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1. Introduction
Kerala state experienced one of the severest flood between June 1 and
August 18, 2018 which had severe impacts in all walks of life of the people
and damaged livelihood assets throughout the state. About 25 lakhs of
peoples in the state were affected directly or indirectly. The torrential rains
triggered a number of landslides that devastated innumerable infrastructure
facilities and washed away a vast variety of Biodiversity. The biodiversity in
high, middle and in low land were considerably damaged. Wayanad,
Kozhikode and Malappuram districts were the severely affected districts in
Kerala apart from Alappuzha and Idukki. Severe and heavy landslides and
floods were occurred in these areas. The extensive havoc resulted by both
flood and landslides necessitated a post flood impact assessment in the
state. The present work is a preliminary assessment of the loss of plant
diversity especially riparian vegetation in the flood/ landslides affected areas
associated with Chaliyar, Korapuzha and Kuttiyadi rivers.
Kozhikode district of Kerala falls in the watersheds of three main river
basins, namely Chaliyar, Korapuzha and Kuttiyadi rivers. As is the feature,
in general, of the river-drainage-systems of the state, the rivers in the
district are dimensionally small or minor systems with only short distance
courses from the mountains of their origin in the Western Ghats to the
shoreline on the West Coast. The drainage of the district is patterned in
conformity with the physiographic gradient. The district is drained by 4 of
the 41 west flowing rivers of the state. They are the rivers, from the south to
north, Chaliyar River, Korapuzha River and Kuttiyadi River, respectively.
1.1. Importance of Riparian ecosystem and vegetation
Riparian ecosystems are located next to streams, rivers, lakes, wetlands and
have direct influence on aquatic and wildlife habitat. It is also known as
gallery forests and streamside forests (Brinson, 1990). Riparian ecosystems
have been harbouring higher number of species than adjacent upland
habitats within the same geographic location (Naiman et al., 1993). The
linear structure, regular floods, strength of competitive interactions,
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periodical successional stages and shifting mosaic of landforms provides a
diversity of microhabitats, resulting high plant species richness in the
riparian zones (Wissmar & Swanson, 1990; Gregory et al., 1991; Pollock et
al., 1998). Riparian landscapes are highly threatened ecosystems as they are
inherently rare habitats, occupying a mere one-thousandth of the earth’s
surface (Hynes, 1970). The human impacts have fragmented and modified
rivers and riparian ecosystems for centuries. These ecosystems are
considered as some of the most sensitive to human influence and potentially
threatened ecotones.
Plant vegetation seen along the river margins are generally referred as
the riparian vegetation. Under normal circumstances riparian ecosystems
support a prevalence of vegetation typically adapted for life in saturated soil
conditions (Gosselink et al., 1981). Riparian forests stabilizing riverbanks by
their root system (Cordes et al., 1997), contributing root strength that
maintains stream bank integrity (Broderson, 1973, Gregory & Ashkenas,
1990). Riparian vegetation provides flood control during high rain events. It
controls processes related to surface and subsurface flow at the local scale.
The living vegetation forms point structures whereas dead plant debris
forms mobile, resistant (coarse woody debris) or labile (litter) structures and
can obstruct, divert or facilitate water flow.
1.2. The structure and composition of riparian vegetation
The riparian plant communities of tropical rivers are composed of a diverse
matrix of evergreen, semi evergreen, deciduous, riverine, wetland and
mangrove components and its sub divisions. The major forest types found in
the Western Ghats mergers with the riparian habitats to form a matrix of
complex riparian communities and cannot be distinguish between each
forest types. The general structure of riparian vegetation consists of three
layered organization of canopy trees, middle stratum of shrubs and woody
climbers and herbaceous ground flora. The zonation of above ground
vegetation of the riparian ecosystems depends on the regional climate and
topography. Trees are considered as the most significant component, due to
8

the keystone nature of riparian forests which controls the flood and bank
erosion thereby maintaining the integrity of riparian ecosystems (Pettit &
Froend, 2001). Shrubs provide shade and stream bank stabilization and
compete strongly for the resources needed by tree seedlings. The
competition indirectly influences production of large woody debris and
habitat maintenance for other organisms. Shrub competition may prevent
the regeneration of trees in some riparian environments, thereby resulting in
gradual succession to a shrub community (Hibbs, 1987). However in the
tropical

riparian

floodplains,

seasonal

herbaceous

annual

vegetation

dominates, where large flood disturbance prevents the recruitment of woody
species.
The disturbances due to flood, landslides or human interferences like
the construction of road, bridges or dams or alteration of landscape for
agricultural purposes, the riparian flora has undergone frequent structural
and functional changes and dominated by disturbance-adapted species.
These critical transition zones of terrestrial and aquatic ecosystems are
highly prone to the invasion of rapidly spreading alien species.
During the past few decades, population growth, deforestation,
urbanization and industrialization, agriculture, irrigation and damming
have led to the massive exploitation and abuse of the Indian rivers. The
conservation and restoration of this river requires baseline data on the
diversity, distribution and ecology of riparian forests.
1.3. Objectives of the Project


