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1 (Mt. Alps,
France), s
1.1 (Savoie)
(Mt. Alps, (Landry Waterfall) . —
France), 45°16' ~46°08’, 4° (Pralognan la Vanoise Waterfall) ,
28' ~7°12', . -
—1~14 C. 850~ 2 050mm ., (Pralognan la Vanoise Cascade) ,
7004 08~157 (La Rochette Waterfall) ,
, ; (Plan de phazy Waterfall) 5
, (Rhone) (Grotte de
; Gournier Cascade) , 1.
1

Tab.1 Aquatic bryophytes at stream karst waterfall in Alps, France

(m) (m?)
1 710 200 1
Savoie Landry Waterfall
2 — 1 460 750 7
Pralognan la Vanoise Waterfall
3 — 1510 0. 05 2
Pralognan la Vanoise Cascade
4 330 680 10
La Rochette Waterfall
5 883 760 2
Plan de phazy Waterfall
6 742 600 3
Rhone Gournier Cascade
6 b (2) : b
, . C18~22], (Life-form)
. ) Magdefrau"®” ;
10 em X110 cm ’ Smith, Paton  Augier
46 o [24~27]
b o
:2000 4 15—16
1.2.2
2
)

2.1
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(Bryophytes) (Liverworts) Spruce, C. commutatum var.
(Hornworts) (Mosses)3 , Jalcatum (Brid.) Monk, Hygrohypnum
Lea=27 1] ochraceum (Turn. Wils) Loeske
, 6 Drepanocladus vernicosus(Mitt. ) Warnst R
11 16 20 C 2),
. (Liverworts)4 4 4 , N
, N , (Mosses) 7 Ll
12 16 o s
(Amblyste- Cratron
giaceae, 4 6 ), (Pottiaceae, 3 4 ) filicium (Hedw. ) Spruce. Philonotis cal-
(Mniaceae, 1 2 ) carea (Br. Eur. ) Schimp, Eucladium verticil-
(18, 24271 latum (Brid. ) Br. Eur. | Gymnostomum
, recurirostum Hedw Bryum pseudotri-
7 :Camphylium chrysophyllum (Brid. ) quetrum (Hedw. ) Schwaegr. Rhyn-
J. Large, Plagiomnium undulatum chostegium ripariodes (Hedw. )C. Jens
(Hedw. ) Kop, ( YP. ellipticum .
(Brid. )Kop. Cratoneuron filicinum (Hedw. )
2

Tab. 2 Family, genus and species of aquatic bryophyte at stream karst waterfall in Alps, France

LIVERWORT
Aneuraceae
Conocephalaceae
Jungermanniaceae
Pallaviciniaceae
MOSSES

Pottiaceae

Bryaceae
Bartramiaceae

Mniaceae

Amblystegiaceae

Brachytheciaceae
Entodontaceae

11

Aneura A. pinguis (1. )Dum 4
Conocephalum C. conicum (L. )Underw 4
Jungermannia J. atroirens Dum. 4
Pellia P. endiviifolia(Dicks)Dum 4
Barbula ( )B. spedicea (Mitt. ) Braithw 5
Eucladium E. wverticillatum (Brid.) Br. Eur 5
Gymnostomum G aeruginosum Sm 3, 4
G. recurvirostrum Hedw 1
Bryum B. pseudotriquetrum (Hedw. )Schwaegr 2
Philonotis P. calcarea (Br.Eur.) Schimp 3,4
Plagiomnium * P. undulatum (Hedw.) Kop 2
* ( YP. ellipticum (Brid. YKop 2
C. commutatum (Hedw. ) Roth var com-
Cratoneuron 4
mutatum
* C. commutatum var. falca-
tum (Brid. ) Monk ’
* C . filicinum (Hedw. ) Spruce 2
Camphylium % C. chrysophyllum(Brid. ) ]J. Large 4
Drepanocladus * D. vernicosus(Mitt. ) Warnst 2
Hygrohypnum * H. ochraceum (Turn. Wils) Loeske 2
Rhynchostegium R. ripariodes(Hedw. )C. Jens 2
Orthothecium O. refescens Br. Eur 2
16 20
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2.2 20% s 5 (Short turfs),2
e, 109 S
’ (North (Mats) ’ 2 ’ 10% ) H
Tempethure ), — (Europe-North (Wefts), 12, 60% .
American) , (Old Temperate ele- N N N

ments ) (Cosmopolitan) 4

C 3,

12, 6024 »

Conocephalum conicum (L. ) Underw,
Jungermannia atroirens Dum. Pellia endi-
vii folia (Dicks) Dum.
(Hartw. )Br. Eur,
[um (Brid.)]. Large,
(Brid. ) Br. Eur.,

curtrostum Hedw

Orthothecium rufescens
Camphylium chrysophyl-
Eucladium verticillatum

Gymnostomum re-
Rhynchostegium ri-
parioides ( Hedw. )C. Jens —

( ) Barbula spedicea (Mitt. )

Braithw 2, 1094 1

, 5% ( YPlagiom-
nium elli pticum (Brid. )Kop 5

25%, Aneura pinguis (L.)

