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Traditional measures of biotic indices (o, B, 8) from phytosociological relevés are used to compare
diversity at three scale-levels in the upper Rhine valley (Alsace, northeastern region) and the middle
Loire (Bourgogne, central region), France. Both study areas include a tributary. The Ill, which is the
Rhine tributary in this sector, has no forest communities in common with the main river because of
opposite hydrological and edaphic characteristics. This is not the case in the Loire valley, in which the
fluvial characteristics are close to those of its tributary, the Allier.

Nearly all forest communities (12/14) were shown to be species-rich, due to the role of natural
disturbances. Species richness peaks in late-successional forests of the Rhine valley (for example, up
to 50 woody species in Querco-Ulmerum). Sixty per cent of the forest-communities are common to
the two floodplains, which explains why 85% of the families, 65% of the genera and 55% of the
species are in common. Compared to the Loire valley, the Rhine valleys shows higher biotic
diversity. This was related first to its geographical situation, and second to higher landscape
heterogeneity. Human disturbance through river management is responsible for changes in species
composition as shown by floristic comparison of flooded and unflooded sites. Insularity of natural
forests among man-made landscapes is involved in species diversity. In order to preserve the natural
diversity of such rich landscapes, floodable areas should be recreated and the attitudes of foresters
should evolve accordingly.

Keywords: species richness; alluvial forest; Rhine and Loire landscape; fluvial dynamics;
conservation

Introduction

Temperate alluvial landscapes of extensive river plains are natural non-steady state
systems characterized by short-term cyclic changes in landscape composition and diversity,
due to continuous reworking by river erosion, deposition and channel migration. Such
cyclical patterns, together with a wide range of soil conditions, regular fluctuations in
propagule immigration during flooding, aerated substrates, high nutrient and water
reserves, and relative climatic mildness in extended valleys, account for the species
richness, forest-types and successional stages which have been recorded along the Danube,
the Rhine, the Rhone, the Loire and the Oder (Wendelberger, 1952; Karpati and Toth,
1961; Walter, 1979; White, 1979; Carbiener, 1983, 1984; Passarge, 1985; Grubb, 1987;
Schnitzler, 1988; Pautou and Wuillot, 1989; Schnitzler, 1995a, b; Loiseau, in press).

This study presents a synthesis of floristic and phytosociological researches carried out
from 1980 to 1995 in two big floodplains in France, the upper Rhine valley (Alsace, north
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eastern region) and the middle Loire (Bourgogne, central region), about 500 km apart.
Both areas include a tributary: the Ill in the Rhine valley and the Allier in the Loire valley.
Detailed descriptions of the forest-communities and habitat type (soil gradient of texture,
drainage, geochemistry) as well as interpretations of the sylvigenetic processes and plant
migrations has been published previously (Corillion, 1957, 1989; Schnitzler, 1988:
Schnitzler et al., 1991, 1992; Schnitzler, 1995a, b; in press a and b).

The aim of this paper is to compare regional biotic diversity in the two landscapes, which
are characterized by natural strong fluvial dynamics but which differ in regional climate,
soil gradients and human influence. I use traditional non-spatial diversity measures a, B, &
(Whittaker, 1972; Wilson and Shmida, 1984) within forest diversity and range of species
variation among forest communities of the two floodplains.

Study area

The Rhine and the Loire plains are geologically young areas which have been subjected to
climatic and tectonic change during the Holocene (Delance et al., 1988; Striedter, 1988:;
Vogt, 1992). The natural dynamics of the Loire and the Rhine were defined as a series of
braids and anastomoses (Maire and Cloots, 1982; Carbiener, 1984). During the Holocene
and historic periods, the Rhine and the Loire morphogeneses have resulted in complex
morphological and sedimentological patterns (terraces, backwater depressions, ridges), all
laid down either over gravelly deposits rich in carbonates (Rhine), or over sandy acidic
deposits (Loire), which retains an ample water table. In the Rhine valley, the deposits can
locally reach a depth of 140 m, whereas they do not exceed 6 m along the Loire. Details of
the climatic, hydrologic and sedimentological environments are presented in Table 1.

In the upper Rhine rift valley, the study area is located between Colmar and Strasbourg,
The area mainly concerns two alluvial units: the eastern annual Rhine high-water bed and
the western Il floodplain. The Rhine rises in the Alps and the Ill in the Jura. The Rhine
high-water bed is a well-drained area, characterized by summer floods and calcareous.
light-textured deposits. Embankments 2-3 km distant from the main channel were built in
the middle of the 19th century. The Rhine was then canalized from 1950 to 1970; this has
eliminated morphogenesis and links between the river and the adjacent forest ecosystems.
The Il floodplain, which runs through a western Rhine tectonic depression, is poorly
drained with neutral, even-textured deposits laid down during spring and winter fioods.
Fluvial activity is still present despite local embankments, and all the forests are under the
influence of the present floodplain.

In the Loire valley, the study area is located between Villeneuve/Allier and Charité/
Loire. This area corresponds to the confluence zone between the Allier and the Loire,
locally called ‘Le Bec d’Allier’. Both rivers rise in the Massif Central and flooding periods
can occur from winter to the beginning of summer. The Loire and the Allier are not
canalized, but they were embanked during the 19th century at a distance of 100-200m
from the main bed. The Loire and Allier are characterized by a great irregularity of fluvial
dynamics (see Table 1), as well as a great abundance of sand. This landscape is therefore
particularly unstable, due to rapid changes in relief.

Upstream of the Rhine and the Allier barrages have been constructed, which constitute
another limit to natural fluvial dynamics. Following all this river management, the general
level of the water has decreased in both alluvial landscapes. In the Loire valley, lowering of
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water levels, coupled with absence of major floods for over a century. have favoured the
extension of natural sandy islands (Bomer, 1971).

