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Introduction

Moving on!
Dear Lyonia readers,

This will be my last issue of Lyonia to publish. After three years as Editor-in-Chief of Lyonia it is time for me to
move on to new tasks.

In the last three years, Lyonia changed from an infrequently published in-house journal, to an internationally
recognized online journal with multiple issues per year.

The quality of manuscripts submitted to Lyonia is excellent. Lyonia’s focus on tropical ecology and sustainable
development attracts a large number of contributions. The journal is read especially widely in the tropical
countries of our world, with the highest percentage of its readers coming from Latin America.

There is always room for improvement however, and | hope that Lyonia is going to become even better under
its new Editor-in-Chief. For now, Dr. Cliff Morden, Interim Director of Lyon Arboretum, will take over this
position.

| wish to thank all members of the Editorial Board, all reviewers, and of course, all contributers, who have
helped to make Lyonia a successful online journal in a very short time.

Regards,

Rainer Bussmann

Lyonia, Volume 11(1), June 2006



Editorial Board

Editor-in-Chief
Rainer Bussmann

Contact Information

Surface mail:

Lyonia

Harold L. Lyon Arboretum

3860 Manoa Rd.Honolulu, HI 98622 USA
Phone: +1 808 988 0456

e-mail: lyonia@lyonia.org

Editorial Board

Balslev, Henrik, University of Aarhus, Denmark

Brandt, Kirsten, Denmark

Bush, Marc, Florida Institure of Technology, USA

Cotton, Elvira, University of Aarhus, Denmark

Goldarazena, Arturo, NEIKER, Spain

Geldenhuys, Coert, FORESTWOOD, South Africa
Goikoetxea, Pablo G., NEIKER, Spain

Gradstein, Rob, University of Goettingen, Germany

Hall, John B., University of Bangor, United Kingdom

Janovec, John, BRIT, USA

Joergensen, Peter, Missouri Botanical Garden, USA
Kilpatrick, Alan, San Diego State University, USA

Kueppers, Manfred, University of Hohenheim, Germany
Lovett, Jon C., University of York, United Kingdom

Lucero Mosquera, Hernan P., Universidad Tecnica Particular Loja, Ecuador
Miller, Marc, Emory University, USA

Navarete Zambrano, Hugo G., Pontifica Universidad Catholica Quito, Ecuador
Onyango, John C., Maseno University, Kenya

Pritchard, Lowell, Emory University, USA

Pitman, Nigel, Duke University, USA

Pohle, Perdita, University of Giessen, Germany

Sarmiento, Fausto, University of Georgia, USA

Sharon, Douglas, University of California at Berkeley, USA
Silman, Miles, Wake Forest University, USA

Thiemens, Mark H., University of California San Diego, USAU
Wilcke, Wolfgang, Universitaet Mainz, Germany

Yandle, Tracy, Emory University, USA

Zimmermann, Reiner, Universitaet Hohenheim, Germany

Lyonia, Volume 11(1), June 2006



What is Lyonia?

What is Lyonia?

Lyonia is an electronic, peer-reviewed, interdisciplinary journal devoted to the fast dissemination of current ecological
research and its application in conservation, management, sustainable development and environmental education.
Manuscript submission, peer-review and publication are entirely handled electronically. As articles are accepted they are
automatically published as "volume in progress” and immediatelly available on the web. Every six months a
Volume-in-Progress is declared a Published Volume and subscribers receive the table of Contents via e-mail.

Lyonia seeks articles from a wide field of disciplines (ecology, biology, anthropology, economics, law etc.) concerned
with ecology, conservation, management, sustainable development and education in mountain and island environments
with particular emphasis on montane forest of tropical regions.

In its research section Lyonia published peer-reviewed scientific papers that report original research on ecology,
conservation and management, and particularly invites contributions that show new methodologies employing
interdisciplinary and transdisciplinary approaches. The sustainable development and environmental education section
contains reports on these activities.
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Phenology of species of moist deciduous forest sites of Similipal
biosphere reserve

Abstract

Vegetative and reproductive phenology of 57 overstorey and 33 understorey species was studied
in a tropical moist deciduous forest of Similipal Biosphere Reserve (SBR) located in Orissa state
in India. A prominent peak in leaf drop, leaf flush and flowering of overstorey species occurred in
March, April and April to May, respectively. However the peak period of such phenological events
in understorey species is slightly different than over storey species. The peak fruiting period of
both overstorey and understorey species are same i.e. from May to June. The fruiting phenology
follows closely the flowering phenology. Fruit fall culminates before or just at the beginning of the
monsoon season and, thus, ensures availability of sufficient moisture to seeds for germination
and seedling establishment. Leaf drop, leaf flush and flowering both in overstorey and under
storey species have been triggered by changes in day length and temperature, which indirectly
signifies that soil moisture availability may have shaped the phenological patterns of both
overstorey and understorey species. The phenological information obtained both for overstorey
and understorey species in the present study is mostly influenced by the seasons and would be
useful for planning proper management strategies in Similipal biosphere reserve to sustain
regeneration development .

Key words: Degree of disturbance, Fruiting, Flowering, Leaf flushing, Phenological activity,
Seasonality.

Introduction

Phenology is the study of the timing of recurring biological events, among phases of the plant
species, which provide a background for collecting and synthesizing detailed quantitative
information on rhythms of plant communities. Tropical plants with their high level of species
diversity display phenological events such as leaf drop, leaf flushing, flowering and fruiting, etc. in
relation to time and space (Justiniano and Fredericksen, 2000; Singh and Singh, 1992). Study of
such events is useful in evolving proper management strategy as well as better understanding of
natural forest regeneration potential and community level interactions (Fox, 1976). Studies from
different parts of the world have shown that climatic factors are mainly responsible for vegetative
and reproductive phenology at both community and species level. But phenology of the tropical
forest tree species is not well understood although water stress is most frequently cited as a
primary factor responsible for the timing of phenological events (Singh and Singh, 1992).
However , various phenological events are triggered by rainfall, water availability, temperature,
photoperiods, duration of dry spell and change in day length (Bhat and Murali, 2001; Hamann,
2004; Sivaraj and Krishnamurthy, 2002).

The tropical forests have a distinctive array of species different from temperate and rain forests. It
supports different varieties of overstorey and understorey plant species, which are major food
resources for a variety of biota (Bhat and Murali, 2001). In India extensive reports are available
on phenological studies of tropical tree species in forest ecosystems of Central Himalaya (Ralhan
et al.,, 1985a, b; Sundriyal, 1990), northeastern India (Shukla and Ramakrishnan, 1982; Kikim
and Yadav, 2001), Western Ghats (Bhat and Murali, 2001) and Eastern Ghats (Sivaraj and
Krishnamurthy, 2002). However the phenological pattern of tree species of Similipal Biosphere
Reserve(SBR), which is included under Eastern Ghats has not yet been worked out. Therefore
the present study aims at analyzing the phenological pattern of tree species to understand their
response to climatic factors and the periodicity of seasons.

Description of study sites

The study was conducted in northern tropical moist deciduous forests of Similipal in Mayurbhanj
district of Orissa (210 28/ to 220 08/ N latitude and 860 04/ to 860 37/ E longitude). It is a tract of
hilly terrain with gentle slopes and broad valleys at altitudes ranging from 80 to 869m. The soil of
all the forest sites is reddish in colour and loam to sandy loam in texture. The soil is slightly acidic
in nature with pH ranging from 5.23 to 6.52 and average monthly soil moisture content varies
from 18.13 to 40.25 % (Fig.1).

Lyonia, Volume 11(1), Pages [5-17], June 2006



Soil moisture in

percentage
Ky W 5K Ch
o0 009

e
2 O

H
T
[

— o }

= L

=, & o
N ==

Month

Fig. 1. Average monthly soil moisture content of Similipal
biosphere reserve

Figure 1

The climate of the area is monsoonal and divisible into three seasons; summer (March-June),
rainy (July- October) and winter (November-February). The climatic description is based on
temperature and rainfall. The average annual rainfall varies from 28.11 to 395.96 mm, and is largely
restricted to the period from July to October. Pre-monsoon showers are received during May and
June. Post monsoon showers are received during November and December. The mean maximum
temperature varies from 16.39 C (December) to 35.03 C (June) and mean minimum temperature from
5.7 C (January) to 21.57 C (June) (Fig.2). The natural vegetation is moist deciduous type (Champion
and Seth, 1968) and is dominated by Shorea robusta, Anogeissus latifolia, Buchnania lanzan,
Dillenia pentagyna, Syzygium cumini and Terminalia alata. Saxena and Brahmam (1989) have
given details of the floristic of SBR. Table 1 summarizes the salient features of the study sites.

Lyonia, Volume 11(1), Pages [5-17], June 2006



L8]]
L]
L)

—=— Rainfall
—— Temperature
= 400
= =|
= :
%E"-DU
= .
@ I "
3 200
100 |
0 —— .
58 3§
Foz4a

Fig.2. Rainfall and temperature data for the study period({2003-04)

Figure 2

Table 1: Characteristic features of study sites

kJ Lad B
= o o

Temperature in 0C

o

Site Elevation | Aspect Density Basal Normal | Damaged | Total D.l. L.l
(Plants/ha) | area trees trees (Normal (%)
(m2/ha) +Damaged)
Podadiha 80 South-East | 680 52.36 109 84 193 43.52 | HB
Bangirposi 226 East 675 59.54 107 81 188 43.68 | HB
Handipuhan | 280 West 715 48.71 111 96 207 46.38 | HB
Ghodabindha | 557 West 650 49.13 105 82 187 43.85 | HB
Chahala 774 North 875 88.59 168 29 197 14.72 | NB
Nigirdha 830 North 985 85.07 190 38 228 16.67 | NB
UBK* 824 South 970 84.86 186 36 222 16.22 | NB
Jenabil 869 South 895 104.92 | 175 31 206 15.05 | NB

L.I. - Level of Interference
D.l. (Disturbance Index) = Percentage of damaged individuals of the total number of woody
individuals per 2000 m2 area.
*UBK- Upper Barakamda

HB- High biotic interference; NB- No biotic interference
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Materials and Methods

Eight one-hectare permanent study plots were selected inside the Similipal Biosphere Reserve.
Four of the eight one-hectare plots were situated in buffer zone while the other four were situated in
the biotically undisturbed zone (core zone). All the overstorey and understorey woody plants having
cbh (Circumference at breast height, 137cm) of > >31cm were enumerated in each study plot. The
plants were identified following Saxena and Brahmam (1994-96) and Haines (1925). Phenological
observations were made on 90 species from eight sites along biotically disturbed and undisturbed
gradient, determined on the basis of protection afforded to each forest site, which is reflected through
the tree density, basal area and disturbance index of each study site. Individuals of each of the 90
species were marked and tagged for each species. Whenever the required number of individuals was
not available inside the permanent plot, additional individuals in adjacent area were also marked.
Besides, observations on large populations by taking additional similar stands were also made to
alleviate replication deficiency. If a given phenophase was observed in 5-10 percent individuals of a
species, it was considered to have initiated. For each tagged tree, records were made on leaf drop,
leaf flushing, flowering and fruiting. The duration of activity and phenological behaviour of tree species
were determined following the method given by Opler et al. (1980).

