lying molassic sandstone (Mandier, 1984). Outwash
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gravel is mined on the floodplain and lower terrace, but
not in the active channel, in contrast to many other
French rivers.

The modem alluvial plain of the Ain River is 200 m
to 1200 m wide, depending on the controls imposed on
lateral reworking of local outcrops of molassic sand-
stones or Wiirmian till. This modern plain was probably
shaped by the braided Ain River during the 18th and
19th centuries. In constricted areas, the 100 year flood
does inundate low Holocene age terraces (2-3 m above
the floodplain) and even the early Holocene level ter-
race at Pont d’Ain ( +4 m). The only low Holocene
level to have been dated so far is located close to the
confluence at Loyettes (+4 to 5 m). On this level,
former courses of the Ain are still visible. They are
dated 1444, 1544 and 1673 on an old map dated 1781
(Bravard, 1986). The 1781 map reveals the relative
importance of river bed degradation since the Middle
Ages close to the confluence of the Rhéne.

The present-day Ain River is a single-thread mean-
dering river (sinuosity = 1.26) with a wide and shallow
cross-section. The gradient ranges from 0.0004 to
0.0018, the average slope being 0.00125. The steepest
reaches are controlled by outcrops of morainic sand-
stones and morainic cobbles or rounded blocks
exhumed by river incision. They alternate with long
flat sections where bedload is comprised of large gravel
and small cobbles; the ds, is 80 mm averaged over the
entire study reach. Bankfull width ranges between 40—
80 m. In places, modern bridges and motorways con-
strict the river and inhibit lateral migration. Moreover,
artificial cutoffs (constructed 1900-1930) and bank
revetments reduce the length of the river, increasing
slope and limiting lateral migration of the river. The
decline in reworking of floodplain alluvial by lateral
migration and the sediment trapping by the six dams in
the upper watershed have combined to reduce the rates
of bedload transport in the lower Ain (Fagot et al.,
1989; Bravard et al., 1991).

On the graphical plot of bankfull discharge versus
slope by Leopold and Wolman (1957) and another by
Brookes (1988), the Ain River plots in the domain of
braided rivers. Using the method of Richards (1982)
which relates stream power per unit channel length to
the ds, of the bed material, the Ain falls clearly in the
regime of multiple channels. Thus, the present-day
meandering channel pattern which prevails for the Ain
is not in equilibrium with controlling factors.

The development of vegetation on the lower Ain
River floodplain can be traced from the time of the
Little Ice Age (ca. 1830). From 1830 to 1945, the
floodplain was used extensively for cattle grazing and
fuel production. Because of the former use, these com-
munal lands were known by the local term * ‘brotteaux’’
which is Latin for grazing. The fuel production was
primarily in the form of poplar plantations. Panoramic
postcard photographs dated 1916 confirm the relative
lack of forest vegetation on the Ain River floodplain
except along the immediate river margin. Human activ-
ity on the floodplain decreased after World War I with
the modernization of agriculture on the lower terraces
and as wood was replaced by other sources of fuel.
After 1945, an alluvial forest progressively developed
because of the shift in land use activities away from the
floodplain. Alluvial forests tend to be found on deep,
fine-textured soils and include the following dominant
softwood trees: black poplar (Populus nigra), alder
(Alnus glutinosa), and maple (Acer spp.). An alluvial
forest of hardwoods can be found on coarse substrates,
including the following trees: ash ( Fraxinus excelsior)
and elm ( Ulmus minor). The shrub layer is dominated
by various species of willow: Salix eleagnos, S. vimin-
alis, S. alba, §. triandra.

Piégay (1995) states that the alluvial forest has
declined even before the installation of Vouglans Dam
in 1968 due to a drop in magnitude (if not frequency)
of floodplain disturbance, river entrenchment, and a
concordant drop in the floodplain water table. Addi-
tional vegetation clearing has occurred since 1945 due
to gravel mining, construction of campgrounds and
renewed wood cutting, grazing, and agriculture. Still,
the Ain River is recognized as one of the most pictur-
esque, unpolluted, and uncontrolled rivers in France
providing great attractions for swimming, fishing and
canoeing.