In the two valleys, loss of natural forest cover (estimated through the total surface of
the floodplain, which was naturally forested) is considerable. In the Rhine valley, 40% of
the surface had disappeared by the end of the 18th century, followed by the loss of another
50000ha in the middle of the 19th century (Schnitzler, 1994). The remnant forests now
cover about 82 km”. In the Loire valley, loss of forest has reached 80% (Schnitzler, 1995b),
and the present-day area is only about 35 km®. However the forests are now spreading from
abandoned pastures and from the extension of the natural islands. Natural forests of the
two landscapes are in the minority, split into forest mosaic with different degrees of human
intervention. Sixty-five per cent of the 30 km’ along the Rhine floodplain are plantations
(Asael, 1991). Along the Loire, I estimate forests with a quite natural state at less than
5000 ha.

Method

I defined the vegetation types of the two study areas by the phytosociological method of
Braun-Blanquet (1964). Stand plot (40 X 40 m) was selected in the most natural forests of
the two floodplains. For each stand plot (N’ = 614 in the Rhine valley, N' X 168 in the Loire
valley) a species list of the vegetation stratum was compiled and the cover of each species
was estimated.

In order to assess biotic diversity, three scale levels were employed, which included
landscapes, communities and species level patterns. This choice follows the proposal of
Whittaker (1972). The first scale level (35-85km’) involved a comparison of biotic
diversity among the two floodplains of the Rhine and the Loire. Community richness.
which is a count of the number of vegetation types present in the two landscapes, was
calculated, as well as the number of common communities. Family and genera richness
were calculated as the total number of families and genera present in the two landscapes.
Species richness (y diversity) was calculated as the total number of species present in the
cumulative samples. 1 added the total number of woody elements as significant of
‘hospitality’. Beta diversity was determined for a transverse transect from the main river to
the edges. Two measures were used following the conclusions of Wilson and Shmida
(1984): B, = S/a-1 where S is the total number of species and o an average sample richness:
and B, = g + 1/2a.. B, combines the idea of species turnover reflected by the gain (g) and loss
(1) of species along the geographical gradient.

At the second scale-level (20-50km?), non-spatial measures of biotic diversity (i.e.
community, family, genera and species richness) were determined within each floodplain,
among the main two rivers (Rhine and Loire) and their respective tributaries (Ill and
Allier). B diversity was determined following the same geographical gradient (from each
river to the edges of its floodplain).

At the third scale-level (5-2000 ha), four measures of species richness (mean and total
number of woody plants and grasses; mean and total number of woody plants) were
calculated for each forest community in the two landscapes.
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Results

Fourteen forest communities divided into ten phytosociological associations were
described in the Loire and the Rhine (Table 2). Their ecological characteristics are
summed up in Table 3. Early and mid-successional associations are Salici-Populetum
nigrae, Fraxino-Populetum albae and Ligustro-Populetum nigrae. Along the Rhine and the
Loire, the late-successional stage is represented by four main sub-associations of
Querco-Ulmetum. The Rhine forests also include Pruno-Quercetum, which occupies
ancient alluvial terraces situated at the edges of the highwater bed. The Rhine and 111
forests have no common community. The Il forests were divided into four associations,
Carici-Alnetum  glutinosae, Pruno-Fraxinetum, Alno-Carpinetum and Stellario-
Carpinetum, which are distributed along a hydromorphy gradient. In the Loire valley,
Carici-Fraxinetum can be considered as a variant of Pruno-Fraxinetum.

Most forest communities are common to the Rhine and Loire landscapes, which
explains the fact that 85% of the families, 65% of the genera and 55% of the species are
common to the two valleys, despite the geographical distance and the differences in
climate, substrates and hydrology (Table 4). Compared to the Loire valley, the Rhine
valley shows higher community richness, as well as a higher family, genera and species
richness (Table 5). B diversity is higher in the Rhine landscape.

All forest communities of the study areas are species-rich (Table 6) except in swamps
(Carici elongatae-Alnetum) and gravelly, dry terraces (Stellario-Carpinetum). Richness
peaks in Querco-Ulmetum in the Rhine floodplain, with a total of 51 woody species. This
total falls to 37 in the Loire valley, in which many species are lacking (for details, see Table
2). Noteworthy are the differences in species richness for Fraxino-Populetum albae
between the two valleys: a total of 111 species along the Rhine, and only 25 along the Loire.
The number of woody species is two-thirds less along the Loire and likewise for the
comparison between Pruno-Fraxinetum and Carici remotae Fraxinetum.

Salici- Populetum nigrae on the contrary has a higher species richness along the Loire
and the Allier. The differences between mean woody richness is particularly striking: 4.1
along the Rhine, 10.3 along the Loire.

Human influence can be quantified by comparing measures of species richness between
the flooded sub-associations of Querco-Ulmetum (populetosum and typicum) and their
equivalent outside the dykes, in which flooding was eliminated 150 years ago
(carpinetosum along the Rhine, loniceretum along the Loire). The decreasing number of
species is particularly high in the Loire valley (Table 6) where the fluvial dynamics is more
active than along the Rhine.

Discussion

Differences in biotic diversity between the Rhine and the Loire has several explanations.
Firstly, the geographical position is responsible for the absence or limitation of many
plants. The particular position of the Rhine rift valley between two parallel mountains
(Vosges and Schwarzwald) explains the presence of both continental and alpine species
such as Alnus incana, Prunus padus, Tilia cordata, Cornus mas, Daphne mezereum, R,
nigrum, Ribes rubrum, Salix daphnoides, S. eleagnons, Anemone ranunculoides, Asarum
europaeum, Carex alba, C. ornithopoda, Corydalis cava, Equisetum hyemale, Pulmonaria
obscura (Carbiener, 1970; Schnitzler, 1988; Schnitzler et al., 1992). The geographical