Dum, Bryum  pseudotriquetrum

(Hedw.) Schwaegr,

Cratoneuron filicium

(Hedw. )Spruce var. filicium , Gymnos-
tomum calcareum Nees & Hornsch 4
b o

Tab. 3 The phytogeographical element of bryophyte at

stream karst waterfall in Alps, France

%)
-
° 25
Cosmopolitans
12 60
Temperate European elements
1 5
Old Temperate elements
B 2 10
Europe-North American elements
2.3 (Life-form)
o ’
[18~20, 23]
> 4

(Tall turfs).4

(80%%).,

4

Tab. 4 The life-form of the bryophytes at stream

karst waterfalls in Alps, France

%)
(Short turfs) 2 10
(Tall turfs) 4 20
(Wefts) 12 60
(Mats) 2 10
2.4 (Reproductive system)
(Dioecious)
(Autoecious) C 5.
Rhynchostegium

ripariodes(Hedw.) C. Jens 1 5% s
19 95%
Philonotis calcarea (Br. Eur.) Schimp,
Eucladium verticillatum (Brid. ) Br. Eur.
Gymnostomum recurvirostrum Hedw |
Bryum pseudotri-

G. aeruginosum Sm,

quetrum (Hedw. ) Schwaegr, Cratoneuron fil-

icinum (Hedw. ) Spruce Plagiomnium
undulatum (Hedw. ) Kop, .
s (Mt. Alps)

Tab.5 The Reproductive system of the bryophyte at

stream karst waterfall in Alps, France

(%)

Dioecious 19 95

Autoecious 1 5
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2.5 o s
6 21C,
14 5C,
N Eucladietum Eucladium verticillatum
, (Brid.) Br. Eur. ( ) Barbula
. spedicea(Mitt. ) Braithw 2 o
) (2) (Communities on water-
5 fall travertine cave):
: °
D (Communities on warm
spring waterfall) . Pellietum Cratoneuretum
b
6
Tab. 6 Main types of aquatic bryophyte community and their distribution at stream karst waterfall in Alps, France
*
. :Eucladium verticillatum
Communities on warm ) 5
) Eucladietum : Babbula spedicea 21C
spring waterfall
— Cra- Cratoneuron  falcatum —+
2
toneuro-Bryetum Bryum pseudotriquetrumr
) ) Plagiomnium ellipticum 2
. . Plagiomnietum
Communities on wa- )
— Drepanocladus vernicosus+ Hy-
terfall at valley 2
Drepanoclado-Hygrohypnetum grohypnum ochraceum
: Rhynchostegium ripariodes
2
Rhynchostegietum : Plagiomnium undulatum
— Gymnostomum — aeruginosum +
3.4
Gymnostomo-Philonotetum Philonotetis calcarea
— Cratoneuron — commutatum  +
3.4
Cratoneuro-Bryetum Bryum pseudotriquetrum
— Aneura pinguis + Gymnosto-
4
Aneuro-Gymnostometum mum aeruginosum
Communities on cliff )
. Orthothecium refescens 4
waterfall Orthothecietum
) Jungermannia atroirens 4
Jungermannietum
: Conocephalum conicum —+
Bryum pseudotriquetrum 4
Conocephalo-Bryetum
: Camphylium chrysophyllum
. . Gymnostomum recurvirostrum 1
Communities on cliff | Gymnostometetum
seasonal waterfall
. . Pellia endiviifoli
Pellietu 6, 4
.Cratoneuron filicinum
Communities on wa-
terfall caves Cratoneron filicinum 6
Cratoneuretum
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(3) (Communities on water-

fall at valley )

Rhynchostegietum , — Cra-
toneuro-Bryetum . Plagiomnietum
— Drepanoclado-Hygrohypnetum .
) (Communities on cliff
waterfall) .

o

Gymnostomo-Philonotetum, —

Cratoneuro-Bryetum Or-
thothecietum — Aneuro-Gymnos-
tometum — Conocephalo-Bryetum

) o
(5) (Communities on

cliff seasonal waterfall):

’

o

Gymnostometetum,

b
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Ecologic study on aquatic bryophyte community at
stream karst waterfall in Alps, France

ZHANG Zhao-hui'*, CHEN Jia-kuan®*, PENTECOST Allan’

(1. Guizhou Provincial Laboratory for Mountainous Environment, School of Geography and Biology, Guizhou Normal University .
Guiyang s Guizhou 550001, China; 2. Ministry of Education Key Laboratory for Biodiversity Science and Ecological Engine
ering » Institute of Biodiversity Science, Fudan University, Shanghai 200433, China
3. Division of Life Sciences, King’s College London SE1 SWA)

Abstract: An ecological survey was conducted at six stream karst waterfalls in Alps, France in 2000, about
14 aquatic bryophyte communities were recorded. The bryoflora of karst waterfalls consists of 11 families,
16 genera, and 20 species including subspecies and variety. The reproductive systems consist of two types:
the Dioecism is 95% while the Autoecism 5%. The phytogeographcial elements of the bryoflora include
North Temperate (60%), Old temperate(5% ), Europe-North American elements(10% ) and Cosmopolitans
(25%). The life-forms are Tall turfs(20%), Short turfs(10% )., Mats(10%) and Wefts(60%). Five ecolog-
ical types of aquatic bryophyte communities can be distinguished in stream karst waterfalls: canyon waterfall
community, warm spring waterfall community, waterfall travertine cave community, cliff waterfall commu-
nity and cliff seasonal waterfall community.

Key words: Bryophytes; Aquatic communities; Stream; Karst waterfall; Alps, France
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