3. Methods

Maps of landscape units covering the 100 year flood-
plain of the Ain River were constructed for 1945 and
1991. The total area of the 100 year floodplain between
Pont d’Ain and the confluence of the Ain with the
Rhéne River is 32 km*. The 1991 map was compiled
by extending past mapping efforts by Pautou et al.
(1979), Pautou and Décamps (1985), and Pautou and
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Girel (1986). This work was accomplished using aerial
photos with field checks and two systematic surveys
along transects near Mollon and Blyes as described in
Newton (1995). The 1945 map was derived from inter-
pretation of 1945 aerial photos using the photokey
developed by Girel (1986). The 1991 map was con-
structed from an expansion of Girel’s 1986 map using
1991 aerial photos. Landscape units were classified
based on dominant life-forms of vegetation, species,
and substrate.

All available aerial photos for the post-dam period
were collected for the 40 km long Ain River study reach
between Pont d’ Ain and the confluence with the Rhone.
These included photosets for 1945, 1954. 1964, 1971,
1985 and 1991. A map of the river was constructed for
each year and registered to the UTM coordinates of
various highway and road intersections throughout the
map.

The vegetation and channel maps were then digitized
using ARC/INFO GIS software running on a Silicon
Graphics UNIX workstation. Using the ARC/INFO
union routine, the digital maps were overlaid to pro-
duce: (1) alandscape unit change matrix depicting the
percent of change in each 1945 landscape unit to 1991
units; (2) a map depicting the last year of channel
disturbance on the floodplain; (3) statistics describing
the spatial and temporal trends in lateral channel migra-
tion; and (4) statistics relating the year since last chan-
nel disturbance to 1991 vegetation. Finally, from the
matrix data, several indices of landscape diversity were
calculated to determine the cumulative effect of chan-
nel metamorphosis and direct human interference on
landscape diversity (Miller et al., 1995):

(1) richness (n): number of different landscape
units present;

(2) Shannon index (H) which combines richness
and evenness using the formula:

H=-Y [p;xIn(p)]

i=1

where p; is the proportion of the landscape in unit / and
m is the number of landscape units present. Large val-
ues of H indicate a more diverse landscape, combining
richness and relative evenness of landscape units
(Turner and Ruscher, 1988).

(3) dominance (D) which emphasizes the deviation
from evenness using the formula:

D=In(n)—-H

(4) reciprocal Simpson’s index (1/§) which meas-
ures the probability of encountering two patches of the
same landscape unit when taking a random sample of
two patches:

1/§=1/Y pi
i=1
Larger values of 1/S indicate a decrease in landscape
diversity.

4. Results and discussion

Ten landscape units were identified on the Ain River

floodplain (Fig. 2):

1. unvegetated gravel-cobble deposits, perhaps with
some herbaceous vegetation

2. sand. gravel, and cobble deposits colonized by low
willow shrubs < 1.5 m high; Salix spp.

3. sand, gravel, and cobble deposits with dense wil-
lows 1.5-5.0 m high; Salix spp.

4. abandoned channels with hydrophytic herbaceous
vegetation( Carex, Phragmites, Typha, Phalaris,
Filipendula) bordered by trees (Ulmus minor,
Fraxinus excelsior, Alnus glutinosa)

5. dense, diverse, mesophytic shrubs (Crataegus
monogyna, Lonicera xylosteum, Ligustrum lan-
tana, Ligustrum vulgare, Prunus spinosa, Vibur-
num lantana) with some softwood trees ( Populus
nigra)

6. mixed hardwood-softwood forest, trees >6 m
high, DBH > 15 cm; Populus nigra., Fraxinus
excelsior, Alnus glutinosa, Quercus robur, Acer
spp-, Ulmus minor

7. dry grassland with some willows and spiny shrubs
on sandy soils; Bromus erectus with Salix eleag-
nos, Prunus spinosa, Crataegus monogyna

8. very dry grassland on gravel-cobble deposits,
often bare of vegetation; Teucrium spp., Euphor-
bia seguieriana, Fumana procumbens

9. cleared land for mines, campgrounds, agriculture,
etc.