The phytosociological characters such as density and basal area of individual species were
quantified using standard quantitative methods (Muller-Dombois and Ellenberg, 1974). For measuring
disturbance index, the physical condition of each individual tree present inside the 10 x 10 m2 quadrat
was noted under normal and damaged categories. The trees involved under normal categories were
the healthy individuals. The damaged category included the individuals that were partly broken at the
top, partly dry or were green fallen. The individuals that were standing dead, dead cut stump and
completely dry were also taken into consideration. Because such plants create problems in
identification only numbering was done. All tree species were divided into two categories: (i)
Overstorey species consists of canopy and subcanopy trees with a height of > > 10m and (i)
understorey species with < < 10m. Evergreen species continually produce at least small amount of
new leaves throughout the year and do not show heavy leaf fall at a concentrated period whereas
deciduous species has a marked leaf fall and leaf flushing at a concentrated period of the year.
Duration and pattern of activity

Both brief and extended activity was observed for the periodicity of leaf flushing, flowering and
fruiting activity by individuals of a species population. Brief activity extends for 2 weeks or less while
extended activity refers to periods more than 2 weeks. A more or less continuous flowering and
fruiting activity throughout the year is referred to as continuous activity. The term seasonal and
extended activity refers to flowering/fruiting occurs during a given period and extending into more than
one period respectively. Marginal activity refers to species that have their activity occurring during
transition period of seasonal changes. When some individuals of a tree species are in
flowering/fruiting simultaneously is referred to as synchronous activity (S). The species showing
flower/fruit development during a distinct period is known as asynchronous (A).

Fruit maturation activity

There are 2 categories of fruiting activity i.e. rapid and lengthy. Rapid (r) can be characterized as
fruit maturation periods of 4 months or less following fertilization and those more than 4 months is
termed as lengthy (L).

Results and Discussion

Out of 90 species, 52 were deciduous (32 overstoreys and 20 understoreys), 21 were
semi-evergreen (17 overstoreys and 4 understoreys) and 17 were evergreen species (8 overstoreys
and 9 understoreys). The forest does not maintain its green appearance throughout the year because
majority of the species are deciduous in this forest. However in the wet months of July to October
deciduousness of the forest is not so conspicuous due to reduced leaf fall in comparison to the drier
and cool months. The general phenological stages of all species are presented in Table 2 (over storey
species) and Table- 3 (under storey species). Their seasonal phenological behaviours have been
discussed under leaf drop, leaf flushing, flowering and fruiting activities.

Table 2: Phenology of overstorey woody tree taxa of SBR

Name of the plant species | VT | Leaf drop Leaf Flowering Fruiting
flushing
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Anogeissus latifolia D [3(NA 4 (e) 6-9 (eA) 12-1, 3 (eRM)
Adina cordifolia D |23(r)A 4 (e) 6-7 (eA) 2-5 (eR)
Aegle marmelos D |34(r)A 5 (e) 3-4 (eA) 5-6 (eR)
Albizia procera SE | 5-6(rS 6(e) 8-9(eA) 12,1,2,3,4,5(el)
Albizia marginata E [1-2(HA 3(e) 5-6(eA) 10-4 (eL)
Albizia lebbeck D |1(NA 4(e) 2-4(eS) 3-6(eR)
Alangium salvifoila D |1-2(nA 3(e) 2-5(eS) 3-5(eR)
Anthocephalus cadamba | E | 1-12/3-4*() S | - 5-7(eA) 8-10(eR)
Buchanania lanzan D |121(nS 1(e) 2-3(eS) 3-4(eR)
Bridelia retusa E | 1-12/3-4*() S | - 8-10(eA) 11,12,1(eR)
Bombax ceiba D |23(r)A 4(e) 3-4(eS) 3-6(eR)
Baringtonia acutangula SE | 2-3(NA 4(e) 5(eA) 9(eR)
Croton roxburghii D [1-2(nA 3(e) 1-2(eA) 3-4(eR)
Careya arborea D |23(nNS 3(e) 3-5 (eA) 7 (eR)
Cassia fistula D |34(nS 4 (e) 5-8 (eA) 1-12/4* (eL)
Dalbergia sisoo D 12123 (A |4(e) 3-4 (eA) 6-7 (eR)
Diospyros melanoxylon D [1-2(nA 3(e) 5 (eS) 5-7 (eR)
Dalbergia latifolia D |46()S 6 (e) 9 (eA) 1-2 (eR)
Dillenia pentagyna D |255()S 5(e) 3-4 (eA) 5-6 (eR)
Diospyros embryopteris E | 1-12/3-4* () 4 (e) 5 (eS) 3-6 (eR)

S
Diospyros malabarica E | 1-12/2-3* (1) 4 (e) 3-4 (eA) 5 (eR)

S
Diospyros sylvatica SE | 34(nNA 4 (e) 5 (eA) 1-3 (eR)
Diospyros Montana D |12(nsS 2 (e) 4-6 (eA) 12 (eR)
Ficus benghalensis SE|3(NA 5-6 (e) 5-8 (eS) 4-6,12-2 (eRM)
Ficus hispida SE|3(NA 4-5 (e) 1-12 (eS) 10-12 (eR)
Ficus microcarpa SE|3(S 3-4 (e) - 10-4 (eL)
Ficus religiosa D |12-2()A 3-4 (e) - 6-10 (eL)
Gmelina arborea D [24()S 4 (e) 2-4 (eA) 5-6 (eR)
Garuga pinnata SE|1-2(nS 2-3 (e) 2-3 (eS) 3-5 (eR)
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Kydia calycina D [3(nNS 3.5(b) 9-11 (eA) 12-5 (eL)
Lannea corromandelica D |34(nsS 4 (e) 3-4 (eS) -
Lagerostroemia parviflora | D | 2-3(r) S 3(e) 4-5 (eA) 12-1 (eR)
Madhuca indica D [34(nS 4 (e) 3-4 (eA) 6-7 (eR)
Mangifera indica SE | 4-5(NA 6 (e) 1-3 (eA) 5-6 (eR)
Mitragyna parviflora SE | 46()S 4-6 (e) 5-6 (eA) 3-4,11 (eRM)
Melia dubia D |34(nHA 5 (e) 6 (eS) 6 (eR)
Miliusa velutina D [4(nA 5-6 (e) 5-6 (eS) 6-7 (eR)
Michelia champaca SE|35()S 3,10 (M) 4-5 (eA) 7 (eR)
Pterocarpus marsupium SE | 45(nNS 5-6 (e) 10 (eA) 12-1 (eR)
Protium serratum D |34(nS 4(e) 4 (eA) 5-8 (eR)
Phoebe wightii SE|3(HA 4 (e) 4.5 (bS) 5-6 (eR)
Phoebe lanceolata SE | 2-3(NA 4(e) 4-5 (eS) 5-6 (eR)
Shorea robusta D |3(NA 4 (e) 3-4 (eA) 6-7 (eR)
Syzygium cumini SE|2-3(NA 4 (e) 3-4 (eA) 5-7 (eR)
Syzygium cerasoides SE | 34(nNS 4 (e) 5-6 (eA) 8 (eR)
Sterospermum D [3(NA 4 (e) 4-5 (eA) 9-2 (eL)
suaveolens
Schleichera oleosa SE | 3(N A 4 (e) 3 (eA) 6 (eR)
Suregada angustifolia E | 1-12/1-2*(I) 2 (e) 3-4 (eA) -

S
Samanea saman E |1-12()S - 3-4 (eA) 5-7 (eR)
Schrebra swietenoides SE | 2-3(NA 4-5 (e) 4-5 (eS) 5-6 (eR)
Terminalia alata D |350NHA 6-7 (e) 5-6 (eA) 7-10 (eR)
Terminalia chebula D |[23(nA 4 (e) 4-5 (eA) 11-2 (eR)
Terminalia bellirica D [23(HA 4,10 (eM) 3-5 (eA) 1-2 (eR)
Trewia nudiflora D |12,1-2()A 3 (e) 1-3 (eA) 10-12 (eR)
Terminalia arjuna D |3(NA 4 (e) 4-7 (eS) 5-8 (eR)
Vitex leucoxylon E |- - 5-6, 10 2 (eR)

(eAM)

Xylia xylocarpa D |45(nS 5 (e) 4-5 (eS) 2-4 (eR)
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V[IMAGE] [IMAGE] T vegetation type; 1-12: January to December; r = rapid leaf drop < < 2
months; | = lengthy leaf drop > > 2 months; * = concentrated period of leaf drop; e = extended
flowering/fruiting extending into more than one period; S (synchronous)= flowering/fruiting taking
place simultaneously; A (a synchronous)= Flower/Fruit development during distinct period; D=
deciduous; E= evergreen; SE= semi-evergreen; b= brief periods < < 2 weeks per episode; e=
extended periods > > 2 weeks per episode; M= multiple events per year; R= rapid fruit maturation < >

4 months.

Table-3: Phenology of understorey woody tree species of SBR

Name of the plant species | VT | Leaf drop Leaf flushing | Flowering Fruiting
Artocarpus lacucha SE|3(NA 4 (e) 12,4 (eA) 5,10-11 (eRM)
Alangium salvifolium D |10-11(nA 1-2 (e) 1-3,12 (eSM) | 1-5 (eL)
Bauhinia malabarica E |1-2(nA 3 (e) 3-6 (eS) 5-11 (el)
Bauhinia purpurea SE|4(NA 6 (e) 7-8 (eA) 10-11 (eR)
Bauhinia variegata E [3(NDA 4 (e) 2-3 (eA) 4-5 (eR)
Crateva religiosa D |1-3(nS 3 (e) 3-4 (eA) 6 (eR)
Casearia graveolens D |56(MS 6 (e) 5-6 (eS) 5-7 (eR)
Cartunaregum spinosa D |34(HA 5 (e) 4-5 (eA) 9-12 (eR)
Chionanthus intermedius D |34(nNS 5 (e) 1-4 (eS) 3-5 (eR)
Casearia elliptica D |24(nS 4 (e) 2-5 (eS) 4-5 (eR)
Cleistanthus collinus D |34(nHA 4 (e) 4-5,9 (eAM) | 3-4 (eR)
Euonymus glaber E |- - 5 (eAS) 3-6 (eR)
Ficus glomerata D |10-11(n A 12-1 (e) 4 (eS) 3-6 (eR)
Glochidion velutinum D |34(nS 4-5 (e) 4-5 (eA) 6-8 (eR)
Glochidion lanceolarium E |- 3 (e) 3-5 (eA) 9-1 (el)
Gardenia latifolia D |34(HA 5 (e) 4 (eA) 12-6 (eL)
Gardenia gummifera D [4(nA 5(e) 3-5 (eA) 6-8 (eR)
Homalium nepalens D |34(nHA 5(e) 5-6 (eA) -
Hymenodictyon excelsum D |115()S 5 (e) 8 (eA) 1 (eR)
Holarrhena D |24()S 4 (e) 5-7 (eA) 12-2 (eR)
antidysentrica