~ (4 ds snip
k +1 11 : ‘ " BLI2SUT snsspdouaye SBDBUA
N TI 11 +1 +1 11 ) +1 +1 A TA TA TAL TAT TA  TAI 1A BQENA SIIBUIS[T) seapeuonideq
= . . ZA . . . . . . . . . ' . . : ‘ wnuawApued ooy seeseijojude)
.m T ZHI TA TAI Al tll (A1 T1I +11 11 £ AL EA TAl TAI A TA Tl 1A X1y eI9poH IBIBUBIY
<O T SYHIAITY AdOOM
“ €A : T1 (A 1A H I T 11 TA ¢ TAl TAI €A €A z1 21 Jouiw snuiffy
’ . ) (48 L1 T TAL +AI +1I TI CII 2l TAI +III Z2HI tvAI StaaR] snupny
TIL + 1 ) : +1 +1 . +1 +1 +1 ' +1 +1 : +1 viqe|d snuiyp) oradBWIN
+1 ToTA I 11 1T L ' : : +I S ’ sofpkydAerd ey,
) ! ) ) ) . [ +1 +1I +1 TA 11 T +1I BIBPIOJ BI[LL QeIVBIL],
+1 +1 11 ! ) . . ) ) 3ely X1[eS
+ 1 (415 11 (W18 (13 TA ’ : ) +1 i +1n 11T €A eqle xTes
' ) : : : : : I 11 LI +1 +1I . +1  +10 ) ) enwan snndog
110 T1I T Al TII TA A CTA : : ! +1 +1I +I +11 +0O 1II £A TA exdw snjndog
€A : T : ) : : 11 +1 +1 +1 I 1 n A +1I T eqpe sajadog QEDBILS
. . . . . +1 . . . +1 . : : 1o35e34d Snaky
: TIN  TAI €A €Al TN +1II TII 1AL TAL +1III TAI snped snunig
T AT TI +1I I +1 T I +1 . +1I +1 +1 +1 +1 +1 ) : WN(AE sNuNIg
: +1 +1 . : ! : : + 11 +1 + 11 + 1 + 11 + 11 + 1 SLIISOATAS STEIN 9B20BSOY
+1 +1 ¢II (4} T TII +1 +1 +1 +1 +1 +1 +1 +1 11 11 epeoepnasd eruqoy aedopuoideq
(A1 VA o1 ot TII < TuI €A €A LII €A TA €A €A €A TA TALI TAI JOIS[e0X2 SNUIXEL]
" N : T1 . 11 T1 ° : " . : ‘ N - - N : m:D.«_.-m:me SNUIXEI BRI
) 111 11 i1 +1 +1 +1 +1 +1 +1 +1 +1 e1301 sugjng Qeadepue[En[
THI CII €A €A €A TA (411 TII ) 111 A TA TA A A TA A : Inqox snorond seaoede,]
) OTHT 1AL : 11 +1 ) VA LA 111 ) 11 I TAl TIO T 111 +1 snymeq snurdie)
) ) : : : +1 +1 ) +II +T1 +III  +1I +1 TII [A : e[upuad enieg
I T v AL +1 +1 +1 TII T TAI TA T euROul SnuUy
111 +1 : +1 (43 Al €A YA . +1 : +1 +1 +1II : 111 esounng snujy seadE[MIdg
I 1§ 1L +1 11T : 11 Iy +1II ) CII 211 (A1 T +1 LT (415 T snuejejdopnosd yo0v
[44 T 1 I TAI T1 +1 : : +1 +1 +1 +1 +1 +1 : ’ soprouejerd jaoy
: : : +1 I 11 eI . : : : +1 ) opungau 100y
TII ) : + 1 +1 T TAI TII TA TAI I 111 III anssdures 100y JEBIDY
SHAAL
€ o1 S 14 9 61 e LS 8 8 e €1 4 61 143 0g 8y 0sc L 1Z  PApIOOAT SpuUE)s JO IaqUIMN
g g 5 2 E 2 3 3 uoneRosse-qus
E oz B E : ¢ B oz
g H s g g 5 §
g £ g B
M ] e m g m M m MM Wm MW Jm W W mm g m M 2 m m M M UOlBIO0SS Yy Aprure,
3 ] & 3 g &g g2tz g &g S g g 2% 2 &R
e g8 g 2 g4 go mw =° g3 Ele mo m 2 £ Egg go
A = ° g8 ¢ f&§ § 2 4 e ° 26 ZE 3
g 4 £ g g g Z Z g £
HIITIV AHITIV/AIIOL T HNIHYA NIVIdIGOOTL

74

0661 I2JI0PIeqQ " :20U2I2J01 INJBOUITION

X (y961) 1onbueig-uneg o1 Surprosse 931dap souasaxd Jo opoy) ‘sAI[[RA Q1107 PUER SUIYY A} UF SONIUNUIUIOD 1S310] Jo o[qe) dndouks 7 dqer,