Data collection regarding the trend of flood/ landslides occurrences



To assess the loss of aquatic flora of riparian vegetation and
mangroves



To assess the linkage between the flood/ landslides and loss of
biodiversity



Documentation and suggest possible methods/ programmes for
rejuvenation and prevention
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2. Study area

2.1. Chaliyar River
Chaliyar River drainage basin is cored by Precambrian Peninsular Shield
covering an area of 2923 km2 and lies between Murat and Kabini Basins in
the north and Kadalundi basin in the south. The basin comprises parts of
four districts viz. Kozhikode district cover an area of 626 km2 in the
northwest, Wayanad district cover an area of 112 km2 in the north,
Malappuram district spreads over an area of 1784 km2 in the east and
south and Nilgiri district of Tamil Nadu cover an areas of 378 km2. Chaliyar
River forms the fourth largest river in Kerala rising in the Elambaleri hills in
the Wayanad Plateau. Six major streams Chaliyarpuzha, Punnapuzha,
Kanjirapuzha, Karimpuzha, Iruvanhipuzha and Cherupuzha constitute the
Chaliyar

River

drainage

system.
10

Other

important

tributes

are

Kurumanpuzha,

Pandipuzha,

Maradipuzha,

Kuthirapuzha

and

Karankkodupuzha. Most of these river have their origin in the Nilgiri hills in
the east and Wayanad hills in the north, where they form a number of rapid
waterfalls. The river joins the Lakshadweep Sea south of Kozhikode near
Beypore (Chaliyam) after flowing over a distance of about 169 km in the
name Beypore River.
During the present study, surveyed the river basins of Chaliyar from
Beypore (end of Chaliyar) to the Elambaleri hills (origin of Chaliyar). The
studied

area

include

Beypore,

Farook,

Manakkadavu,

Mukkorakkal,

Urkkadavu, Elamaram, Mythra bridge, Pavanna, Edavanna, Mailadippalam,
Munderi, valiyampuzha, Chungathara, Karulayi, Nedunkayam, Erumunda,
Pothukallu, Pookkottupadam, Vadapuram, Panankayam, etc. and also
studied the basins of the main tribute river Eravanjipuzha, which include
Kulimad,

Kalipuzha,

Pallippadi

bridge,

Elathukadavu,

Maripuzha,

Muthapanpuzha, Thenpara, Parappatta, Thampalamanna bridge, etc
2.2. Korapuzha river
Korapuzha is formed by the confluence of Agalapuzha with Punnurpuzha
near Kanayankode and it joins to the sea at Elathoor. Agalapuzha is more or
less a backwater while the Punnurpuzha originates from Arikkankunni at
about 610 m. The total length of the river is 40 km with a drainage area of
624 km2. It flows through various cities such as Vadakara, Atholi, Koyilandi,
etc.
This river is flowing through the plains of Kozhikode districts,
landslides were not reported form this river basin.
2.3. Kuttiyadi River
Rising from the Narikota range on the western slopes of the Wayanad hills a
part of Western Ghats at an elevation of 1220 m MSL of the Kuttiyadi river
flows through Vadakara, Koyilandy and Kozhikode Taluks. The river is also
known as Murat River. This river has a length of 74 km. It falls into the
Arabian sea at Moorad (Iringal), about 6 km from Vadakara. It has a
11

catchment area of about 583 km2. The major 12ributaries of the river are
Onipuzha,

Thottilpalampuzha,

Madappallipuzha.

The

river

Kadiyangadpuzha,
passes

through

Vamathilpuzha
Oorakkuzhi,

and

Kuttiadi,

Muyippoth, Maniyur and Karuvacheri.

3. Review of literature
Manilal and Sivarajan (1982) documented the flora of Kozhikode district and
recorded plants from the river basins of Chaliyar and Kuttiyadi. Babu (1990)
studied the flowering plants diversity of Malappuram district (excluding
Nilambur Forest Division) and documented some of the plants from Chaliyar
river basin. Joseph (1991) studied the aquatic angiosperm diversity of
Malabar area. Sivarajan and Mathew (1996) studied the floristic diversity of
Nilambur forest division and documented plants from the basins of Chaliyar
River. Ratheesh Narayanan (2009) studied the floristic diversity of Wayanad
district. Apart from this, the riparian vegetation of the three river basins viz.,
Chaliyar, Korappuzha and Kuttiyadi has not been subjected to detailed
systematic studies and the present study also aims to fill this lacuna.