Hyptianthera sticta E |1-12()S - 4-8 (eA) 11-2 (eR)
Ixora parviflora E |112()S - 3-5 (eS) 5-6 (eR)
Ligustrum gamblei SE | - - 6-8 (eA) 12-1 (eR)
Nyctanthes arbor-trstis D |45(NS 5 (e) 9-11 (eA) 12-1 (eR)
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Ochna obtusata D [23(HA 4 (e) 3-5 (eA) 6-8 (eR)
Phyllanthus emblica D |[4(NA 5(e) 9 (eS) 9 (eR)
Prunus ceylanica SE | 9-10(nNA 11 (e) 8 (eA) 11-2 (eR)
Securinega virosa D |34(nS 4 (e) 5-9 (eS) 5-9 (el)
Symplocos cochinchinensis | E | 1-12/5-6*(r) S | 2-3 (e) 1-3 (eA) 4-6 (eR)
Wendlandia tinctoria E | 1-12/1-2*(r) S | 3-4 (e) 9-10 (eA) 3-6 (eR)
Wendlandia exerta E | 1-12/2-3*(r) S | 4-5 (e) 1-3 (eS) 3-4 (eR)
Ziziphus rugosa D [1-3(hA 5(e) 3-4 (eS) 4-5 (eR)
Ziziphus mauritiana D [1-2(nA 4 (e) 2-3 (eA) 5-7 (eR)

V[IMAGE] [IMAGE] T vegetation type; 1-12: January to December; r = rapid leaf drop < < 2
months; | = lengthy leaf drop > > 2 months; * = Concentrated period of leaf drop; e = extended
flowering/fruiting extending into more than one period; S (synchronous)= flowering/fruiting taking
place simultaneously; A (a synchronous)= Flower/Fruit development during distinct period; D=
deciduous; E= evergreen; SE= semi-evergreen; b= brief periods < < 2 weeks per episode; e=
extended periods > > 2 weeks per episode; M= multiple events per year; R= rapid fruit maturation < >
4 months.

Leaf drop

Leaf drop may be total or partial depending upon the species. In some truly deciduous taxa, all or
most of the old leaves got abscised before the arrival of new ones and the tree was bare for a period
of weeks or to few months. Examples of this category are Anogeissus latifolia, Adina cordifolia,
Aegle marmelos, Albizia marginata, Bombax ceiba, Croton roxburghii, Diospyros melanoxylon,
etc. In other species such as Ficus benghalensis, Albizia procera, Barringtonia acutangula,
Diospyros sylvatica, Garuga pinnata, Ficus microcarpa, Mangifera indica and Mitragyna
parviflora, leaf fall and leaf flushing processes slightly over lapped in the same tree. In evergreens
old leaves were abscised over a period of time throughout the year, thus, retaining a steady
population of functional leaves all the time. Majority of the species start leaf shedding in dry months
i.e. from January and extending up to May and being low in other months. The peak of leaf drop was
recorded in February to March in overstorey species and March to April in understorey species
(Fig.3). In overstorey species the leaf drop was significantly (F = 23.906, P< < 0.001) different among
the seasons but insignificant between the sites. However, in understorey species the variation of leaf
drop was significant both among the seasons and sites (F = 29.835, P << 0.001; F =12.688, P< <
0.001 for season and site, respectively). Such phenological leaf drop in overstorey species in relation
to aspects was insignificant but significant (F = 6.884, P< < 0.001) in understorey species (Tables 4
and 5). Again the study reveals that site, season and category have no interactive significant effect on
leaf drop, while site, season and the degree of disturbance among the study sites for both the layers
have interactive effects on leaf drop which is statistically significant (F = 4.104, P< < 0.05) (Table-6).
Arjunan and Ponnammal (1993) stated that leaf drop is delayed due to rain and high temperature and
advanced due to drought and low temperature. In the present investigation it was observed that the
leaf drop of overstorey and understorey species had negative significant correlation with rain fall (r =
-0.609 and -0.610 for overstorey and understorey species, respectively at p < > flowering after leaf
flushing > > flowering before leaf flushing> > flowering later after leaf flushing. For understorey
species the order was: flowering and leaf flushing simultaneously > > flowering later after leaf flushing
> > flowering after leaf flushing = flowering before leaf flushing. The synchronization of flowering with
leaf flushing seems to be related to moisture, temperature and photoperiod ( Bhooj and Ramkrishnan,
1981; Murali and Sukumar, 1994). Cool and dry winter period is responsible for maximum leaf drop
whereas increase in temperature during warm and dry periods induces the leaf flushing and flowering
in most of the species.
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Fig 5. Number of overstorey and understorey species in flowering

Figure 5

Fruiting activity

Fruiting activity was observed throughout the year with approximately 1.5 times more activity
around May and June than in December (Fig.6). The peak period of fruit maturity in the present study
was observed during winter and summer. The fruit development period for different species of both
layersvaries from 4 to 28 weeks. A majority of the species in both the categories showed rapid fruiting
activity. Next to rapid fruiting activity a larger proportion of species recorded lengthy fruiting behaviour
but only very few species had multiple fruiting behaviour (Table-2 and 3). Almost all tree species had
phenological patterns that synchronized flowering and fruiting in the dry months i.e. April, May and
June. Most of the species flowered at the beginning of April and fruited near the end of May and
beginning of June, needing only a short time for the development of fruits. Rest of the species
flowered during April and May, fruited during December, with a moderate amount of time required for
fruit development. Flowering and fruiting at hottest summer i.e. April and May have selective
advantage. It is more efficient to transfer assimilates directly into growing organs rather than having to
store them and mobilize and translocate them latter (Wright and Schaik, 1994). We observed strong
positive correlations (r =0.962 and 0.963 at P < < 0.001 for overstorey and understorey tree species,
respectively) between the temperature of hottest months and the number of species fruited in the
same period. This perhaps establishes that increased temperature favours formation of fruits in most
of the overstorey and understorey species. Analysis of variance of fruiting activity between site,
category and season was found significant (F= 2.278, 19.97 and 138.21 at P < < 0.05, 0.001 and
0.001 for site, season and category, respectively). But such phenological parameter has no interactive
effect between site, season and category. However, season, category and the degree of disturbance
among the study sites have interactive significant effect (F = 5.214) at P< < 0.01 (Table 6).
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Table 6: Analysis of variance of different phenological conditions of overstorey and understorey
woody tree species of SBR.

Phenological | F-value
condition between
parameters
Season Site Category | Disturbed Season X | Season X Site
and Site X X Disturbed
undisturbed | category | and
undisturbed
Leaf drop 22.383*** 1.133 19.509 0.00069 0.368 4.104*
(NS) i (NS) (NS)
Leaf flush 14.68*** 19.54*** | 3.29 0.00048 2.09 * 7.875 **
(NS) (NS)
Flowering 96.69%** 1.654 81.021*** | 0.084 (NS) 2.189* 21.675%*
(NS)
Fruiting 19.97*** 2.278* 138.21*** | 0.590 (NS) 1.354 5.214**
(NS)

***_ Significant at P< < 0.001

**. Significant at P < < 0.01

*- Significant at P < < 0.05

In both the category of woody tree species ripening of fruits began in the later part of rainy
season and continued upto end of cool and dry winter period. This is due to the difference in time
taken for fruit maturation. Forty-seven out of 57 overstorey species showed extended and rapid
fruiting activity, while only 7 and 3 species showed extended lengthy and extended rapid and multiple
fruiting activity, respectively. Similarly out of 33 understorey species 27, 5 and one species showed
extended rapid, extended lengthy and, extended and multiple fruiting activity, respectively. Similar
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observation has also been reported for tropical forests (Bullock and Solis Margallenus, 1990; Frankie
et al., 1974) of Himalaya. It has also been reported that minimal pest pressure (Aide, 1988) and
maximal activity of pollinating insects (Foster, 1996) may occur during dry season. Also fruit
production at the end of dry season ensures that seedlings are not immediately exposed to water
stress.
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Sequestration and storage capacity of carbon in the canopy oak
trees and their epiphytes in a Neotropic Cloud Forest, Colombia

Abstract

For this project, the sequestration and storage capacity of carbon were quantified in canopy trees
along with their epiphytes in a fragment of a cloud forest where oak trees - Quercus humboldtii -
represent the largest part of the whole forest. It was found that each of the components of the
epiphyte-host tree system shows different percentages of C concentration. In the case of Oak
trees, it was found that the branches with diameters lower than 5 cm. have the largest capacity in
capturing C (40.13%), followed by the wood contained in the trunk and in branches with
diameters higher than 5 cm (38.75%) and fresh leaves and dead leaves show (35.95%) and
(34.05%) of C retention respectively. In the case of epiphytes growing on these trees, it was
discovered that the lichens and bryophytes yielded a 43% of C, being the component with more
capacity of retention of C in the epiphyte - host tree system; the bromeliads had a capacity of
38.82% also presenting a bigger capacity of capture of C than that of the components of their
host tree, excepting the upper branches. As for the C stored in the biomass it was found that in
the four evaluated trees and their epiphytes, there was 32 066 kg in 0.0938 ha.

Key words: Neotropic, Cloud Forest, Carbon sequestration, Canopy, Oaks, Epiphytes

Resumen

Se cuantificé la capacidad de captura y almacenamiento de carbono en arboles de dosel y sus
epifitas en un fragmento de bosque de niebla dominado por arboles de Quercus humboldtii. Se
encontr6 que cada componente del sistema epifitas - hospederos presenta diferentes
porcentajes de concentracion de C, en el caso de los arboles de roble se obtuvo que las ramas
con diametros inferiores a 5 cm. son las que mayor capacidad de captura de C presentan
(40.13%), seguido por la madera contenida en el tronco y en las ramas con didmetros mayores a
5 cm (38.75%), las hojas frescas (35.95%) y la hojarasca (34.05%). En el caso de las epifitas
gue crecen sobre estos arboles se encontré que los liquenes y bridfitos con el 43 % son el
componente que mas capacidad de retencién de C tuvieron en el sistema epifitas - hospederos;
las bromelias tuvieron una capacidad de 38.82% presentando también una mayor capacidad de
captura de C que la de los componentes de su hospedero, exceptuando las ramas superiores.
En cuanto al C almacenado en la biomasa se encontr6 que en los cuatro arboles evaluados y
sus epifitas, hubo 32 066 kg en 0.0938 ha

Palabras claves: Neotropico, Bosque de niebla, Captura de carbono, Dosel, Robles, Epifitas

Introduction

Tropical forests and temperate zones sequester and store more carbon than any other terrestrial
ecosystem does. In addition, these ecosystems contribute to the 90% of the annual flow of C
between the atmosphere and the ground (Brown et al. 1993, Dixon et al. 1994). This fact has
generated a special concern about the great importance of these forests as C stock places
(Husch 2001), since they store big amounts of greenhouse gases, especially CO2 (Macera et al.
2000).