749

Landscape diversity of French forests

+1 +1  +1  +1  +1  +1 +1 wnaedoins wniesy
+1 21 11 11 +1 11 ! ' . . . . : ) +1 SHOBWRI[S BIYOOJOISLY  IBI0RHO[0ISLY
* - M . N " +1 + I +1 : eur[3jeyosowt exopy 3LVLXOPY
SASSVAD
+1 +1 edsuo-ean saqry
vl vl II 1 +1 €1 I +vI 4 +1 +1 +1 +1 +1 +U0l N wniqr sagry
: : : : : : : 11 eIl : : . : : . wnidv saqry aesoedesjives
11 11 : ’ SIBUTUA XI[eS
. 11 : ' . eIpuel) xyeg
11 T +1 +1 11 11 eandind xipeg
: : +1  +1 +1 T +1 sugduBi xijes
+1 B B | oI soudea|s xres
: 4D+ 11 sapiouydep xnes 2e30RDN[ES
N N + 11 +1 + 1 +1 + [ : N wnatazaul u:-—@mﬂ Ouvuno_o:bmﬁ
T TIH €Al THI  ZHI 11 11 +Al +HI +1 T : : : : SOSEONONIY snqMy
(A1 (A1 TH : (4 zI I 111 : i A A T TAI TAL €Al €Al : snigaed snquy
1911 ©O1A I YmoYmr 1m Ti : : : +1  +1 41  +1 S S SR | BUILERD BSOY
: : ' ' ’ : : ' +11 +1 41 +1  +1 +1  +1 : SISUOAIE BS0Y
THI T TAI ZAI TN TII 10 ZO ’ 11 +II TAI YAl IAI TAI TAl CTA 11 esourds snunig
TA TA TA TAl TA ITA I T +1 +1 +1I : ZA IA TA TA TA TA TA W vukFouour snioeer)
: : : ) ) : ) : + Al TAI I I : : . ! ) : : : e1e31428] SR3IEIBID) S830eS0Y
1 +1 +1 11 : : : : +1  +1 10 +1  +1 o+l SRODIeY1ed SHULEYy
: : : . . + 1 +1 11 +1 +1 +I1I 1HI snufe endues] JLIDRUBYYH
+I TIHD  TIl CTIl TAL CII €I 11 11 TL TAI 1Al TA TA TA TA TA 11 a1eSna umnsnfry 2820830
TAI TII TAI T ZI0 21 ! I TAl ZTAI TAI ZAI ZAI A A ZA TA TA ZA YA eaum3ues snuro)
' : : : : : : T+l +1 : T+ +I0 +11 +1  +] ’ ’ B SRUIO)) 2B30RWION
I TA TA THI 1AL 1Al 1H 11 +1 +1 +Al TAl THI THI TID THI Z2IH THI snaedomns snui{uoag SB0RNISEIX)
: o1 ) : : ) 8] [0 11 +1 +1I 11 +1 +1I I tm 1T zi snndo wnwangig
+1 TIH  +1  +1  +1 : : : : T +1 1w 4+ +0 11 : : PURIUL] WINLINGIA
O CTAL TAI THI TAI CAI TII ZTAI +1 TII 11 T +1 +1 : +1 TII i+ i e131u snonqureg
: 41 : : : : +1 TAl  +1 ’ TA  TA 1Al TAL 1Al 1Al T +1 WnaSOpAX e1omo]  seadeljopude)
: TI 11 + 11 A TIII TAI A TA TAI TAl TAI TA +11 BUE[[oAE SN0 JeVEMISY
: : : : : : S+ 1 41 +1 +1 1I : sued[na suaqiog  9ea0EPLISQIAg
SHNAHS
+1 +1 +1 +1 +1 +1 11 111 wnqpe wnosip JeddeyIuRIO]
SALAHdIAE
€ o1 S v 9 61 14 LS 8 4] ¥ 3 8 61 S o€ 8  0SC L 12 P3PIOOLI SpUEs Jo Jaqumy
g g 3 g B & uoleosse-qns
B '
H 5 2 H § 3
P P
B
3 o B ¥ oBon oo g T BB oy e
2% Lz g Z s S5 3L 38 &z FF &% g gk 25 23
H m 2 g 5% ¢ g g H z H
AAITIV ALITTIV/FEIOT T INIHA NIVIdAOOTd
(panunuo)) -z 3iqey



Schnitzler

750

) 11 [A TII A TII [ 11 T + 1 +1 +1 +1 . +1 WNURNIIGOS WNINEIdD PeIVRIURIOD
. . N . . . N 1T v . +1 . siuuaIad S1eLNoISA
11 11 Tl ’ : : : +1 seisstred4Ao eiqroydng
: : : : T +10 11 +1 +1 . saprorepSiwe erqioydnyg  orooeiqroydngg
) . 11 n ¢1r 11 ‘ aewady wniesmby seupesmbyg
+1 : : +1 +1 +1 +1 I 111 11 snsopid snoesdicy owoeoroesdi(y
T TI - T1 T1 ’ . . + 11 TII LI 1IN ‘ +11 +1 : SIUNUILIOD SNWIRY,  JBI0BSIOISOL
’ 11 11 : + Al TA  TAI +1 TA  TA TAL TA TAI  TA 1IN TAI eoneAAS xo1e))
: : ’ : 11 1 11 . . . M ¢ § +1 . . esodins xo18)
€11 ¢II +1 11 11 €1 CII 11 . : oo+ I : BJOUID] XJE))
) ! : . . ! . . . +1 TAI +1 + I +1I epodoyuio xore))
: +1 +1 TAI +1I ¢l A ' ©IOR] Xa¥eD)
\ ) ) : Z1  TA +1 +I  +1 I : BqIP X920
: 11 (2SR} B4 11| +1 +1 +I1 111 +I1 +AI 21O SIWLIOINNOE X31e)) oseaoriodd)y
’ ’ i 1 zI ) ’ ’ : . : ' : sisujerd auiwepie))
! +1I i1 11 : . +1 ZII + 1T suanedun suMIEpIR)
i ! ’ [ : ’ : : . : : BUESU] BOIS}IOY
TCTAL TI TII CTAT +1I (311 +1 LI [l +T +1 +1 +1 +1 LII . U ejejonad euerry seIsjonI)y
: : 11 ’ 1 [4 1) . : . : : : : : +1 +1 ZII wnidos SONAJOAUO)  9BIDB[NAJOATIO))
+1 11 T1 +1 . : +1 +1 +7 STUOJ] SUSP WINJBXRIE],
11 [2 SR | SR i : : +1 +1 + T 1O +I0 TII TII eajuesi3 odepros
' ’ ’ ’ i ’ ’ +1 +1 +1I +1 +1 +1 TIsyony o1dUSY
: ’ +T1 : . . . : . : . . UINDITBAIAS TUNISRISTEH
: TI . : : +1 +1 +1 : wWnulqeuued wnLojednyy
: 11 11 ' : : . +1 BSUDAIE WINSIID)
! ' ) 11 . . . SITRSNA BISTWIALIY
) TI TI 11 : : . +1 +1 +1 edde] wnnory seopsodwoyy
Z1 ’ . . (413 +1 ) : . . - ©01SO[0Y BIIE[[0IS
' 11 11 : : : ' ofeudyjo etizuodes
! 11 : 1 +1 +1 : : - wnuqn wniipuepy seaoeAydolie)
) : : TIX TI LI TII urageyoey) enuedue)  seoseuedwe)
. R . . . . +1 +1 +1 11 11 +1 +1  +10 sfeupyjo wnAyduig
) ' +I1I TN T1 +1 ’ ’ : ’ ' : ‘ BINOSQO BlIBUOW[N
+1 111 11 €1 €1 : . : . : ’ . eropfuo) eLreUOWINg oraoeuISeIoy
’ ’ i i : 11 [4) [4) : +1 +1 Z1 +1 +1 erofared susnedury
. 41 : . +1 ¢II 111 : ' +1 +1 (A1 +1 Z1 2198ues-fpou suspedury
: ) : : 21 11 +1 (A1) +1 +1 T o+ +I1 TA el1oJInpue|3 suonedw]  SewsorunuUEs[eg
€ [ S 14 9 61 ¥ LS 8 8 e €l 8y 61 123 0 14 0sZ L 1 PapIOoRI spuess Jo JaquinN
W m m M m m{ ﬁm M UOIBI0SSe-gNS
g g g 5 g g
g § §
= oo (= =] gl b o9 a» ] >0 o =] = bl el v 11236
¥ 5% A S5 S zR 3E :E Bz gE £ £ 52 g5 Ef ronERosy e
& =4 m 2 IS8} =0 S 390 % za 2% [l 2 g e =1}
I g 8 mE 8 5 & g &° 2 8 B2 k3 &
~0 -3 =
s 2 £ g° ¢ g 2 2 % g £ £ g° ¢
Z g £ K g = = 2
YAITIV AITIV/AALIOT TH ANIHA NIVIdadOO11