10. water (Ain River active channel, oxbows, back-
swamps)
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Fig. 2. Landscape unit maps for a portion of the Ain River 100 year floodplain near Mollon.
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Table 1

Landscape unit change matrix, 1945-1991, 100 year floodplain, Ain River, France

1945 Units 1991 Landscape units ( 1000 m?)

1 2 3 4 5 6 7 8 9 10 Total
1 166 47 103 77 789 740 37 160 85 357 2561
2 98 105 59 55 800 755 142 344 460 421 3239
3 217 90 89 191 1287 1654 134 314 343 725 5044
4 13 0 15 70 166 509 9 28 352 71 1233
5 45 86 388 37 1304 1257 216 621 417 387 4758
6 89 30 37 107 615 1385 136 109 316 190 3014
7 131 12 9 22 626 663 1093 413 3117 447 6533
8 37 26 29 6 429 29 174 596 87 187 1600
10 246 109 304 101 886 850 35 141 89 1253 4014
Total 1042 505 1033 666 6902 7842 1976 2726 5266 4038 31996
1: unvegetated gravel-cobble deposits; perhaps some herbaceous vegetation.
2: sand, gravel, cobble deposits colonized by low willows < 1.5 m high.
3: sand. gravel, cobble deposits with dense willows 1.5-5.0 m high.
4: abandoned channels with hydrophytic herbaceous vegetation bordered by trees.
5: dense, diverse, mesophytic shrubs with some softwood trees.
6: mixed hardwood-softwood forest, trees > 6 m high, DBH > 15 cm.

: dry grassland with some willows and spiny shrubs on sandy soils.

: cleared land for mines. campgrounds, agriculture, etc.
0: water (Ain River active channel, oxbows, backswamps).

—\O 00 I

The relative extent of these 10 units has changed
dramatically between 1945 and 1991 (Table 1,
Fig. 3). Water (unit 10) is approximately the same in
extent. This reflects the fact that the change from braid-
ing to a single thread channel probably took place in
the years 1930-1950. The Ain River developed irreg-
ular meanders across the former braided belt, including
extensive gravel bars on convexities. The unvegetated
and pioneer communities (units 1-3) experienced a 76
percent reduction between 1945-1991. Similarly,
abandoned channels experienced a 46 percent reduc-

30

»n
o

n
o

—
o

PERCENT OF FLOODPLAIN AREA
o I

o

LANDSCAPE UNIT
Fig. 3. Change in relative portion of the Ain River 100 year floodplain
covered by the various landscape units, 1945-1991.

: very dry grassland on gravel-cobble deposits, often bare of vegetation.

tion. These changes reflect the decline in lateral migra-
tion of the Ain River and the associated entrenchment.
The channel has become more stable and overbank
flows are less frequent and of lower magnitude than
would be expected without entrenchment and without
Vouglans Dam. Therefore, the disturbance of.the flood-
plain has decreased in terms of destruction of vegeta-
tion and deposition of new substrate on which units 1-
3 proliferate. Moreover, abandoned channels are
renewed by overbank flows on a less frequent basis,
allowing a more terrestrial type of succession to dom-
inate. The alluvial forest units 5-6 have expanded
greatly at the expense of disturbance-dependent units
1-4. On poorly drained soils, shrub-swamp commu-
nities of willow and hydrophytic herbaceous plants
have declined in favor of mixed forests of ash, alder,
black poplar, and oak. On well drained alluvial soils,
ash and oak dominated hardwood forests have declined
in favor of mesophytic stands of black poplar.

The encroachment of vegetation on gravel bars may
be partly due to the increase in discharge during sum-
mer since 1968. The increase in July and August is
motivated by the needs of fish (the salmonid Tymallus
thymallus) in cool water so that minimum discharge
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Table 2
Measures of landscape diversity for the 100 year floodplain, Ain
River. 1945-1991

1945 1991, incl. 1991, excl.
Unit 9 Unit 9
Richness 9 10 9
Shannon index 2.09 1.98 1.84
Dominance 0.11 0.32 0.36
Reciprocal Simpson’s 5.96 13.8 9.04

index

must now average 10—15 cms instead of the 5-10 cms
expected under uncontrolled conditions. This increase
in summer low flow may indirectly benefit the riparian
vegetation.