In the case of tropical forests, these have received special attention due to their wide covering on
a great part of the terrestrial surface (Terborgh 1985), the rapid transformation rate into
commercial plantations and pastures (Vitousek et al. 1987), and their contributions to the C
cycles as well as their potential impacts in the global weather (Brown & Lugo 1982). In the last
decades, the amount of C found in land vegetation has generated a special concern, so different
conservation and reforestation strategies have being posed in order to face this situation (Macera
et al. 2000).

Eleven percent of these tropical forests are represented by montane and submontane forests.
They are spread all over America, Africa, Southwest of Asia, and Pacific islands (Doumenge et
al. 1995). In America, Montane and submontane forests are located in Central America, the
Caribbean (Labastille & Pool 1978) as well as in the tropical Andes in the northern part of South
America (UNESCO 1981). In this continent, the biggest extension of montane forests is located in
Peru, followed by Colombia, Bolivia, Ecuador, and Venezuela.
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In Colombian submontane and montane forests, where generally a co-dominance is presented
among several species, it can be found homogeneous woods dominated by Oaks - Quercus
humboldtii- (Lozano & Torres 1974). These forests are located in the three Colombian mountain
ranges, covering areas from 1 100m up to 3 450m high (Cavelier et al. 2001). In the past, these
forests covered big areas of land. However, nowadays, the presence of the oak in Colombia is limited
to discontinuous fragments that put it in certain threat degree (UNESCO 2001). So far, studies about
the capacity of capturing carbon in canopy trees (Q. humboldtii) and their epiphytes had not been
carried out. Therefore, the following article is an approach to know the role of the Oak trees as well as
their epiphytes that they hold in the storing process of C; this with the purpose of showing one of the
many environmental services that this ecosystem provides.

Materials and Methods

Study Area

The project was carried out in the Macanal Reserve located in the eastern Colombian Andean
Mountain, in a town called Bojaca, located 27km far from Bogota. The study area is a montane cloud
forest which is in a precipitous area with steep slopes, and it is located at 2700m above the sea level.
The vegetation presents different levels of human intervention, and this is shown in the fragments of
mature forests where mature Oak trees (Q. humboldtii) are the predominant species.

The climatology data of the area is registered by the Acapulco weather station of the "Instituto de
Hidrologia, Meteorologia y Estudios Ambientales (IDEAM)". According to the 13 year-old data
analysis (from 1990 to 2002), it has a precipitation with a bimodal behavior with an annual average of
61.5mm of rainfall; in which the most rainfall months that are March, April, and May in the first term of
the year, and October and November in the second term. The average annual temperature is about
13° C, with the highest temperature on May with about 13.4° C and the minimum on July with about
12.6° C. The relative annual humidity average is about 91.9% for April, June, and July present the
highest percentage with about 93%.

Methods

This study was carried out in an oak forest where neither wood mining, nor any other kind of
forest profit have taken place. The methods used for measuring the tree volume were not destructive
at all. In fact, in order to measure the trees and the epiphytes, five platforms were built over the upper
surface of the four Canopy trees - Q. humboldtii- to an average height of 20m and 23m. By
means of a simple rope technique and tree-climbing equipment, it was easy to have access to
different parts of the four chosen trees such the trunk and the crown as well as to the platforms.
The approximate biomass of each evaluated tree was calculated from the tree volume and the
wood density. For each tree, the trunk and the branches volume were calculated. For this, the length
and the diameter of each trunk and branch were measured, and after that, we calculated the volume
with the cylinder equation. In addition, the wood density was obtained from fragments of trunks and
branches. For these samples, it was taken advantage of the natural falling of canopy oaks that were
near the study area.

The biomass found in green leaves and upper branches of the crown was calculated from the
gathering of six branches of different trees with approached dimensions of: 2m x 2m x 2m. All the
leaves were taken off these branches in order to be dried and weighed. Subsequently, the
number of branches that showed a covering of 2m x 2m x 2m was counted in each tree. With
this, it was made an approximation of the number of branches and the quantity of biomass that these
held.

The total biomass of bromeliads and organic matter placed on the bromeliads was evaluated in
the selected trees taking into account the following parameters: 1) species, 2) number of individuals
from each species in each host tree, 3) age class of the epiphytes. This was established from the
gathering of 115 individuals that came in different sizes and the seven species that lived in the
place. The diameter and the height were measured from these individuals, and then, leaves were
taken off. Once the plant was stripped off, the bromeliad leaves were separated from the organic
matter placed on the plant. Both samples were dried to a temperature of 70° C up to the point of
obtaining a homogeneous drying to be weighted to obtain the biomass quantity after all. The analysis
of bromeliads was carried out by visual estimation after having established the size.

Likewise, the biomass of lichens and bryophytes held in the crown tree was calculated from the
selection of 32 branches of well-known volume with distinct diameters and located in different points
of the crown of different trees. The lichens and bryophytes biomass held in the trunk was evaluated
from six trunk parts of mature trees. All lichens and bryophytes were taken off to the 38 branches and
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trunk fragments, so that they could be dried to a temperature of 70° C with the purpose of obtaining
the biomass value. The total biomass of lichens and bryophytes was calculated starting from
generalizating about the samples of the whole tree volume.

The capacity of carbon sequestration in each component was determined in the laboratory by
means of oxidation by using a dicromato potassium solution mixed with sulphuric acid measured
colorimetrically. To sum up, 36 tests were made that were distributed in the following way: six
samples of wood taken from the trunk, six samples of branches, six samples of green leaves, six
samples of dead leaves, six samples of non-vascular epiphytes which included lichens and
bryophytes, and, six samples of bromeliads. The sample C content was carried out at the "Corpoica -
Tibaitata" soils laboratory.

Results

The aerial biomass of oak trees and their epiphytes

The evaluated aerial biomass was made up by the trunks, branches and leaves of each tree
studied besides all the group of epiphytes that they held. The selected trees presented an average
height of 25m and 26m, coverings between 209m2 and 255m2, and diameters between 0.86m and
1.70m (Table 1). The biggest percentage of biomass was found in the wood contained in the trunk,
and the branches with a diameter higher than 5¢cm, where values fluctuated between 15 000kg and 25
000kg (Table 2). The branches with a diameter lower than 5cm were the ones that less biomass
presented with an average between 58% kg and 78kg. Finally, it was found that the biomass of
the green leaves had an average between 20kg and 28kg (Table 3).

In the case of the epiphytes associated to the oak tree and to the organic matter placed on the
bromeliads, it was found that the biggest biomass was provided by the lichens and bryophytes with
values between 36kg and 63kg, continued by the bromeliads whose biomass fluctuated between 6kg
and 39kg, and finally, the organic matter placed on the bromeliads with values between 4kg and 23kg,
which was made up mostly by dead oak tree leaves (Table 2).

Cover DEH Trunk Crown Total
(m~) (m) height (m) helght {m) height (m)
Tree | 253.98 0.99 5 21 26
Tree 2 2093 0.86 5 20 25
Tree 3 241.5 0.73 3 21 26
Tree 4 233.91 1.70 7 18 25
Table 1.Sampled oak trees - Quercus humboldtii- characteristics

Components per tree (ka) (kg) Epiphyies (ko)
Trunk wood and Branches with Organic matter Lichens
branches diameters (ireen placed on the and
with diameters lowerthan §  Leaves simple Bromeliads bryvophvies
b hgherthan3cm L _ bromeliads | i =
[ree
| 24 626 T0.48 2484 23 392 62.67
Tree
2 19 20 6006 2117 5.44 108 52.55
Tree
3 15 B9T 58.22 20,52 4.75 6.8 38.1
Tree
4 22 246 TE22 2r 22 10.07 |5 6
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Table 2.0ak tree biomass distribution in each one of its components and the epiphytes distribution that grow in
the crown including the organic matter accumulated on it.

Sequestration and Storage Capacity of C

The capacity of sequestration of carbon fluctuated in the different components of the oak tree.
The values were between 35.95% and 40.13 % (Table 3). The component with the biggest capacity of
C capture was that of the branches with diameters lower than 5cm with 40.13%, continued by the
wood contained in the trunk and in the branches with superior diameters to 5cm with 38.75%; then,
the fresh leaves with 35.95%, and finally, the dead leaves produced by the tree with 34.05% (Table 3)
On the other hand, in the epiphytes grown in the outer canopy it was found that the lichens and
bryophytes presented 43% of C. These showed to be the component with the biggest C capacity of
capturing inside the epiphytes epiphyte-host tree system. Bromeliads captured 38.82% showing a
higher capacity of capture than of the components of their host tree, except by the superior branches.
(Table 3)

Component n) X el B}
Branches with diameter lowerthan 5em | 6 40,13 | 7.71
Trunk wood and branches with
(Oak tree | diameters higher than 5 cm i 3875443
(reen leaves 6 | 3595|479
Dead leaves 6 34.05 448
Epiphytes | Bromeliads 6 | 38.82 | 3.81
Lichens and bryophytes . 5] 43 . T.27

Table 3. C (%) capture capacity in oak trees ( Q. humboldtii ) as well as the epiphytes held on them. n = number of
individuals; X = average value; SD = standard deviation.

As for the C stored in the biomass it was found that in the four evaluated trees and their
epiphytes, there was 32 066kg in 0.0938ha - corresponding to the sum of the coverings of the four
evaluated trees -. The biggest quantity of C was found in the trunk and the branches higher than 5cm
with values between 6 161 and 9 543kg. On the other hand, the branches lower than 5cm captured
between 23.36kg and 30.99kg. Finally, the green leaves captured between 7.38kg and 9.78kg.
Concerning the epiphytes, the lichens, and the bryophytes, the values were between 15.65kg and
26.95kg. The bromeliads had between 2.6kg and 15.2kg while dead leaves had between 1.62kg and
7.66kg (Table 4).

Components per tree (kg) (kg) Epiphvies (k)
Trumk wood and Branches with  Green Organic matter | Bromehads | Lichens and
branches with diameters.  diameters lower  leaves placed on the bBrvophyvies
migher than 3 ¢m Than 3 cm simple bromeliads
Tree | B 542 58 28.28 5.93 7.6y 152 2695
Trec 2 7 478.36 24.10 7.61 .85 42 2260
Tree 3 f 16009 23.36 T.38 1.62 26 1638
Tree 4 B 620,33 10,049 .74 143 5.8 15.65

Table 4. Carbon content of tree stock in each component of the oak tree, their associated epiphytes and the
intercepted organic matter.