4. Methodology
Extensive field surveys have been conducted to flood/ landslide affected
areas of Chaliyar, Korappuzha and Kuttiyadi rivers during the months of
December 2018 to April 2019. Plants collected from the study area were
identified with the help of pertinent literature and also consultation with the
experts. The aquatic/ riparian flora is documented scientifically.
The endemic/ threatened taxa affected by the flood/ landslides were
collected from their localities and were introduced into the aquatic plant
conservatory of MBGIPS for ex-situ conservation. Assessment has been
made about the loss of flora by comparing the affected areas with the
adjacent unaffected areas. GPS data were documented for each flood
affected or landslides occurred area for mapping purpose.
12

5. Results of the study
The impacts of flood to the natural environment differed based on the
geographical location. In the hilly terrain, the major impacts are caused due
to landslides. Landslides are mainly reported from the hilly areas of Chaliyar
and Kuttiyadi river basins and forest ecosystem has been severely affected
due to landslides especially in Vettilappara, Marippuzha, Kattippara and
Kakkayam forest area. In hilly areas the major impacts were due to
combined effects of landslides and floods.

Korappuzha

Korappuzha river basin
Among the three rivers, Korappuzha is less affected by Flood/ landslides
since the river is of just 40 km length flowing through the plains of
Kozhikode district and immediately joins with the Arabian Sea at Elathoor.
The estuarine areas were well protected from the flood water due to the
presence of different mangrove species.
13
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Chaliyar
Among the three river basins studied, the Chaliyar river basin shows the
most richest floristic diversity since the river mainly flows through dense
evergreen and semi-evergreen forest areas of Wayanad and Malappuram
districts.

Chaliyar river basin

In Chaliyar River basin a main landslide was occurred in the beginning of
Marippuzha, near to the Muthappampuzha. It causes severe destruction to
roads and also to the crops including Areca, Banana, Cocoao, etc. along the
river basin. Vettilappara is also underwent severe landslides and acres of
rubber plantations were washed away.
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Kuttiyadi

Kuttiyadi river basin
In Kuttiadi River basin the major flood/ landslides affected areas are
Maruthonkara, Pasukkadavu, Koorachundu, Kakkayam areas. Landslides
caused considerable damage to the riparian vegetation especially in
Kakkayam forest areas.
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5.1. Enumeration of Taxa
1. ACANTHACEAE
1. Acanthus ilicifolius L.
2. Andrographis paniculata (Burm. f.) Wall. ex Nee
3. Avicennia officinalis L.
4. Hygrophila ringens (L.) Steud.
5. Hygrophila schulli (Buch.-Ham.) M. R. & S. M. Almeida

2. AMARANTHACEAE
6. Alternanthera philoxeroides (Mart.) Grisb.
7. Alternanthera sessilis (L.) R. Br. ex. DC.
8. Cyathula prostrata (L.) Blume

3. AMARYLLIDACEAE
9. Crinum viviparum (Lam.) R. Ansari & V.J. Nair

4. ANACARDIACEAE
10. Mangifera indica L.
11. Holigarna arnottiana Hook. f.

5. APOCYNACEAE
12. Cerbera odollam Gaertn.
13. Ichnocarpus frutescens (L.) R. Br.
14. Parsonsia inodora (Lour.) M. R. & S. M. Almeida
6. APONOGETONACEAE
15. Aponogeton natans (L.) Engl. & Krause
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7. ARACEAE
16. Colocasia esculenta (L.) Schott
17. Cryptocoryne sivadasanii Bogner
18. Cryptocoryne spiralis (Retz.) Fisch. ex Wydler
19. Lagenandra meeboldii (Engl.) C.E.C. Fisch.
20. Lagenandra ovata (L.) Thw.
21. Lagenandra toxicaria Dalz.
22. Lemna perpusilla Torrey
23. Pistia stratiotes L.
24. Pothos scandens L.
25. Spirodela polyrhiza (L.) Schleid.

8. ARECACEAE
26. Caryota urens L.

9. ASTERACEAE
27. Acmella paniculata (Wall. ex DC.) R.K. Jansen
28. Ageratum conyzoides L.
29. Chromolaena odorata (L.) King & Robins
30. Eclipta prostrata (L.) L.
31. Grangea maderaspatana (L.) Poir.
32. Mikania micrantha Kunth
33. Wedelia trilobata (L.) A. S. Hitchc.

10. BIGNONIACEAE
34. Dolichandrone spathacea (L. f.) K. Schum.
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11. BORAGINACEAE
35. Rotula aquatica Lour.

12. BRASSICACEAE
36. Rorippa indica (L.) Hiern

13. CABOMBACEAE
37. Cabomba caroliniana Gray

14. CAMPANULACEAE
38. Lobelia alsinoides Lam.

15. CELASTRACEAE
39. Celastrus paniculatus Willd.
40. Lophopetalum wightianum Arn.
41. Salacia fruticosa Heyne ex Lawson

16. CLUSIACEAE
42. Calophyllum inophyllum L.

17. COMBRETACEAE
44. Combretum indicum (L.) DeFilipps
45. Getonia floribunda Roxb.
46. Terminalia paniculata Roth

18. COMMELINACEAE
47. Murdannia crocea (Griff.) Faden
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48. Cyanotis axillaris (L.) D. Don

19. CONVOLVULACEAE
49. Aniseia martinicensis (Jacq.) Choisy
50. Evolvulus alsinoides (L.) L.
51. Ipomoea aquatica Forssk.
52. Ipomoea cairica (L.) Sweet
53. Ipomoea carnea Jack. ssp. fistulosa (Mart. ex Choisy) Austin
53. Ipomoea hederifolia L.
54. Merremia hederacea (Burm. f.) Hall. f.