(panunuo)) "z AqeL



— T II1 181} 11 11 + 11 +1 +I1I +1I1 +1 +1 snaumgues xawny
<7J . : : . . 11 . - . . euesisiad wnuodLjog seaoruodhjod
: cm BARD m-—dﬂbOU un@umhuzwn—m&
: +1 +1 +1 +1 +1 E1[0}Iq eIdYjuRie]d
. g +1 +1 +1 +1 eaindind spI1Q
+1 +1 +1 +1 +1 +1 +1 +1 BIBAO BID)SI]
: . : : : : . ' : : +1 +1 +1 +1 : suuoqa(ay stoedidy SROOEPIYNIQ
TA €Al Il Il o I (A1} +1  TAI A TA (116 +1 +1 T TAI +1I + Al BUBLIIN BIBIIL)  SBIIRINIOUIO
|8 i | : 1 11 11 9] ' ' +1 +1 ' : ’ : +1 +1 |91 [ndnj snungy q ]
. . . . 11 11 + 1 +1 . . . +1 BLEBDI[ES WIYIA] Je3oRIPA]
’ : (4011 : : [ S VB 81 : : : : eIjo}Iq B[iog
T +II +1I CA 111 TAI INI TAI 21 [t wniognmu wneucijod
: MU 5 SN 0 | S | THI ZA TAI IAl TAI ZA +H +1 ejojupenb sueg
+1 . ' . : : . : +1 +1 . L sasooeopnasd suj
: €Al € i 11 I (| +1 ) ) : BUISA BUEDL]
| 9§ 1T Il . : A  TA T THI I +MUI + I +1 Siferews eLIg[[eAu0D)
T rII 194 TII T +1 +1 T Al A 11 FIN TAI TAI 11 I i 111 : 111 wnienoeul Wnry
N | | ' €1 ' ' ' T vAl +1 . TA TIN I Im  zZA 111 +1 +1I WINUISIN Wmy[|y 28RN
TAI T CTAL 1l CIH TAI 1 (413 +1 CTAI THI TAI TAT 1AL 11D TAL TAL TAL TIHI T1TAI eaneAihs skyoelg
I vl v : II TAI ZIN €A ) +1 +1 +1 ) : ) : + 1 +1 : +1 wnjgmoew wmue|
’ : : : : ) ’ Al TA TAI THI +I1I +1I +1 |81 +1 ’ uojopqoa(ed umiure |
€A €A THI THI €Al €Al €Al VYA TOTAI TA A 1AL CA  TAI 111 A I I TA B3DBIIPIY BUWOYDIL)
+11 I +HI 11 11 +1 il +Al +1II I +1 +1 +1 +1 +1 +1 ’ : 13 sisdodfen JeadeUIe}
N N N . N " N +1 ‘ N ‘ ‘ : " N N " mwo_.-n— BnZzn] agavedounf
YA LI enr  zmm v I 811 T1 ’ : : n +1 ZI sfpeJotau eoq
: : : : €1 (4 ) (4 n e : ) ) stnsnfed gog
' ! 11 2l zul ! I (41 +1 Z1 eadeUIpUnIe SUBTEYJ
. ) i + 11 + 111 : : +1 : N wnsnyye wnifpy
11 + 11 +1 +II  +0 +1II +1 steInu eSS
i ’ : ’ : ! ' + 11 18 BIOgIUN BN
+1 - ° : N N : N N ’ snjeue| snoy
(42 SRR § SRS S & I I TAI +1  +1 411 +0 +II +1II + Al e2yuedi3 eanisag
a 11 Zin ZI 191 TOTHI TAI TAI ) T1 111 i1 n +1I +I1 +1 esolidsaes ersdureyosac
ﬂ . . 11 11 + 111 +1 : ' +1 ' ' ’ : . ' : eerowofd skeq
N . : : : : : : m +1 : 11 SNSOWEI SNWoIg
tOj €A CTII ¢TI TID TAI il I A TAL CA  TAl TA ZA TAI ZA €A TAL wnonealds wnipodiyoeig sgauUnueRI
=
m € o1 S 14 o 61 14 LS 8 8 123 €1 24 61 145 [:3 14 0sT L 12 PIpIO3I SPUEIS JO JaqUMN
W
r" g £ S 3 m E 3 2 UONEII0sSE-NS
4= § 5 2k ¥ 8 FE
S B g 55
.W/ 5 5 8
1S Ie] c Q =L 34 on ap = >0 oz = o [ v w» UOTIBIOOSSY Ajrureq
> % B P F R ogmoBRE o2 P BEE
g gE %8 73 £ ET  3f 2° 58 5§85 28 g3 £ E9 &9
d° g S ds g gz 3 3 = a 2 ¢ 28 2
N = d g g gs ¢ 2 S g 2 g
2, H 2 g g =
=
M Jarrv YAITIV/AYION T ANIHYA NIV1daOOTd
]
=
3 (panunuo)) -z ajqeL,