Discussion

One of the main factors that is affecting the montane cloud forests is Global warming which is
directly associated to the growing presence in the atmosphere of greenhouse gases and the
destructive emissions of the ozone layer (Hamilton 2001). In addition, the deforestation processes
have reduced the original montane woods coverage in South America, and in fact, they are
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considered along with the tropical dry woods, to be the most threatened ecosystems in the world
(Cavalier et al. 2001). Concerning oak forests it has been estimated that it is necessary at least a
period of 65 years to restore the structure and floral composition, without taking into account
epiphytes, and at least 84 years to reach the structure of a mature oak forest (Kapelle 2001).
Some years ago, before knowing the importance of oak forest fragments as protectors of basins
of great importance for the hydric system, regulators of the regional weather conditions, and their role
in the cleaning of air among other environmental services, the oak tree was used for carpentry
purposes as well as agricultural purposes. It also was used for doing posts, fences, house and
railroad beams, floors, bodywork, fine joinery, and coal, amongst other uses (UNESCO 2001). These
uses without appropriate handling generated alterations in the storage of C in oak forests.
Deforestation as well as the incorrect use of soil have produced a reduction in the flow of the C and in
their percentages of storing. This change is due to the lower biomass of pastures and certain crops
(Macera et al. 2000)

In the oaks evaluated, it was found that the percentage of C in the biomass of the host trees and
their epiphytes was, in all the cases, inferior to 50% indicated as value for defect for the IPCC (1996),
and inferior to values reported in other studies where it has been registered that the content of C of
the wood of conifers is between 50 and 53% while in the species of wide leaf varies from 47 to 50%
(Ramirez et al. 1997). These differences are probably due to that it is a mature forest where the
efficiency of fixation of C is smaller, contrary to what happens in the secondary forests that are
composed of species of quick growth (Denslow 1980), and that these can have a bigger efficiency in
the fixation of the C that the primary forests (Ortiz 1997).

In spite of the low values in the concentration of C in the canopy oak trees and in their epiphytes,
the epiphyte - host tree system presented high values of biomass which makes that this system can
retain a significant quantity of C. However, it should be kept in mind that this study had as objective
the estimation of the biomass of huge trees; therefore, the data that was obtained is generalized only
to mature individuals of oak, and not to big extensions of vegetable covering, since in the forests there
is not a continuity of this type of trees neither of its epiphytes. As a result, an overestimation of the
aerial biomass can be made and, consequently, content of C can be mistaken. Brown & Lugo (1982)
affirm that the presence of trees with big diameters can have a great influence on the vegetable
biomass as well as the quantity of C.

To calculate the percentage of the sequestration and storage capacity of C in a forest has
become a tool to keep big extensions of vegetable covering, since the storage of C helps to mitigate
the global warming (Husch 2001). To be able to know in a more precise way which is the quantity
of C that can store a natural forest it becomes necessary to calculate not only the wooden quantity in
living vegetation, but also the biomass of all those herbaceous forms of life that grow in the soil as
well as on the trees, since these forms of life are abundant in the tropical forests. In the case of the
epiphytes, these are an important component of the tropical forests since they contribute significantly
with the total of the biomass (Ingram & Nadkarni 1993), the diversity of species (Gentry & Dobson
1987), and in the cycle of several nutrients (Nadkarni 1984) of these ecosystems.

The forests of Quercus humboldtii have several important elements to take into account inside
projects that imply forests like places that sequester and stock C, and conservation. These are forests
of wide distribution along the three Colombian mountain ranges whose conserved relicts harbor big
mature trees with a high biomass that are also covered by a great epiphytes biomass that at the same
time intercepts a part of the organic matter that falls. All this biomass accumulated in the epiphyte -
host tree system makes these forests to be potential resource to storing significant quantities of gases
of effect greenhouse effect and in particular CO2; obtaining one more environmental service from
these ecosystems.
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Tree population structure, regeneration and expected future
composition at different levels of  Lantana camara L. invasion in the
Vindhyan tropical dry deciduous forest of India

Abstract

This study deals with the differential response of Lantana camara L. (lantana) cover on the forest
structure, regeneration and expected future compositional change of tree species in the Vindhyan
dry deciduous tropical forest of India. A total of 90 quadrats, distributed over three sites, differing
in lantana cover (low; 0-30%, medium; 31-60% and high; 61-100%), were used to enumerate the
tree species. A total of 37 species with 14851 stems were enumerated from the three study sites,
which were in gradient of lantana cover. Number of species varied from 21 to 30, while the
number of individuals varied from 3408 to 7458 per site with former in high and later in low
lantana cover. PCA ordination and Bray-Curtis cluster analysis revealed that the sites were not
very unique with tree composition but showed marked uniqueness of sites in terms of seedling
composition. The distinctness of species composition in the seedling stage is indicative of
marked temporal dynamics, of this lantana invaded forest. The site wise regeneration analysis
with the relative density of tree species at each life cycle stage (adult, sapling and seedling)
showed that regeneration of species is poor at high-invaded site. The least invaded site indicated
good regeneration with many new species emerging. Such differential change in vegetation
composition at different lantana cover may be attributed to changed light and fire regime and also
due to increased allelopathic suppression of tree seedlings. In conclusion lantana cover is
suppressing regeneration and reducing availability of forest resources, which is of serious human
concern.

Key words: Bray-Curtis analysis, future forest composition change, Lantana camara cover, PCA
ordination and regeneration

Introduction

Invasive alien plants have become a serious threat to plant biodiversity in many parts of the world
(Mack et al. 2000). These invasive species form very dense population, which affect the
population dynamics of the persisting species (Mack et al. 2000). Land-use changes such as the
replacement of natural ecosystems by agricultural systems clearly alter many ecosystem
functions and may promote biological invasions (Hobbs, 2000). In India, tropical forests account
for approximately 86% of the total forest land (Singh & Singh, 1988) and dry forests account for
38.2% of the total forest cover (MoEF, 1999). These forests are under immense pressure due to
various human induced activities. The human population of the Sonebhadra district in the
Vindhyan region increased from 683249 in 1981 to 930993 in 1991 and 1463468 in 2001 (about
36.25% increase in previous 10 years and 57.20% increase in later 10 years) (Rajya Niyojan
Sansthan, 2000; Anonymous, 2003). These forests are also exposed to illegal sporadic tree
felling, wide spread lopping of trees for timber resources and shrubs for fuel wood and leaf for
fodder (Singh & Singh, 1989; Jha & Singh, 1990). This rapid modification of the habitat facilitated
the invasion of Lantana camara (lantana) at an accelerated rate, which can affect species
regeneration and subsequently leading to future compositional change of the forest. Although
lantana may potentially have a devastating impact on the community structure and dynamics of
forest ecosystems throughout the tropical world, there are very few studies that focus on how the
cover of this species are actually affecting the tree species regeneration and future composition
of the forest

Materials and Methods

Study area

The study area lies on the Vindhyan plateau in the Sonebhadra district of Uttar Pradesh (24° 13’
to 24°19' N; 83°59’ to 83°13’) (Fig 1). The elevation above the mean sea level ranges between
315 and 485 m (Singh & Singh 1992). This area has been known as "Sonaghati" (golden valley)
due to richness of its natural resources (Singh et al. 2002).

The climate is tropical with three seasons in a year, i.e. summer (March-mid June), rainy (mid
June to September) and winter (October to February). October and March constitute the
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transition months between the rainy and winter seasons, and between winter and summer
seasons, respectively. The average rainfall varies between 850 and 1300 mm. About 85% of the
annual rainfall occurs during the rainy season from the southwest monsoon. The maximum monthly
temperature varies between 20°C in January to 46°C in June, and the mean minimum monthly
temperature between 12°C in January to 31°C in May.

Red coloured and fine textured sandstone (Dhandraul orthoquartzite) is the most important rock
of the area. Sandstone is generally underlain by shale and limestone. The soils derived from these
rocks are residual ultisols and are sandy-loam in texture (Raghubanshi 1992). These soils are part of
the hyperthermic formation of typical plinthustults with ustorthents according to VII approximation of
the USDA soil nomenclature (Singh et al. 2002). The potential natural vegetation of the region is
tropical dry deciduous forest, which is locally dominated by species such as Anogeissus latifolia,
Boswellia serrata, Buchanania lanzan, Diospyros melanoxylon, Hardwickia binata, Lagerstroemia
parviflora, Lannea cormendelica, Madhuca longifolia, Shorea robusta and Terminalia tomentosa.
Methods

Reconnaissance survey of the entire region was made and three sites were selected at random,
these sites had visually different levels of lantana invasion. At each site 30 quadrats each 10 x 10 m
in size, were sampled randomly for vegetation analysis. A total of 90 quadrats, were sampled for
vegetation analysis from the entire study area.

Lantana cover was estimated in each quadrat, using the Domin Krajina scale and was
transformed into percentage cover for final analysis (Mueller-Dumbois and Ellenberg 1974). Later,
each site was quantified into low (0% to 30%), medium (31% to 60%) and high (61% to 100%)
invasion sites on the basis of percentage cover of lantana.

The diameter of each adult individual tree 9.6 cm diameter at breast height, dbh) was measured
in each quadrat. In the centre of each 10 x 10 m quadrat, a 2 x 2 m area was marked for enumeration
of saplings (individuals 3.2 cm to maximum 9.6 cm dbh) and established seedlings (individuals less
than 3.2 cm diameter but 30 cm height) (Sagar and Singh 2004). Seedlings shorter than 30 cm height
were considered ephemeral, and the established seedlings category represented 1 to 3 yr old
individuals. Stem diameter of adult and sapling individuals was measured at 1.37 m from the ground
and for seedlings it was measured at 10 cm above the ground (Sagar and Singh 2004). Thus, all
individuals were enumerated and measured by species. Diversity indices were calculated using the
following equations:

S

H' =X pi In pi (Shannon and Weaver, 1949)

i=1

In the above equations, S = number of species, pi = proportion of individuals belonging to species
i, H = Shannon-Wiener index, In = natural log (i.e. base 2.718). The relative density of each
species was calculated from number of individual species to the percentage of the total number of
individuals occurring in that respective class. To interpret the future trend in species composition of
the different lantana invaded forest, the presence of number individual of different species in their
tree, sapling and seedling layers were enumerated. Shannon-weiner diversity indices, Bray-Curtis
cluster analysis and Principal component analysis was calculated using Biodiversity Pro version 2.0
(Mc Aleece, 1997)

Statistical Analysis

Multivariate analysis

This uses an inductive, non-experimental approach to generate rather than test hypothesis.
Multivariate analysis methods follow one of two strategies, either ordination (e.g. principle component
analysis, factor analysis, discriminant analysis), or clustering (e.g. cluster analysis) or hybrids of
these. Two methods of multivariate analysis were utilized in an effort to ascertain patterns among tree
species at different life cycle stages and lantana cover, namely PCA and cluster analysis.
Principal Component Analysis

This is a method of ordination widely used in many fields, in which axis or component are
successively extracted from a matrix similarities. In PCA all individuals contribute equally to the
component, avoiding dominance of outliers. Mathematically, PCA involves eigen analysis of a
symmetric matrix to similarities to produce a series of eigen values and there corresponding eigen
vectors (Marshall and Elliot, 1998). There are as many eigen values as there are rows (or columns) in
the matrix and conceptually they can be considered to measure the strength (relative length) of an
axis. Each eigen value has an associated eigen vector. An eigen value gives the length of an axis; the
eigen vector determines its orientation in space.
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Cluster analysis

Cluster analysis is a multivariate analysis technique and is not as much a typical statistical test as
it is a collection of different algorithms that put objects into clusters. The clusters formed with this
family of methods should be highly internally homogeneous (member are similar to one another) and
highly externally heterogeneous (members are not like members of other cluster). Unlike many other
statistical procedures, cluster analysis methods are mostly used when there are no prior hypotheses,
but where research is still in an explanatory phase (Backer, 1994). In essence cluster analysis finds
the most significant solution possible. Group member will share certain properties in common and it is
hoped that the resultant classification will provide insight into the structure of the data. A dendrogram
(tree like diagram) is produced, which summarises the process of clustering. Similar cases are joined
by links whose position in the diagram is determined by the level of similarity between then cases
(Aldenderfer and Blashfield, 1984).