20. COSTACEAE
55. Cheilocostus speciosus (J. Koenig) C.D. Specht

21. CUCURBITACEAE
56. Mukia maderaspatana (L.) Roem

22. CYPERACEAE
57. Cyperus cephalotes Vahl
58. Cyperus corymbosus Rottb.
59. Cyperus distans L. f
60. Cyperus haspan L.
61. Cyperus pilosus Vahl
62. Cyperus rotundus L.
63. Dactyloctenium aegyptium (L.) P. Beauv.
64. Eleocharis geniculata (L.) Roem. & Schult.
65. Eleocharis spiralis (Rottb.) Roem. & Schult.
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66. Fimbristylis aestivalis Vahl
67. Fimbristylis dichotoma (L.) Vahl
68. Fimbristylis microcarya Muller
69. Fimbristylis tetragona R. Br.
70. Fuirena umbellata Rottb.
71. Kyllinga brevifolia Rottb.
72. Kyllinga bulbosa P. Beauv.
73. Pycreus flavidus (Retz.) Koyama
74. Pycreus malabaricus Clarke
75. Schoenoplectiella articulata (L.) Lye
76. Schoenoplectiella juncoides (Roxb.) Lye

23. DILLENIACEAE
77. Dillenia pentagyna Roxb.

24. DIOSCOREACEAE
78. Dioscorea bulbifera L.

25. DIPTEROCARPACEAE
79. Dipterocarpus indicus Bedd.
80. Hopea ponga (Dennst.) Mabb.
81. Vateria indica L.

26. ELATINACEAE
82. Bergia capensis L.
27. ERIOCAULACEAE
83. Eriocaulon cuspidatum Dalz.
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84. Eriocaulon heterolepis Steud.
85. Eriocaulon quinquangulare L.
86. Eriocaulon setaceum L.

28. EUPHORBIACEAE
86. Aporosa cardiosperma (Gaertn.) Merr.
87. Excoecaria agallocha L.
88. Homonoia retusa (Graham ex Wight) Muell.-Arg.
89. Homonoia riparia Lour.
90. Mallotus atrovirens Muell.-Arg.
91. Mallotus philippensis (Lam.) Muell.-Arg.
92. Trewia nudiflora L.

29. FABACEAE
93. Acacia caesia (L.) Willd.
94. Acacia pennata (L.) Willd.
95. Abrus precatorius L.
96. Aeschynomene indica L.
97. Alysicarpus vaginalis (L.) DC.
98. Cajanus scarabaeoides (L.) Thouars
99. Calopogonium mucunoides Desv.
100. Centrosema molle Benth.
101. Crotalaria pallida Dryand
102. Derris trifoliata Lour.
103. Desmodium triflorum
104. Geissaspis cristata Wight & Arn.
105. Mimosa diplotricha C. Wight ex Sanvalle
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106. Mimosa pudica L.
107. Pongamia pinnata (L.) Pierre
108. Pueraria phaseoloides (Roxb.) Benth.
109. Senna alata (L.) Roxb.
110. Senna hirsuta (L.) Irwin & Barneby
111. Senna occidentalis (L.) Link
112. Senna tora (L.) Roxb.
113. Smithia sensitiva Ait.
114. Vigna adenantha (Meyer) Marechal
115. Zornia gibbosa Span.

30. HALORAGACEAE
116. Laurembergia coccinea (Blume) Kanitz
117. Myriophyllum aquaticum (Vell.) Verdc.

31. HYDROCHARITACEAE
118. Blyxa octandra (Roxb.) Planch. ex Thw.
119. Hydrilla verticillata (L.f.) Royle
120. Vallisneria natans (Lour.) Hara

32. HYDROPHYLLACEAE
121. Hydrolea zeylanica (L.) Vahl

33. LAMIACEAE
122. Clerodendrum infortunatum L.
123. Clerodendrum paniculatum L.
124. Leucas aspera (Willd) Link.
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125. Vitex leucoxylon L. f.
126. Volkameria inermis L.

34. LAURACEAE
127. Cinnamomum malabatrum (Burm. f.) Blume

35. LECYTHIDACEAE
128. Barringtonia acutangula (L.) Gaertn.
36. LENTIBULARIACEAE
129. Utricularia aurea Lour.
130. Utricularia exoleta R. Br.
131. Utricularia lazulina Taylor
132. Utricularia reticulata Smith

37. LINDERNIACEAE
133. Lindernia antipoda (L.) Alston
134. Lindernia anagallis (Burm. f.) Pennell
135. Lindernia caespitosa (Blume) Panigrahi
136. Lindernia hyssopioides (L.) Haines
137. Lindernia manilaliana Sivar.
138. Lindernia rotundifolia (L.) Mukerjee
139. Torenia bicolor Dalz.