Schnitzler

752

111 [4114 11 +1 Il TA 1A LII T TA TA A TA TAI +HI +XHX +1 BUBIIDRQUIYDION B[OIA
TIII +1 : |11 T zI 11 . . ' ' : . : +1 : +1 . : RIRIOPO BIOIA JVDE[OIA
11 T TI . LI 11 11 111 Al . + 11 11l SI[RUIOYJO BUBLIS[RA ~ 9VOORURIIS[EA
[ TOTAL LI TA €A €A PA +1 ZUl  tA +1 +1II + Al BINOIP VI ELE Rl
’ +1 ’ : 1! LI (4] 11 . ’ : . : : . . eowode! siog,
i i : ) ’ +1 +1 Tm 1o 1 1T TII eordoIns emoLeS
11 + 1 1T TII i +1I +1 +1 +1 ' +1 Tn +1I . : +1 wnypuods WNSPESH
: +10 11 11 1 11 +1 z1 LI TAI TAI o 1m +1III +1 TA SLISIA[AS eoyjafuy
’ ’ : ) . ’ ’ +1 +1 +1 +1 +1 +1 . +1 rueIepod wnipodofay JRIJIQUI]
+1 +1 +1 11 ‘ : : . : + 11 +1 111 RIBWBO[NP WINULR[OS JBIOBUR[OS
11 11 11 +1 : I zZHnr 1iln 11 11 11 +1 +1II BSOpou ELEINJ01IS
. : . . + 11 . . : : : . ‘ . ssuoerd wmikdweey  seedruRINIONS
+1 +1 WNDRALAS WINI[D)
. ) ) +1 : . WNJRIOPO WAYRH)
211 (411 11 il €I 11 +1 +1 TAL +1 ¢l +1 [ suede wnies
: . . ) . . . . : 111 11 11 111 T+ > wnqe waijgn sradRIqNY
: TAI +1 ! . ! . : . . STLID1S. BjU U0
TA TA  TA TAI TA I (4] (A I TA TA TA (A +1 +1 (A1} 11 111 wnueqIn wnagon
. . . . . - . . + I +1 +1 . T AL +1 +1 : +1 : . BOSIA BLIESRILY
TI : 111 THI (81} +1 +1 . 11 +1 +11 elrewn ejnpuadifyy 2B00ES0Y
+1 +1 (A1 T1F : . : : : . . 71 suador snjnounuey
’ ' . : +1I I T1 +1 : SIUODLIE SHNOUNUEY
i ) . . 11 11 +1 SNPI}20] SNIOQI[IPH
11 +1 : . : . . SOPIO[MAUNUET JUOUIAUY
TA TAI . TA TA TAL THI TAI 1 +1 + 1 BSOIOWOU QUOLURUY  QRAOBINOUNUEY
TOTAT 1T +1 +1 : + 11 +1 : . Ioneld e[nuwiLg
11 ’ : . . . . +1 steSnA BIyoRIISAT
T1 +1 | TI +1 +1 1 +1 +1 RLIR[OUIIINU BIYOBULSAT
: +1 11 : : : . . snoedomas sndook SeadR|WLL]
) . 111 +1I +1 +01 eueisnyes suaydokig
+1 +1 +1 11 T1 T . : : +1 seur x1y esaldodi(y
: . : : + 11 T in i + 11 : BUNUOY XNy WNLIAYYY  sesoeipodijog
€ 01 S 14 9 61 ¥z LS 8 78 Ve €T 8y 61 7Y (123 8y 0sZ L T2 PopIODSI SpURIS JO I3GUINN
g ] 3 3 m g g 2 UONEIIOSSE-qTIS
i & & E 55 FE
g B 7 3 - L
g g m g
bo-le] mo = (=] R oW nw [e] feoec el o] bl o "W BT
mm mm £ g mm mm wm mm mm mw mw m m mM 3% mm UOTIRIOOSS Y Aure,g
1 8 2 g2 Ed 3¢ 2° 23 52 28 g 0z E¥ £z g0
LI : 8 0 &g o5 & : 3 s %2 &
4 g Z 2 g0 g & = g S =
g g g g =
ALITIV HAITIV/ARIOT T HINIHY NIVIdAOOT1d

(ponunuoD) 7 QR



753

Landscape diversity of French forests

Iouim/Buurds ur 1894 £1943 Sy9oM 7-1
1yuim/Bunids w s1eok T A19Ag

Jo1uim/Burids ur s1eak G—¢ 1049 shep ¢—¢
I9juim/Surads ur s1eak Z-1 A10Ad shep ¢—¢
Juuds/1eyum ur s1eak ¢—¢ £19A2 skep ¢-|
1oyum/3unids ur s1esA G—¢ A19A9 sAep z—1
Jojuim/Surids Uy 1894 B SOUIN) [BISAIS SABD §—¢

1ouim/Burrds ur 104 A19A9 syoom Z-1

SIBIA ()G 10] papooyun

Ioyum/3urrds ur s1eok O A19Ag

1ojuim/Burrds ur s1894 G—¢ A19A3 shep G—¢
19)mm/3unids ur s1eak z-1 £1949 skep ¢—¢
Ioyum/Bunds ur s18oA G—¢ A10A9 skep 71
Iojuim/Suuids ut 1894 B SOWN) [BIIAIS SAvp g—¢

sjsuueyd pio

sooe113) Y31y Apueg

$90B1ID) MO[ Apueg

spue[st Apueg

$338113) MO[ AJ[IS

Spug[sl pue syueq JoAll Y31y A[[oaein
UOTIBAJ[O MO] JO SuBq JOALL Apueg

SElitit:lish (g)