Results and Discussion

Current status of the forest

A total of 37 species with 14851 stems was recorded from the three study sites, each 0.3 ha.
Number of species and number of individual varied from 21 to 30 and 3408 to 7458 per site with
former in high lantana cover and later in low lantana cover (Table 1 and 2). Total diversity increased
with decreasing lantana cover. Maximum 26 species and 6825 individual seedlings was at low lantana
cover and minimum 17 species and 2925 individuals of seedling was reported at high lantana cover
site (Table 1 and 2). The PCA ordination of the three sites on the basis of relative density (Table 2) of
species in the tree (adult), sapling and seedling population is illustrated in Figure 1. The PCA axis 1
and 2 accounted for 29.38 and 22.60% variation for tree species (Fig 1a), while it accounted 17.66
and 16.32% variation for sapling species (Fig 1b). On the other the seedling species showed 44.64
and 21.34 %variation for axis 1 and 2 respectively (Fig 1c). When all the stages were taken into
consideration the PCA axis 1 accounted for 21.64% variation and axis 2 accounted for 12.7%
variation (Fig 1d). Table 3 show the dominant and the co-dominant species in there various life cycle
stages (tree, sapling and seedling) at different level of lantana cover, with the next top three
subordinate species at low lantana cover includes Acacia catechu, Buchanania lanzan and
Briedelia retusa / Schrebera swietenioides. At medium lantana cover Anogeissus latifolia,
Lagerstroemia parviflora and Terminalia tomentosa form the subordinate species. And at high
lantana cover Madhuca longifolia, Terminalia tomentosa and Adina cordifolia form the major
subordinate species.
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Figure 1: PCA ordination of lantana invaded {low (L), medium (M) and high (H) } sites (a) for adult tree species; T
(b) for sapling; SA (c) for seedling; SE (d) all stages taken together.

Lantana cover Adult Sapling Seedling Total
Low 158 475 6823 T458

(0%a-30%),

Medium 135 625 3225 3985
(31%-60%)

High 83 400 2925 3408
(61%-100%)

Total 14851

Lyonia, Volume 11(1), Pages [27-39], June 2006



Table 1: Summary of stem inventory in different stages at different lantana cover class.

Low Medium High
Species/ adult (0-30%) (31-60%) [61-100%)

RDA RDSA RDEE RDA RDOEA RDSE, RDA | RD-EA|RD EBE
Acactu auricwlifirmis | I joxi T ] |
dcacia caiechy 758 | 536 | 1.0 1407 1200 155
Adina covelffodia | 1.10 | 4.82
Antidesmaghoesmbiffa | | esr | | | | -
Anogesos Rt 160 | 526 220 1181 400 310 | | 1250 | 10.26
ldzadricta indica . | | 085
Bawhinig racemaoss [ | 220 [ '
Boswellia servata | 190 2 5BE | 074 | | | |
Briedefic refhisa | B0 | 2106 11.72. 074 | | | | -OBE
Buefamamia lanzen 633 | 073 3vD | 400 0.7e 361
|Casxia fisttla | [ { | 07| | | | [
Carissa spimrum 625 256
Casearia elliprica e s . s
Diospyros melanoyydon 380 | 626 916 66T | 800 3411 | 241 | 2500 | 3248
Elaeodendron glaucitm | 13T | [ A48 | 1 | %20 | |
Enmblica officinalis 380 | 526 073  O74 085
Ertisena guinguelarts BEERET AT ' ' I
Flacourtia indica | 365 uu: £:20 | 0es
Craralemiday latifolfo Q83 | 26 | 1.B3 074 0.78
Grewta serrufat 403 | |
Huardwickio binaw 316 | 222 | 400 | |
Hollgrhena antidvsenterica 1538 074 465 84
Hymenodicyonexcelsum | 147 | e | |
Lagersiroemia parflon 253 073 1037 400 @ 310 1.20 1250 | 256
Lanmea coromandefica 1076 528 | 2igs am a7s | 2043 625 256
Madhuca lengtfolia _ _ | _ | | 1448 | | 08s
Miliusa toweniosa 10| 636 256 222 1600 1385 130
Mragyma parviffora | 0.a7
Flerocarpies marsupim | 0.37 | | | |
shchrebira swletentoldes 70 | _ | | 078 | | | DBS
Semecarpus anacordium | 127 | G268 | 440 [ 400 | 155 | | | DBE
Shiorea Fobusia 29| 1578 | 953 2880 EO00 @ 1385 3735 | 1875 | X308
Sovmida fehrifuga 253 | 626 | 037 | 074 | 233 |
Srercilia wrens 1.27 | 1053 147 1.56
Stktt funidentifled) S T A | o
Terminalia wmmentosa 206 | 526 1575 BAS | 2800 @ 853 13325 | 1875 | 684
Fizyphus mmvmheris | | | .10 | 1.56 |
Tl species 18 13 26 21 i1 18 10 T 17
Shannon H' Base | 1 i

Table 2: Relative density of tree species in different stages, total species and Shannon diversity at different
lantana cover class. (RDA: Relative density adults, RDSA: Relative density sapling, RDSE: Relative density seedling)
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Lantana Stages Dominant Co-dominant
cover
Low Adult Shorea robusta Lannea coromandelica

(("6-30%), Sapling

Seedling

Briedelia refusa

Terminalia tomentosa

Shorea robusia _
Hollarhena antidvsenterica

Medmum Adult
(31%-60%) | Sapling

Seedling

Shorea robusra

Terminalia tomentosad

Dipspyros melanoxvion

Acacia carechu
Miliisea tomentosa
Shorea robusta/ Miliusa tomentosa

High

Adule

(61%-100%) | Sapling

Seedling

Shorea robusta

Diospyros melanoxyion

| Diaspyros melanoxylon

Lannea coromandelica
Shorearobusia/Terminalia
fomenosa

Shorea robusta

Table3: Dominant and Co-dominant species in different stages at different lantana cover class.

In the present study, cluster analysis was performed based on relative density of species in their
different life cycle stages (tree, sapling and seedling) at low, medium and high lantana cover together,

to see the differences in vegetation composition (Fig 2).
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Figure 2: Bray-Curtis Cluster Analysis (Single link) at low (L), medium (M) and high (H) lantana cover for tree (T),
Sapling (SA) and seedling (SE).

Species diversity

Shannon-Wiener diversity index also decreased with increasing lantana cover. Figure 3 shows
K-dominance of species rank plot. The bottom curve (LSE) represented the highest diversity, while
the uppermost curve (HSA) represented the lowest diversity. The diversity of different sites was
compared using K-dominance plot, in which percentage cumulative importance value is plotted
against log species rank (Platt et al 1984). Platt et al (1984) advocated that diversity could only be
unambiguously assessed when the K-dominance curves from the sites to be compared do not
overlap. In this situation the lowest curve will represent the most diverse site and the upper most
curve will represent least diverse site. In the situation where the curves intersect each other, the sites
cannot be discriminated among themselves on the basis of life cycle stages. Figure 3 shows that
maximum diversity was observed for seedlings at low lantana cover. Seedling and sapling at high
lantana cover cannot be distinguished and are least diverse. The species composition pattern
observed through both the analysis has shown that the three sites almost similar in tree vegetation
composition, revealing that the invader is least affecting the tree composition (Fig 1d and 2). But on
the other, seedling composition at the least invaded site differ highly in species composition. Probably
as the least invaded site has the highest number of species and also accounted for maximum

variation of PCA 1 axis i.e. 44.64%.

LT
LSA
LSE
MT
MSA
MSE
HT
H5A
HSE

% Cumulative relative density

1 10 100

Species Rank (log scale)

Figure 3: The K-dominance plot when percent cumulative relative density is plotted against log of species rank
for each class (for abbreviations see fig 2).

Regeneration status
The regeneration potential of the low lantana cover site is better as many new seedlings are

emerging (Antidesma ghaesmbilla, Bauhinia racemosa, Eriolena quinquelaris, Flacourtia indica,
Grewia serrulata, Hymenodictyon excelsum, Mitragyna parviflora and Pterocarpus marsupium)
(Fig 4aii). The regeneration potential of the Emblica officinalis, Gardenia latifolia, Lannea
coromandelica, Soymida febrifuga and Sterculia urens seems to be well recently but now they

seem to disappear (Fig 4a:ii).

Lyonia, Volume 11(1), Pages [27-39], June 2006



The regeneration potential of the medium lantana cover site does not seem to be good as only
few seedling species are emerging (Hymenodictyon excelsum, Schrebera swietenioides,
Sterculia urens and Zizyphus nummularis) (Fig 4b:iii). The regeneration potential of Acacia
catechu, Anogeissus latifolia, Buchanania lanzan, Hardwickia binata, Lannea coromandelica,
Miliusa tomentosa and Terminalia tomentosa seemed to be well recently but now they also seem
to decline (Fig 4b:ii).

The regeneration of seedlings at high lantana cover site showed only few new species
(Anogeissus latifolia, Briedelia retusa, Casearia elliptica, Emblica officinalis, Flacourtia indica,
Hollarhena antidysenterica, Schrebera swietenioides, Semecarpus anacardium and Sikti etc (Fig
4c:iii). The regeneration of Lagerstroemia parviflora, Lannea coromandelica, and Terminalia
tomentosa seem to be better recently but now it is declining (Fig 4c:ii).