38. LOGANIACEAE
140. Strychnos colubrina L.
141. Strychnos nux-vomica L.
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39. LYTHRACEAE
142. Ammannia baccifera L.
143. Rotala densiflora (Roth ex Roem. & Schult.) Koehne
144. Rotala indica (Willd.) Koehne
145. Rotala macrandra Koehne
146. Rotala malampuzhensis R.V. Nair ex Cook
147. Rotala rosea (Poir.) Cook
148. Rotala rotundifolia (Buch.-Ham. ex Roxb.) Koehne
40. MALVACEAE
149. Sida acuta Burm. f.
150. Sida rhombifolia L.
151. Talipariti tiliaceum (L.) Fryxell

41. MARANTACEAE
152. Schumannianthus virgatus (Roxb.) Rolfe

42. MELASTOMATACEAE
153. Clidemia hirta (L.) D. Don
154. Melastoma malabathricum L.

43. MENISPERMACEAE
155. Cyclea peltata (Lam.) Hook. f. & Thoms.
156. Tiliacora acuminata (Poir.) Miers ex Hook.f. & Thoms.

44. MENYANTHACEAE
157. Nymphoides hydrophylla (Lour.) O. Ktze.
158. Nymphoides indica (L.) O.Ktze.
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159. Nymphoides macrospermum Vasudevan
160. Nymphoides parvifolia (Griseb.) O. Ktze.

45. MORACEAE
161. Ficus hispida L. f.

46. MYRISTICACEAE
162. Gymnacranthera farquhariana (Hook.f. & Thoms.) Warb.
163. Myristica malabarica Lam.

47. MYRTACEAE
164. Syzygium caryophyllatum (L.) Alston

48. NELUMBONACEAE
165. Nelumbo nucifera Gaertn.

49. NYMPHAEACEAE
166. Nymphaea malabarica Poir.
167. Nymphaea nouchali Burm.f.
168. Nymphaea pubescens Willd.

50. ONANGRACEAE
169. Ludwigia adscendens (L.) Hara
170. Ludwigia hyssopifolia (G. Don) Exell
171. Ludwigia perennis L.
51. ORCHIDACEAE
172. Acampe praemorsa (Roxb.) Blatt. & McCann
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173. Pholidota imbricata Hook.

52. OXALIDACEAE
174. Biophytum sensitivum (L.) DC.

53. PANDANACEAE
175. Pandanus odorifer (Forssk.) Kuntze

54. PLANTAGINACEAE
176. Bacopa floribunda (R. Br.) Wettst.
177. Dopatrium junceum (Roxb.) Buch.-Ham. ex Benth.
178. Limnophila aquatica (Roxb.) Alston
179. Limnophila heterophylla (Roxb.) Benth.
180. Limnophila indica (L.) Druce
181. Limnophila repens (Benth.) Benth.
182. Scoparia dulcis L.

55. POLYGALACEAE
183. Xanthophyllum arnottianum Wight

56. POACEAE
184. Actinoscirpus grossus (L.f.) Goetgh. & D.A. Simpson
185. Bambusa bambos (L.) Voss
186. Brachiaria mutica (Forssk.) Stapf
187. Echinochloa colona (L.) Link
188. Eragrostis riparia (Willd.) Nees
189. Hygroryza aristata (Retz.) Nees ex Wight & Arn.
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190. Isachne miliacea Roth
191. Ischaemum indicum (Houtt.) Merr.
192. Ochlandra travancorica (Bedd.) Benth. ex Gamble
193. Panicum paludosum Roxb.
194. Panicum repens L.
195. Paspalum conjugatum Berg.
196. Paspalum distichum L.
197. Phragmites karka (Retz.) Trin. ex Steud.
198. Saccharum arundinaceum Retz.
199. Saccharum spontaneum L.
200. Sacciolepis interrupta (Willd.) Stapf

57. PODOSTEMACEAE
201. Indotristicha ramosissima (Wight) van Royen

58. POLYGONACEAE
202. Persicaria barbata (L.) Hara
203. Persicaria glabra (Willd.) Gomez

59. PONTEDERIACEAE
204. Eichhornia crassipes (Mart.) Solms.
205. Monochoria vaginalis (Burm. f.) Presl

60. RHIZOPHORACEAE
206. Bruguiera gymnorrhiza (L.) Blume
207. Rhizophora mucronata Poir.

32

61. RUBIACEAE
208. Chassalia curviflora (Wall. ex Kurz) Thw. var. ophioxyloides (Wall.) Deb
& Krish
209. Morinda citrifolia L.
210. Neolamarckia cadamba (Roxb.) Bosser
210. Ochreinauclea missionis (Wall. ex G. Don) Ridsd.
211. Oldenlandia diffusa (Willd.) Roxb.
212. Spermacoce remota Lam.