$20B119] MO[ ApUesS

$90BL19) Y31y Apueg

$90v113) MO[ Apueg

spuejst Apueg

spue[st pue sjueq IsAll Y31y A[joaelo)
UOIIBA[O MO] JO SHURQ JOALI Apues

WMIUIXD4,J-a0I03UO]3 1914D))
wWNso211 WNgaLl)()-0343n7)
wnodq; wngawi}-024n)
umsoyamdod wngawyy-03.40nd
anqp wmando J-ouixvy
av481u wmapndog-o4isn81]
0481 wmapndog-1o1og

adi A
WNUIXD4,]-20I08UO0)3 19100
WINI24201U0) WNIW][)-0249n0)
winsod11 Winjaul]()-0249n¢)
wmordqy wimawy)-0o.0nYH
wnsojammdod wnpaui)-024ngy
a8 wnapndog-oa1sn8ry
0481 wniapndo J-19110§

alo

K9jeA 21107

Isuruns ut Spooy Jofepy

1o1u1m/Funads ur sdep g—¢
191umm/Surids ur syoom 7-1
Ioyuim/Burrds ur 1eok A19A9 syjuow g—¢

Jourwuns uf spoop Iofepy

s1e9A (OGT I0J papooyu)

sun(—ARN Ul s18a4 (O] A19Ag

sIeaA (¢ 10J papooyu)

sunf—AeJA Ul STBIA G—¢ 1049 sAep ¢—T
sun(—AeN U1 s1834 G—¢ K10A shep ¢—1
sunp—AeA Ul SIBIA G~¢ A10AD sAep 7-1
JOWwwInS Ul Jeak € SOWI) [BI0AS SABD §—¢

S90BII9} URTULINAA A[[OARIC)
$90B1191 MO Aij1s-Kake])

sppuueyd PIo
sdurems Kaker)

$90B119] 9UI0JOY AI[IS

SJBLID) MO Apues

s2oe119) Y31y Apueg

$30BII9) MO[ Apues-AIIS

$90B1I3) MO] Apues-A1Ig

$20e119] AIIS

uoneAdd Yy Jo $99e119) A[[9ArIn)
UOTIBA[O MOJ JO SYURQ JOATY

wmaudiv)y-oLjlaIs
wnpwdv)y-oupy
WMIUIDL]-OUNdJ
wmjauly av1p3uU0]a 19140

I
WNIOLINC)-0UNnd g
wnsouidivd wnmaur)-024ng)
WNSO121) WINIIUL) Y -024oN0)
wimadA} wnjaud)-02.49ng)
wnsomdod wmawy)-os4ang)
a0qv winpmdo g-oulxody
av481u wmapndog-o4sn8ry

avaBu wnamdog-19110§
: Uiy

Kojrea auiyy

aurdai Surpool

Kydei3oisAyg

UOTBIDOSSE JO SUIRN

skaj[ea 01107 pue durqy ays ui od4y uone)adaa 1ad (ey) eare pue (43oj01pAy pue Aydeidorsyd) £3oj007 °¢ ajqeL



754 Schnitzler

Table 4. Common biotic diversity among and within Rhine and
Loire landscapes; values are expressed in per cent

Rhine/Loire  Rhine/Ili Loire/Allier
Family 85 77 100
Genera 65 69 1.1
Species 55 59 1
Community 60 0 75

position of the Loire valley in Central France, open to Mediterranean influences, explains
the presence of Fraxinus angustifolia. Tilia plathyphyllos, Pulmonaria longifolia (Loiseau,
in press).

Secondly, the results are consistent with the physiographic, hydrological and edaphic
descriptions (see Tables 1 and 2). The Rhine valley has higher spatial heterogeneity and a
finer-grained mosaic of elements, which is due to the great differences in environmental
conditions between the main river and its tributary, the Ill. This increases the number of
vegetation units and their degree of contrast among edge habitats. There is no community
common to the Rhine and the Il forests, even if 77% of families, 65% of genera and 59% of
species are common to both. High f diversity in the Il forests reflects a high partitioning of
species between habitats, due to contrasted gradients (from swamps to very dry terraces).
The Allier and the Loire on the contrary are rivers of similar fluvial dynamics and sediment
characteristics, which explains the high similarities in biotic diversity. B diversity of the
Loire and the Allier is intermediate between Rhine and Ill floodplains, which suggests an
intermediate contrasted landscape. Among the edaphic factors, limestone and texture are
very selective. The absence of limestone prevents or limits the growth of calcareous plants
such as Populus alba, Berberis vulgaris, Corylus avellana, Lonicera xylosteum, Euphorbia
amygdaloides, Helleborus foetidus in the Loire landscape. But the presence of acidic soils
in the latter valley favours growth of Acer negundo, Evonymus europaeus (often of giant
dimensions). Lonicera periclymenum, Salix triandra, S. viminalis. Abundance of clay,
coupled with moist soils, favours the eutrophic geophyte synusia (Allium ursinum.

Table 5. Patterns of landscape diversity and community richness in the Rhine and Loire valleys

Total
Total woody
Community Family Genera species species B, B,
richness richness richness richness richness diversity diversity
Rhine valley 12 56 113 157 56 1.07 0.66
Rhine floodplain 8 53 107 143 32 0.26 0.26
111 floodplain 4 29 83 106 37 0.98 0.98
Loire valley 8 47 98 110 46 0.49 0.41
Loire floodplain 7 47 98 110 46 0.48 0.41
Allier floodplain 7 47 98 110 46 0.47 0.41

(1): B, = S/o-1 where S = total number of species and o = number of species in each of the samples. (2): B, = g +
1720 where g is the gain of species and 1 is loss.
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Table 6. Biotic diversity in the different forest communities of the Rhine and Loire valleys

Species Mean species Woody species Mean woody
richness St richness St richness Sw species richness Sw