The dry grassland—shrubland on sandy soils (unit 7)
decreased 70 percent between 1945 and 1991 but the
very dry grassland (unit 8) has increased 41 percent.
The contrast can be attributed to the differences in sub-
strate. With the lower water table because of entrench-
ment, grasses are more dependent on soil moisture
holding ability. The finer soils of unit 7 are better able
to hold rainfed moisture than the gravel-cobble soils
of unit 8. Therefore, unit 7 has either remained as dry
grassland—-shrubland, been converted to alluvial forest
(units 5-6), or has been cleared for new human activ-
ities (unit 9). The very dry grassland (unit 8) has
increased because of the impact of the lower water table
on the other landscape units. Cleared land (unit 9) was
not identified on the 1945 map, although it should be
noted that land which had been cleared in the early
1900s had recovered to some other landscape unit type
by 1945. Most of the cleared land in 1991 had been
derived from the dry grassland—shrubland (unit 7) and
is being used presently for gravel mines, campgrounds,
renewed agriculture, motorways, and various commer-
cial enterprises.

Measurements of landscape diversity were calcu-
lated both including and excluding cleared land (unit
9) (Table 2).The calculations demonstrate that diver-
sity has decreased in terms of relative evenness of the
landscape units from 1945 to 1991. The alluvial forest
(units 5-6) and cleared land (unit 9) dominate the
floodplain landscape in 1991, with 63 percent of the
floodplain area. In 1945, no single landscape unit occu-
pied more than 20 percent of the floodplain. The
changes in relative coverage of the floodplain by vari-

ous landscape units confirms the direct relationship
between channel instability and landscape diversity
observed by Salo et al. (1986), and by Bravard and his
French colleagues ( Amoros et al., 1986, 1987, 1988,
Bravardetal., 1986). The Ain River appears to be more
sensitive to a shift in channel dynamics than the North
Platte in Wyoming, as reported by Miller et al. ( 1995).
The contrast can probably be attributed to the longer
history of human impact in the Ain system and the
added effect of channel entrenchment. Vegetation
changes on the Ain River floodplain confirm the rela-
tive importance of disturbance factors as controls, as
described by Naiman and Décamps (1990), Amoros
and Petts (1993), and Malanson (1993).

The decrease in lateral migration of the Ain River
between Pont d’ Ain and the confluence with the Rhone
River, as derived from the GIS analysis of channel
location is illustrated in Fig. 4. This figure demonstrates
the cumulative area eroded between years of available
maps declined. The change from a braided to single-
thread meandering channel has been accompanied by
vegetation encroachment on the channel banks and
entrenchment. Entrenchment of 1-2 meters is common
along the study reach, but incision approximates 3
meters near the confluence as an adjustment to down-
cutting in the Rhone dating to 1860. This entrenchment
began during the Holocene, but has accelerated in the
last half of the 20th century due to: (1) shortening of
the river by artificial cutoffs which has increased chan-
nel gradient; (2) construction of lateral embankments
which constrict the river, modify the cross-profile, and
promote a shortage in sediment supply by preventing
lateral reworking of floodplain alluvium; (3) stabili-
zation of riverbanks by encroaching vegetation, partic-
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Fig. 4. Area of the floodplain eroded by lateral channel migration in
the periods bracketed by years of available maps.
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Table 3

Area (1000 m?) of landscape units® in portions of the 100 year floodplain last occupied by the Ain River at different times. 1945-1991

1991 Unit Last year the Ain River occupied the 100 year floodplain

Never 1985 1971 1964 1954 1945 Total
1 665 50 194 83 28 22 1042
2 283 50 63 14 36 59 505
3 278 93 132 291 40 199 1033
4 382 35 99 60 80 10 666
5 5315 130 368 339 462 288 6902
6 5818 181 780 325 408 330 7842
7 1896 8 40 0 0 32 1976
8 2308 49 54 113 123 79 2726
9 5023 88 46 36 9 64 5266

*See text or Table 1 for landscape unit descriptions.

ularly alluvial forests; and (4) construction of
reservoirs which limits bedload transport from the
upper watershed. Gravel harvesting has not been
responsible for channel degradation because mining
has been limited to the floodplain and low terraces.