62. RUTACEAE
213. Glycosmis pentaphylla (Retz.) DC.

63. SALICACEAE
214. Salix tetrasperma Roxb.

64. SAPOTACEAE
215. Madhuca neriifolia (Moon) H. J. Lam

65. SIMAROUBACEAE
216. Quassia indica (Gaertn.) Nooteb.

66. SMILACACEAE
217. Smilax zeylanica L.

67. SOLANACEAE
218. Physalis angulata L.
219. Solanum americanum Mill.
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220. Solanum torvum Sw.

68. STAPHYLEACEAE
221. Turpinia malabarica Gamble

69. STERCULIACEAE
222. Helicteres isora L.

70. TETRAMELACEAE
223. Tetrameles nudiflora R. Br.

71. TILIACEAE
224. Triumfetta rhomboidea Jacq.

72. TYPHACEAE
225. Typha angustifolia L.

73. VITACEAE
226. Cayratia trifolia (L.) Domin
227. Leea indica (Burm. f.) Merr.

74. XYRIDACEAE
228. Xyris pauciflora Willd.
229. Xyris indica L.
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6. Discussion and conclusion
6.1. Analysis of Flora
Analysis of the riparian flora of the flood/ landslide affected areas of
Chaliyar, Korapuzha and Kuttiyadi rivers revealed that the flowering plants
are represented by 229 species belonging to 167 genera under 74 families.
Out of the 229 species Dicotyledons are represented by 157 species and
Monocotyledons are represented by 72 species.

Climbers

Trees

Shrubs

Herbs

Herbs

Shrubs

Trees

Climbers

Fig. 1
Life form analysis (Fig. 1) revealed that, out of the 229 taxa identified, the
majority are herbs (147) and trees (36) followed by shrubs (22) and climbers
(22). Among the herbs, 2 are epiphytes.
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Analysis of dominant families
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Fig. 2.
The legume family Fabaceae with 23 species in 18 genera is the largest
family followed by Cyperaceae (20 species) and Poaceae (17 species).
Including this, there are ten families with more than 10 species in each (Fig.
3).

The

rest

are

Araceae

(10),

Asteraceae

(7),

Euphorbiaceae

(7),

Linderniaceae (7), Lythraceae (7), Plantaginaceae (7) and Convolvulaceae (6).
The dominant genera are Cyperus (6), Lindernia (6) and Rotala (6). As many
as 35 families are represented by single species each.
6.2. Mangroves
Mangroves are a group of plants that occur in the coastal intertidal zones of
tropics and the subtropics. The mangrove community as a whole consists of
salt tolerant plants of soft and swampy mud, mostly trees and shrubs, with
broad, leathery, evergreen leaves. The dense root systems of mangrove
forests trap sediments flowing down rivers and off the land. This helps
stabilizes the coastline and prevents erosion from waves and storms. In
areas where mangroves have been cleared, coastal damage from hurricanes
and

typhoons

is

much

more

severe. Mangroves

contribute

to

the

stabilization of the shoreline and prevention of shore erosion. They serve as
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a barrier against storms so as to lessen damage to coastal land and
residents. The dense network of supporting roots and breathing roots give
mechanical support to the tree and trap the sediments. Without mangroves,
all silt will be carried into the sea, where turbid water might cause corals to
die. Mangrove trees act as sinks, which concentrate pollutants such as
sewage, toxic minerals, pesticide, herbicides, etc. The amount of protection
afforded depends upon the width of the forest. Whereas very narrow fringe of
mangroves offers only limited protection, a wider belt of mangroves, with
their entanglement of aerial roots, can considerably reduce wave and flood
damage to landward areas by absorbing the overflowing water. Acanthus
ilicifolius L., Avicennia officinalis L., Bruguiera gymnorrhiza (L.) Blume,
Excoecaria agallocha L. and Rhizophora mucronata Poir. are the major
mangrove species documented from the study area. This mangrove species
are mainly located from coastal areas like Beypore, Elathoor, Iringal, etc
where the rivers join with Arabian sea.
6.3. Endemic plants
Out of the 229 species documented from the flood affected areas of Chaliyar,
Korappuzha and Kuttiyadi rivers 23 are endemic to the Western Ghats or
Peninsular India. The endemic riparian flora is represented by Cinnamomum
malabatrum, Cryptocoryne sivadasanii, Dipterocarpus indicus, Eragrostis
riparia, Eriocaulon cuspidatum, Eriocaulon heterolepis, Holigarna arnottiana,
Homonoia retusa, Hopea ponga, Indotristicha ramosissima, Lagenandra
meeboldii,
malabarica,