Rhine floodplain
Salici-Populetum nigrae 81 18.4 31 4.1
Ligustro-Populetum nigrae 63 28.6 35 10.6
Fraxino-Populetum albae 111 28.9 47 159
Querco-Ulmetum populetosum 99 312 44 17.8
Querco-Ulmetum typicum 92 337 43 15.7
Querco-Ulmetum tilietosum 90 344 44 17.6
Querco-Ulmetum carpinetosum 84 348 41 16.7
Pruno-Quercetum 77 371 39 16.1
III floodplain
Carici elongatae-Alnetum 51 18 14 4.1
Pruno-Fraxinetum typicum 85 27.1 32 10
Alno-Carpinetum 87 35 32 13.7
Stellario-Carpinetum 41 16.6 12 43
Loire/Allier floodplain
Salici-Populetum nigrae 89 231 37 10.3
Ligustro-Populetum nigrae 78 23.7 32 9.8
Fraxino-Populetum albae 25 10 16 9
Querco-Ulmetum populetosum 65 24.6 30 13.4
Querco-Ulmetum typicum 71 24 28 123
Querco-Ulmetum tilietosum 41 245 22 131
Querco-Ulmetum loniceretum 44 255 25 16
Carici remotae-Fraxinetum 42 16 21 10

2 60+ 2

= ] B Upstream

£ 5 B Downstream

Q 4

o 40 1 -

H 4

G 30 4 o

o

a 4

") 20 -t
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° 101
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z ]

Rhine

Danube
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Oder

Rhine: from Strasbourg (France) to Mainz (Germany)
Danube: from Wien {Austria) to Gemenc (Hungary)

P6: from Novare to Messolla (ltaly)
Oder: from Breslau to Frankfurt (Germany)

Figure 1. Decreasing species diversity from upstream to downstream in the hardwood forests of

European big rivers.
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Scilla bifolia, Anemone ranunculoides (Schnitzler et al., 1991) and explains their low
abundance or absence in the Rhine, the Loire and Allier forests.

Thirdly, the scarcity of a community in one landscape and its abundance in the other can
constitute an explanation for the lower species diversity of Fraxino-Populetum albae in the
Loire (only 1 ha against nearly 100 along the Rhine) and of Carici remotae-Fraxinetum in
the Loire valley (only a few hectares) compared to its variant Pruno-Fraxinetum,
widespread along the 11l with about 1500 ha.

Fourthly, human influence is evident. Big floodplains were uninhabited early in history
(for the Rhine valley, see Striedter, 1988). Loss or addition of species and changes under
man’s influence in the functional and structural attributes of forests are difficult to perceive
and quantify. Nevertheless, we know enough to be able to say that the most likely response
will be an increase in the fragility of ecosystems. Increasing insularity of forests among
pastures, meadows, villages or towns has limited the gene pool of animat and plant species.
In addition, the remnant, often fragmented forests were managed for timber productivity.
Foresters fight natural structure and species composition by replacing natural states with
plantations, destroying lianas and underlayers, introducing alien plants (Acer negundo.
Robinia pseudacacia, Solidago gigantea, Impatiens glandulifera) and suppressing the
sylvigenetic phases of forest senescence and death. Nowadays, all the forests of the
industrialized countries have changed their species composition and structure to an
unknown degree (see Jones, 1945; Harris, 1984; Carbiener, 1991a). River management has
also changed natural states as observed in Querco-Ulmetum (flooded and unflooded for
150 years) (Schnitzler, 1994). Outside the dykes, many species which avoid flooding are
now abundant such as Acer pseudoplatanus, Acer campestre, Carpinus betulus. Prunus
avium, Berberis vulgaris, Viburnum lantana. The lower number of species in Salici-
Populetum along the Rhine than along the Loire is also due to elimination of flooding.
which has interrupted migration of propagules along the longitudinal profile of the river.
Along the Loire, which has kept a more natural course, circulation of species is still very
active (Corillion, 1957, 1989; Loiseau and Braque, 1972; Loiseau, in press).

In spite of long-term negative human influence. nearly all forest communities of the two
big valleys are characterized as woody species-rich, particularly late-successional
hardwood forests (Querco-Ulmetum). Such high woody species richness is well-known in
all broad floodplain forests of the great temperate rivers such as the Mississippi, Missouri.
Rhine, Danube and so on (Carbiener, 1970; Grubb, 1987; Brinson, 1990; Carbiener.
1991b). Among all Querco-Ulmetum of Europe, the Rhine association is particularly rich
in woody species, as shown in data from other alluvial forests of this association in
north-western and central Europe (Fig. 1), due to favourable local conditions (Carbiener.
1970). This richness decreases downstream along the rift with the decrease of the slope.
which induces a lower kinetic flood energy and an increase of hydromorphy in the meander
sector (Dister, 1984; Carbiener and Schnitzler, 1990) (Fig. 1).

Conclusion: a controlled rational use of forest floodplains by man

Measurements of landscape diversity reported here suggest highly complex functioning in
the alluvial system, synonymous with high diversification and competition avoidance.
Preservation of these ecological features is dependent on the preservation of natural
processes. In the valleys studied, this is far from being the case. Human interference has
included disturbance decrease or suppression through flood management, coupled with
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fragmentation of the forest pattern and inappropriate forestry. These processes have led to
an unexpected decline in natural control mechanisms, new selection pressure and
increasing ecosystem fragility. These considerations have led to an international
convention, known as the Ramsar Convention (established in 1971 in Iran), which has
adopted guidelines and standards on various aspects of wetland conservation and
international co-operation (Lethier, 1992). In the reports of a [UBS-SCOPE UNESCO
workshop (1991), which prepared the UN Conference on Environment and Development
(Brazil, June 1992), the role of human activity in altering landscape structure was
extensively debated, in relation to ethical and aesthetic considerations, loss of unique
landscapes and species, and speculation on the management of human economies. Urgent
practical steps are required to halt a process of insularization of alluvial community types.
For this purpose, protected areas provide help in reflecting natural conditions, but they
must not become small sanctuaries acting as traps and constantly endangered by
surrounding human-dominated lands. Two complementary actions are widely known to be
highly efficient: the re-creation of floodable areas and protection of ripisylves against
felling and inappropriate sylviculture.
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