The decrease in lateral migration of the Ain River as
a response to the impacts of upstream reservoirs con-
firms the impacts observed by Marston (1993) and
Miller et al. (1995). In the absence of tributary inputs
of sediment to the mainstem river, the mainstem will
experience a metamorphosis from a braided to mean-
dering pattern.

The map depicting the last year of channel occupance
was used to calculate the area of each vegetation unit
in portions of the floodplain which had been occupied
by the river at different times (Table 3). These data
may provide some idea of the time needed for each
landscape unit to develop without destruction by the
channel. Of course, disturbance by flooding and sedi-
ment deposition are not considered in this analysis nor
is destruction by channel migration in intervening
years, two confounding variables. A chi-square analy-
sis using the data in Table 3 generated an overall chi-
square value of 5738; with 48 degrees of freedom, the
differences in frequency of each landscape unit by year
are significant at the p <0.00001 level. Some intriguing
findings are revealed. First, all 1991 landscape units
are found in portions of the floodplain which were
“‘never’’ destroyed among the years 1945, 1954, 1964,
1971, and 1985. For pioneer communities and distur-
bance-dependent units 1-4, this may mean that flood-
ing and sedimentation during floods are more important

than destruction by channel occupation of the flood-
plain. Second, for alluvial forest units 5-6, a period of
time without destruction by channels is clearly impor-
tant. Nevertheless, some alluvial forest units 5-6 are
abundant even in areas destroyed by channel migration
as recent as 1985. It is possible that these units were
able to ‘‘resist’’ destruction by the active channel. Evi-
dence for this was observed in the field during the
summer of 1993 in areas which had been occupied by
the active channel in 1985. Flood debris from a 10 year
flood in September 1992 was found in trees two meters
above the ground surface. The base of trees had been
scoured in some places and buried by new sediment in
other locations. In spite of these impacts,.the alluvial
forest was flourishing. Third, grasslands (units 7-8)
are primarily found only in portions of the floodplain
not occupied by the channel during the timespan con-
sidered; grasslands tend to be located far from the active
channel where the water table is low or where this unit
represents derelict land recovering from land clearing
in the last century.

The shift to a more terrestrial-like pattern of vege-
tation development on the floodplain following the geo-
morphic and hydrologic changes in the Ain River is
consistent with the findings by Marston (1993). The
relative resistance of forest stands to destruction by
channel shifting confirms findings by Baker (1990),
Marston (1993) and Miller et al. (1995). More work
is needed to quantify the thresholds of vegetation
destruction by floods, sedimentation, and channel
migration.
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5. Conclusions

The effect of reservoir construction, artificial cutoffs
and lateral embankments has been to trigger a shift from
a braided to single-thread meandering channel and to
accelerate entrenchment. The change in pattern and
entrenchment had begun during the Holocene but
accelerated after 1930 due to the forms of human inter-
ference listed above. With entrenchment came less dis-
turbance of the floodplain by floods, sedimentation. and
lateral channel shifts. In addition, the water table
dropped in elevation. As a result, the development of
floodplain vegetation was altered from a pulse-like dis-
turbance regime to a more terrestrial-like pattern of
vegetation succession. Terrestrial-like refers to succes-
sion in the absence of channel disturbance. Alluvial
forests and very dry grasslands have expanded at the
expense of pioneer, disturbance-dependent communi-
ties. A positive feedback continues to exist because
entrenchment leads to lower disturbance and vegetation
encroachment which, in turn, further restricts channel
migration and overbank flows. Only the presence of
large morainic blocks and sandstone outcrops in
selected reaches of the channel bed has put a halt to
entrenchment. In the case of the Ain River, landscape
diversity has decreased. It is apparent that one group of
changes (reduction of strong floods, bedload entrap-
ment, revetments, and artificial cutoffs) has sensitized
the systems to irreversible impacts from river entrench-
ment and vegetation encroachment.

This study has sought to separate the human impact
on linkages between channel metamorphosis, flood-
plain disturbance, and vegetation development from
change which would have occurred without human
interference. Accounting for these linkages for the Ain
River between Pont d’Ain and the confluence with the
Rhone River has demonstrated that the geomorphic
heritage of channel metamorphosis is the change in
ecological impact of floods and channel instability.
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