Lindernia

manilaliana,

Nymphoides

Lindernia

macrospermum,

oppositifolia,
Ochlandra

Myristica

travancorica,

Ochreinauclea missionis, Rotala macrandra, Rotala malampuzhensis, Salacia
fruticosa, Utricularia lazulina, Vateria indica and Xanthophyllum arnottianum.
Among them, Vateria indica is Critically Endangered, Dipterocarpus indicus
and

Hopea

ponga

are

Endangered

and

Myristica

malabarica

Ochreinauclea missionis are Vulnerable as per the IUCN Red List (2019).
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6.4. Aquatic Ferns
Aquatic ferns like Acrostichum aureum L.,Ceratopteris thalicitroides Brong,
Marsilea minuta L., Osmunda regalis L., Pistia stratiotes L., Salvinia molesta
Mitch.,etc are also reported from the area.

6.5. Impact of flood/ landslides on the riparian flora
Among the three river basins vegetation along the banks of Korappuzha is
less affected by Flood/ landslides since the river is of just 40 km length and
mainly flowing through the plains of Kozhikode district and immediately
joins with the Arabian Sea at Elathoor. Mangroves are chiefly located along
the banks of this river which definitely has played a major role to protect the
shore from the flood water. The combined effect of landslides and flood
caused severe damage in the riparian flora of Chaliyar and Kuttiyadi
especially in the hilly areas. In Chaliyar the severely affected areas are
Marippuzha, Elanthukadvu, Thenpara, Mukkorakkal and Vettilappara.
Dense forest areas are cleared by the landslides occurred in MarippuzhaThenpara areas whereas plantations of Rubber and Areca palms are severely
damaged in Vettilappara area. In the river basins of Kuttiyadi, the major
disaster occurred in Pasukadavu, Maruthonkara, Onipuzha, Chempanoda
and Kakkayam forest areas.
Population of the riparian species like Homonoia retusa, Homonoia
riparia, Rotula aquatica, Madhuca neriifolia, etc. are less affected by the
flood. Vulnerable riparian tree like Ochreinauclea missionis is also survived
the flood. Mangrove species like Acanthus ilicifolius L., Avicennia officinalis
L., Bruguiera gymnorrhiza (L.) Savi., Excoecaria agallocha L., Rhizophora
mucronata Poir., etc acted as a natural barrier against flood in coastal areas.
However, populations of endemic and threatened species like Hopea
ponga, Ochalandra travancorica and Myristica malabarica are seriously
damaged in the flood affected areas of Chaliyar. The most severely affected
groups are shallowly rooted herbaceous plants like Cyperus spp., Eriocaulon
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spp., Fimbristylis spp., Hygrophila spp., Lagenandra spp., Limnophila spp.,
Lindernia spp., Rotala spp., Utricularia spp., etc. A good population of
Lagenandra meeboldi and Utricularia lazulina, two rare taxa endemic to the
Western Ghats were washed away by the 2018 flood in Kakkayam forest
area. Similarly populations of endemic taxa like Eriocaulon cuspidatum,
Lindernia manilaliana, Rotala malampuzhensis, etc. disappeared from the
flood affected areas of Kuttiyadi river basin. Indigenous aquatic herbs like
Aponogeton natans, Cryptocoryne sivadasanii, Blyxa octandra, Nymphoides
spp., etc are washed away by the flood water in many affected areas and are
replaced by exotic species like Cabomba caroliniana, Eichhornia crassipes,
etc.
6.6. Threat of invasive alien species.
Rapidly spreading invasive alien species are a major threat to the indigenous
flora of the flood affected river basins. Disturbances often act as triggers for
the proliferation of alien plants. The newly denuded open land created by
the flood or landslides provide a good site for emerging rapidly multiplying
invasive species like Ageratum conyzoides, Alternanthera philoxeroides,
Eichhornia crassipes, Ipomoea cairica, Mikania micrantha, Mimosa diplotricha,