Future composition

In the low lantana invaded forest Shorea robusta will remain as the dominant species but later it
may be replaced by Bauhinia racemosa, Diospyros melanoxylon, Hollarhena antidysenterica and
Terminalia tomentosa species either (Ref fig 4a).
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Figure 4a: Relative density of different species in tree, sapling and seedling stages, at different lantana cover
{low (a), medium (b) and high (c)}. Acacia auriculiformis =AA, Acacia catechu =AC, Adina cordifolia =AD,
Antidesma ghaesmbilla =AG, Anogeissus latifolia =AL, Azadricta indica =Al, Bauhinia racemosa =BR, Boswellia
serrata =BS, Briedelia retusa =BR1, Buchanania lanzan =BL, Cassia fistula =CF, Carissa spinarum =CS, Casearia
elliptica =CE, Diospyros melanoxylon =DM, Elaeodendron glaucum =EG, Emblica officinalis =EO, Eriolena
quinquelaris =EQ, Flacourtia indica =FI, Gardenia latifolia =GL, Grewia serrulata =GS, Hardwickia binata =HB,
Hollarhena antidysenterica =HA, Hymenodictyon excelsum =HE, Lagerstroemia parviflora =LP, Lannea
coromandelica =LC, Madhuca longifolia =ML, Miliusa tomentosa =MT, Mitragyna parviflora =MP, Pterocarpus
marsupium =PM, Schrebera swietenioides =SS, Semecarpus anacardium =SA, Shorea robusta =SR, Soymida
febrifuga =SF, Sterculia urens =SU, Sikti (unidentified) =S, Terminalia tomentosa =TT, Zizyphus nummularis =ZN.
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In the medium lantana invaded forest Shorea robusta may remain as the dominant species but
the co-dominant species Acacia catechu may be replaced by Terminalia tomentosa in future. The
decline in species at the seedling and sapling stages may be attributed to lantana cover (Ref fig 4b).
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Figure 4b: Relative density of different species in tree, sapling and seedling stages, at different lantana cover
{low (a), medium (b) and high (c)}. Acacia auriculiformis =AA, Acacia catechu =AC, Adina cordifolia =AD,
Antidesma ghaesmbilla =AG, Anogeissus latifolia =AL, Azadricta indica =Al, Bauhinia racemosa =BR, Boswellia
serrata =BS, Briedelia retusa =BR1, Buchanania lanzan =BL, Cassia fistula =CF, Carissa spinarum =CS, Casearia
elliptica =CE, Diospyros melanoxylon =DM, Elaeodendron glaucum =EG, Emblica officinalis =EO, Eriolena
quinquelaris =EQ, Flacourtia indica =FI, Gardenia latifolia =GL, Grewia serrulata =GS, Hardwickia binata =HB,
Hollarhena antidysenterica =HA, Hymenodictyon excelsum =HE, Lagerstroemia parviflora =LP, Lannea
coromandelica =LC, Madhuca longifolia =ML, Miliusa tomentosa =MT, Mitragyna parviflora =MP, Pterocarpus
marsupium =PM, Schrebera swietenioides =SS, Semecarpus anacardium =SA, Shorea robusta =SR, Soymida
febrifuga =SF, Sterculia urens =SU, Sikti (unidentified) =S, Terminalia tomentosa =TT, Zizyphus nummularis =ZN.

At highly invaded lantana sites Shorea robusta may remain as the dominant species in the future
but the co-dominant species Diospyros melanoxylon, Terminalia tomentosa, Anogeissus latifolia
and Lagerstroemia parviflora may replace Lannea coromandelica (Ref fig 4c). The decline of
Diospyros melanoxylon at the tree stage may be attributed to its heavy exploitation. According to
Spurr and Barnes (1980) heavy exploitation of a single species can cause the entire structure of the
community to change. But here at the high-invaded site lantana cover could be responsible for forest

compositional change.
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Figure 4c: Relative density of different species in tree, sapling and seedling stages, at different lantana cover
{low (a), medium (b) and high (c)}. Acacia auriculiformis =AA, Acacia catechu =AC, Adina cordifolia =AD,
Antidesma ghaesmbilla =AG, Anogeissus latifolia =AL, Azadricta indica =Al, Bauhinia racemosa =BR, Boswellia
serrata =BS, Briedelia retusa =BR1, Buchanania lanzan =BL, Cassia fistula =CF, Carissa spinarum =CS, Casearia
elliptica =CE, Diospyros melanoxylon =DM, Elaeodendron glaucum =EG, Emblica officinalis =EO, Eriolena
quinquelaris =EQ, Flacourtia indica =FI, Gardenia latifolia =GL, Grewia serrulata =GS, Hardwickia binata =HB,
Hollarhena antidysenterica =HA, Hymenodictyon excelsum =HE, Lagerstroemia parviflora =LP, Lannea
coromandelica =LC, Madhuca longifolia =ML, Miliusa tomentosa =MT, Mitragyna parviflora =MP, Pterocarpus
marsupium =PM, Schrebera swietenioides =SS, Semecarpus anacardium =SA, Shorea robusta =SR, Soymida
febrifuga =SF, Sterculia urens =SU, Sikti (unidentified) =S, Terminalia tomentosa =TT, Zizyphus nummularis =ZN.

Lantana cover and mortality

The differential response of species at different lantana cover may be attributed to differed fire,
light and allelopathic interaction within the community.

Fire

Although lantana burns readily during hot, dry conditions, even when green (Gujral & Vasudevan,
1983), moderate and low intensity fire may promote the persistence and spread of lantana thickets
rather reducing them. However, on the other, such conditions increase seedling mortality of tree
species. As the depth of heat penetration can be expected to affect regeneration of buried propagules
and young seedlings (Moore and Wein 1977). Further, lantana invasion promotes fire due to its
self-perpetuating fire cycle (Hiremath and Sundaram, 2005), which may ultimately culminate into

mortality of seedlings.
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Light

Light limitation is the mechanism by which undisturbed vegetation limits the invasion of lantana.
Light has long been recognized as an important plant resource (Maximov 1929; Blankenship 2002)
that may interact with other plant resources to affect plant performance (Cole 2003). Below certain
thresholds, however, light limitation alone can prevent seedling survival regardless of other resource
levels (Tilman 1982). It is likely that shrubs influence the distribution and abundance of tree species
seedling by reducing the amount of light that reaches the forest floor, and this is probably the
mechanism responsible for the decline in tree seedlings beneath lantana canopies (Gyan P Sharma
pers. obs.). However, the dense cover created by vertical stratification of lantana may reduce the
intensity or duration of light and thus prevent the establishment of other tree species seedlings. Low
light has been shown to affect the distribution of other herbaceous species in understory habitats
(Sharma et al. 2005), and this may have important management implications for biological invasions
and maintenance of biological diversity.

Allelopathy

Lantana due to its strong allelopathic properties has the potential to interrupt regeneration
process of other species by decreasing germination, reducing early growth rates and selectively
increasing mortality of other plant species. These result in a reduction of seedling diversity (Loyn and
French 1991; Gentle and Duggin 1998). Subsequently results in marked changes in the structural and
floristic composition of natural communities. Therefore, as the density of lantana in forests increases,
species richness decreases (Fensham et al., 1994), which is consistent with the findings reported
here. In most cases, the native species outperformed the alien under conditions of reduced light
(Daehler, 2003), increased fire and allelopathy.

In conclusion we may say that lantana suppress the regeneration of other vegetation. Thus in the
near future it will reduce the availability of forest products that people derive from the forest. This is a
serious concern for biodiversity conservation and human society.
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Vegetation zonation and nomenclature of African Mountains - An
overview

Abstract

This review provides an overview on the vegetation zonation of a large part of the mountain
systems of the African continent. The Atlas and Jebel Marra are discussed as examples for the
dry North African Mountains. The Drakensberg range is shown as representative of the mountain
systems of Southern Africa. The main focus of the review falls on the Afrotropical mountains: Mt.
Kenya, Aberdares, Kilimanjaro, Mt. Meru, Mt. Elgon, Mt. Cameroon, Mt. Ruwenzori, Virunga,
Simien Mts., Bale Mts. and Imatong. A new nomenclature for the vegetation belts of Afrotropical
Mountains is proposed.

Key words: Africa, mountain vegetation, vegetation belts, nhomenclature, Mt. Kenya, Aberdares,
Kilimanjaro, Mt. Meru, Mt. Elgon, Mt. Cameroon, Mt. Ruwenzori, Virunga, Simien Mts., Bale Mts.,
Imatong, Atlas, Jebel Marra, Drakensberg

Geology, landforms and soil conditions

Africa is an old continent. Nowhere else is so much of the surface covered by basement rocks,
and the larger part of the geology of Africa is indeed the geology of pre-cambrian material
(Petters 1991). Large areas, so called cratons, have remained essentially unchanged since the
early Proterozoic (~ 2000 Mio BP). The mobile belts, i.e. the huge basins and swells between
these cratons, are composed of equally old rocks, but have been subject to deformation and
partly to metamorphoses, mainly in the Pan-African orogenesis (700 - 500 Mio years BP). Today,
relief differences are relatively small in these areas, so the continent can be described as a large,
uneven plateau, which is tilted to the northwest. Extensive erosion surfaces covered by ancient,
heavily leached soils are more widespread in Africa than on any other continent, and the huge
relatively flat Savannahs are well known. Inselbergs are very characteristic remnants of the older
surfaces in these plains, but far too low to merit treatment here.

Equally well known as the flat surfaces are, however, some much more recent geological
features, namely the huge, isolated volcanoes of the tropical part of the country, and the high
fault mountains in the Atlas region and in South Africa. In these three regions, true high-altitude
environments are found, with several ranges reaching well above 4000 m. These are almost
exclusively located in the tropical parts, with Mt. Kilimanjaro (5985 m), Mt. Kenya (5198 m) and
Ruwenzori (5109 m) being the highest sites. Several other mountains reach above the treeline,
with the most extensive areas being in Ethiopia. However, the High Atlas in Morocco is also high
enough to support truly alpine vegetation (4165 m).

Morocco occupies an intermediate position between the tectonic domains of southern Europe
and Africa. The evolution is complex, and the atlas region was formed in several successive
uplifting events. The south-westernmost part, the Anti-Atlas contains Precambrian material, but
was largely formed in the late Proterozoic. Uplift occurred in Hercynian times in close
correspondence to some mountains in Europe, and again mainly in late Cretaceous tectonic
movements that formed the several chains of the High Atlas and the Saharan Atlas. The northern
Riff and the Tell Atlas in northern Algeria are the southernmost outposts of the Alpine orogen, but
recent Tertiary uplift affected also the older ranges, notably the Saharan Atlas. Most of the
material is acidic, but several ranges display calcareous rocks, like the central High Atlas, part of
the Saharan Atlas and the Rif. Only the High Atlas reaches above 3000 m, while the neighboring
ranges hardly climb above 2000 m.

The central Saharan mountains Hoggar and Tibesti rest on the relatively stable West African
craton. Part of the Tibesti is of ancient, Proterozoic origin, but there has been extensive recent
volcanism. Both ranges are part of a chain of volcanoes of Cenozoic age that extends
southwards to the central African Mt. Cameroon and eastwards to the East African Rift Valley
System.