Wedelia trilobata, etc.
6.7. Loss to agricultural crops
The impact of 2018 flood was severe on the agricultural crops cultivated in
Chaliyar and Kuttiyadi river basins. Areca palms, Banana and Tapioca are
the major crops severely affected by the flood in Chaliyar and Kuttiyadi river
basins. Acres of Rubber plantations were washed away by the landslides
and flood in Vettilappara areas of Chaliyar river basin.
6.8. Conservation strategies for the flood affected endemic riparian
flora
The shallowly rooted herbaceous riparian plants were the major victim of
2018 flood. The aquatic/ riparian or wetland loving groups like Eriocaulon
spp., Lagenandra, Limnophila, Lindernia spp., Nymphoides, Rotala spp.,
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Utricularia spp., etc. were severely affected by the flood water and many
previously known populations were disappeared from their locations after
the flood. In this scenario an attempt has been initiated to conserve the
endemic and rare herbaceous taxa from the study area ex-situ in the
aquatic plants conservatory of Malabar Botanical Garden. Endemic plants
like Cryptocoryne sivadasanii, Eriocaulon, Lagenandra meeboldii, Lindernia
manilaliana, Rotala malampuzhensis and Nymphoides macrospermum are
already successfully established in the conservatory.
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6.9. Conclusion
The three river basins viz., Chaliyar, Korappuzha and Kuttiyadi are rich in
its riparian floristic diversity. The 2018 flood severely affected the flora
especially that of Chaliyar and Kuttiyadi river basins. Riparian species like
Homonoia retusa, Homonoia riparia, Rotula aquatica, Madhuca neriifolia, etc.
are less affected by the flood. Mangrove like Acanthus ilicifolius L., Avicennia
officinalis L., Bruguiera gymnorrhiza (L.) Savi., Excoecaria agallocha L.,
Rhizophora mucronata Poir., etc are successfully survived the flood and they
acted as a natural barrier against flood in coastal areas. Aquatic/ semiaquatic herbaceous populations were drastically affected by the flood.
Invasion of alien species to the flood/ landslide affected areas are also a
major threat to the indigenous flora. Ex-situ conservation of some endemic
and threatened aquatic plants collected from the flood affected areas were
already initiated at Malabar Botanical Garden and Institute for Plant
Sciences (MBGIPS), Kaozhikode. Further reintroduction programs are yet to
be planned and materialized. The impact of landslides combined with floods
may be more long lasting as any change in habitat and landscape will take
more time for the species to recover. Apart from the heavy rainfall the
topography, land use change and habitat degradation might also have
played a major role on the intensity of floods.

49

REFERENCES
Babu A, 1990. Flora of Malappuram District (excluding Nilambur Forest
Division) Parts - I & II. Ph.D. Thesis, University of Calicut.
Brinson, M.M. 1990. Riverine forests. In: Lugo, A.E., Brinson, M.M. &
Brown, S. (Eds) Ecosystems of the World - 15: Forested wetlands.
Elsevier, Oxford. pp. 87–141.
Broderson, J.M. 1973. Sizing buffer strips to maintain water quality. MS
thesis. University of Washington, Seattle, Washington. 86 pp.
Cordes, L.D., Hughes, F.M.R. & Getty, M. 1997. Factors affecting the
regeneration and distribution of riparian woodlands along a northern
Prairie River: The Red Deer River, Alberta, Canadia. Journal of
Biography 24:675-95.
Gosselink, J.G, Bayley, S.E, Corner, W.H. & Turner, R.E 1981. Ecological
factors in the determination of riparian wetland ecosystems. In Clarke,
J.R.& Benforado, J. (Eds) Wetlands of the Bottomland Hardwood
Forests. Procoedings of a workshop on bottom land hardwood forest
wetlands of the southeastern United States. Elsevier scientific
publishing, Amsterdam, pp: 197-219.
Gregory, S. & Ashkenas, L. 1990. Riparian management guide. Willamette
National Forest. US Government Printing Office, Washington, DC,
1990-591- 401/35008, 120 pp.
Gregory, S.V, Swanson, F.J, Mokee, W.A & Cummins, K.W. 1991. An
ecosystem perspective of riparian zones, focus on links between land
and water. Bioscience 41:540-551.
Hibbs, D.E. 1987. Management of riparian zone vegetation in western
Oregon. National Council of the Paper Industry for Air and Stream
Improvement Technical Bulletin 514: 57–63.
Hynes, H.B.N. 1970. The ecology of running waters. Liverpool University
Press, UK. 555 pp.
50

IUCN. 2019. The IUCN Red List of Threatened Species. Version 2019-2.
Joseph K.T. 1991. Observation in the Aquatic Angiosperms of Malabar (North
Kerala). Ph.D. thesis, Calicut University, Calicut
Manilal K.S. and V.V. Sivarajan. 1982. Flora of Calicut. Bishen Singh
Mahendrapal Singh, Dehra Dun.
Naiman, R.J, Decamps, H & Pollock, M. 1993.The role of riparian vegetation
in maintain regional biodiversity, Ecological Applications 3(2): 209212.
Pettit, N.E. & Froend, R.H. 2001. Variability in flood disturbance and the
impact on riparian tree recruitment in two contrasting river systems.
Wetland Ecology and Management.9:13-25.
Pollock; M.M, Naiman, R.J & Hanley, T.A1998. Plant species richness in
riparian wetlands a test of the biodiversity theory. Ecology 79:94-105.
Ratheesh Narayanan, M.K. 2009. Floristic study of Wayanad District giving
special emphasis to Rare Threatened plants (Unpublished thesis,
University of Calicut).
Sivarajan V.V. and Philip Mathew. 1996. Flora of Nilambur. Bishan Singh
Mahendrapal Singh, Dehra Dun.
Wissmer, R.C & Swanson, F.J. 1990. Landscape disturbance and lotic
ecotones. The ecology and management of aquatic-terrestrial ecotones
man and Biosphere series 4:65-90.

51

52