Mt. Cameroon is a huge single structure of largely Tertiary origin, but has been active ever since
with more than 10 major events in the 20th century, some as recent as 1982 and 2000 (Ndam et
al. 2001). The series of volcanoes starting at Mt. Cameroon has been described to continue up to
the Jebel Marra in central Sudan. This is a massif rather than a single volcano, which has been
active from the Miocene to the early Holocene (Miehe 1988). Lavas are predominantly basaltic in
all these ranges.
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Further eastwards, the huge volcanic plateau of Ethiopia rests on ancient material, but was
largely formed in the tectonic processes during the formation of the East African Rift Valley system.
The EARS is the prime example for a continental rift, and its huge structure extends over more than
6000 km from northern Mozambique along all of eastern Africa and through the Red Sea. Rifting
started in the Cretaceous but has intensified in the Tertiary, and is most likely a consequence of
tensional forces driving the two escarpments apart. Volcanism has been intensive and complex,
following the two main branches, the Albertine Rift in the west, and the Gregory Rift in the east
(Schliter 1997).

The Ethiopian Rift is an extension of the latter, mainly formed by basaltic magmas in the
Oligocene to Miocene, and reaching above 4000 m at several sites, notably in Simen Mts. in the
northern part of Ethiopia and the Bale Mts. in the southwestern. Relatively deep and dry basins from
the isolated volcanoes in east Africa proper separate this group of well-connected ranges.

Most of these are relatively young and of Pliocene to Quaternary age. This refers to mountains
such as the Aberdares, which were formed from 3 Mio. BP onwards; Mt. Kenya was formed between
2-3 Mio. years BP (Heinrichs 2001); Mt. Kilimanjaro is even younger at 1-2 and Mt. Meru appears to
be of similar age as are the Aberdare Mts. Lavas on the huge shields are predominantly alkaline or
basaltic, but intermediate lavas formed several strato-vulcanoes.

The mineral composition is similar for Mt. Elgon, which is however an exception with respect to
its age. Mt. Elgon lies at the border of Uganda and Kenya, and is thus not strictly located in the Rift
Valley. Here volcanism commenced some 20 Mio years ago and lasted for about 10 Mio years. The
neighboring Cherangani range is an ancient block of largely metamorphic rocks, but has been lifted to
its present height in the Miocene. These two ranges have been high mountains, long before their
neighbors in the eastern part of Africa, and also those in central Africa had attained high altitudes.
The Ruwenzori is a huge pre-Cambrian block, but has been lifted to alpine heights later than 2
Mio years BP. The Kahuzi-Biéga west of Lake Kivu has apparently experienced a similar evolution
(Fischer 1996). The other high mountains along the Albertine Rift Valley are exclusively of volcanic
origin, with volcanism commencing as early as some 13 Mio years BP in the Virungas. However, most
of the activity occurred in the last 2 Mio. years and continued to the present, as was so strikingly
demonstrated at the city of Goma, which was largely destroyed during a catastrophic lava outpour in
2001.

These young mountains are in striking contrast to the truly ancient Eastern Arc Mountains in
Tanzania and northern Kenya. They are composed of granulite gneiss complexes and have been
mountains during for over 25 Mio years. However, they barely reach 3000 m and lack an alpine belt
typical for the other mountains discussed here.

Faulting during the formation of the Rift Valley has formed much of the present tropical part of
African. Beyond Mozambique, mountains in the southernmost part of the continent are fault
mountains like the northwestern Atlas system

The lower slopes of the volcanic ranges have been subject to intensive weathering and leaching,
resulting in deep reddish soil profiles, mainly Acri- and Nitisols, occasionally Ferralsols. The dominant
soil type of the upper montane belt are however well developed Andosols. The Andosols have
moderately acidic soil pH values, and are exceedingly fertile and explain the intensive agriculture on
the tropical mountains. The alpine regions are partly covered by Andosols, notably on the younger
volcanoes, partly by various weakly developed soils on glacial deposits such as Regosols and
Rankers. Very widespread are various Histosols that result from slow decomposition of organic matter
due to coldness and stagnant water. They are characterized by low pH values (under 4 to 5.5) and
generally low nutrient availability.

Altitudinal belts in the African mountain regions

Vegetation belts in the North African Mountains

Atlas

With respect to their geologic origin, mountains in northwest Africa are closely related to
European mountains like the Alps. Correspondingly, climate, flora and vegetation display strong
similarities to Mediterranean mountains like the Sierra Nevada in Spain, and mediate to the arid sites
of central northern Africa.

There are three principal complexes, namely the High Atlas and its neighbors Anti-Atlas and
Central Atlas; the Rif and Tell Atlas in northern Morocco and Algeria; and the Saharan Atlas in Algeria
and Tunisia. These display large-scale climatic gradients, with conditions getting progressively drier
with distance to the coast, so the Rif and Tell Atlas get most precipitation with annual totals above 750
mm in the northern foot zone. In the Moroccan Atlas, conditions get drier from west to east. These
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differences among ranges are small in comparison to the large differences between the northern and
the south (-eastern) slopes within the mountain ranges. The northern lowlands receive well above 300
mm, while the southern slopes border the Saharan basin, where precipitation quickly drops to less
than 100 mm in the lowlands (Weischet & Endlicher 2000).

Montane regions clearly receive more than lowlands with a precipitation maximum at 2000 - 3000
m elevation. This is around 750 mm in the High Atlas, and above 500 mm in all regions except for
parts of the Saharan Atlas. The Rif and the Tell Atlas receive annual totals of above 1000 mm, which
rise occasionally up to 2000 mm. Rainfalls occur almost exclusively in winter, so the summit regions
are at least seasonally covered by snow, which might last until the following year in moist conditions.
Thus, moisture availability and the usual altitudinal temperature lapse rate control most of the
vegetation patterns, but these are modified by edaphic components. Like in the Alps, calcareous and
acidic bedrocks intersect, so vicariating plant communities are found depending on the geological
background. This analogy is however limited, since the extremely harsh climatic conditions with a
pronounced seasonality and the general dryness of the summit region induce excessive weathering.
Thus the uppermost regions are covered with scree, which move in the frequent freeze-thaw cycles.
Soils are weakly developed and conditions resemble those of dry ranges in the Sahara or even
Central Asia, with an open and rather sparse vegetation cover completely different from the Alps.

Human impact has been tremendous in the entire region. Agriculture and livestock keeping were
introduced some 5000 BP, and, like the entire Mediterranean region, most of the natural vegetation
has been replaced by various secondary plant communities, rendering inferences of the potential
character of the landscapes often different.

The Moroccan Atlas

Botanical exploration the area started equally late as in the seemingly much more remote tropical
parts of Africa and started in the 1870’s. It has however been intense and the general patterns are
known since the middle of the last century (Rauh 1952). The High Atlas displays the typical situation.
The northern foot zones are covered by open shrublands with Zizyphus ssp., Lotus and notably
Acacia gummifera up to 900 m, where the dwarf palm Chamaerops humilis demarcates the
transition to forest vegetation. Tetraclinis articulata forests are the natural community up to 1400
m, from where they are replaced by various communities dominated by Quercus ilex. Stands are
dense and relatively shady with few companions as Cistus laurifolius on acidic, and Buxus
sempervirens on calcareous bedrocks. Much of these forests have been replaced by various
scrub communities with Pistacia lentiscus and Juniperus phoenicea in the lower regions, and by
J. thurifera in the upper montane belt. Impressive Cedar (Cedrus atlantica) stands built a special
forest community restricted to the moistest parts of the Atlas, but are more extensive in the Rif and in
the Tell Atlas. Above 2800 m, J. thurifera forests dominate up to the treeline in some 3100 m.
Unlike in other areas of Africa, progressively diminishing and finally shrubby growth of the dominant
species do apparently not characterize the treeline ecotone. Instead, Junipers retain their
single-stemmed growth up to the treeline, with stands opening progressively and distance between
trees increasing.

Thorny cushion plants characterize the lower alpine region up to 3600 m. Cushions grow 0.5 to
1.0 m in height and have thick, often several meters long root. The dominant species are the
widespread Alyssum spinosum, Bupleurum spinosum, joint by the flat thorny cushions of
Arenaria pungens in upper elevations. In contrast, Erinacea pungens and Vellea mairei are
restricted to calcareous bedrocks. Cushions prefer weakly inclined to level slopes where they can built
almost closed stands, but have also benefited from anthropo-zoogenic human impact on the upper
montane Juniper forest, where they from secondary stands on disturbed sites.

Moist sites in the lower alpine zone near small brooks are the habitat of communities called
"Pozzines". These are meadows, physiognomically similar to alpine meadows in Europe, and thus
colorfully flowering in summer. However, they are of very limited spatial extent, and are restricted to
soils with impeded drainage over acidic bedrocks.

Substrate movement in the upper alpine region becomes increasingly strong above 3300 to
3600. The cushions become more and more restricted to the few level sites, and plants truly adapted
to scree slopes and rock crevices take over. Again, we find vicariant taxa on acidic and calcareous
substrates, like Viola dyris var. orientalis on calcareous rocks and Viola dyris var. typica on acidic
bedrocks. The latter is an endemic taxon of the Atlas, other examples are Linaria lurida, L.
heterophylla ssp. galioidesand Vicia glauca var. rerayenssis, all growing on scree slopes. The
relative importance of endemic species increases with altitude in the Atlas, and is around 30% in the
lower alpine zone, while it reaches some 75% in the upper alpine and summit regions. There is no
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truly nival belt and plants occur up to the summit region.

The zonation on the southern slopes is somewhat different because of the greater aridity. The
foot zone is covered by succulent Euphorbiaspecies or open shrublands like on the northern
slopes up to 1500. Juniperus phoenicea partly replaces Tetraclinis articulata and the belt of
Quercus ilex forests is smaller and widely replaced by open Juniper scrub. Cedrus forests are
entirely absent. The timberline is formed by J. thurifera as on the northern slopes, and the alpine
vegetation is similar as well.

The Rif and the Tell Atlas

The Rif reaches barely 2500 m and the Tell Atlas is even lower, but affinities to the Moroccan
Atlas are strong in the montane belt (Knapp 1973), so the description is kept short. The most
widespread montane forest communities are also built by Quercus ilex, which forms dense and
rather shady stands. Quercus suber forms extensive forests at the relatively moist coast of
Algeria and Tunisia up to some 1000 m asl., but small stands of the Oak are also found in Morocco.
Like Quercus coccifera, it has rather high moisture demands and is restricted to the coastal
regions below 1200 m. Much of the areas have been cleared for agriculture, especially Olea
europea plantations. The olive forms (semi-)natural stands with Pistacia lentiscus in drier parts of
the lowlands, which might however be secondary in nature. Aleppo Pine (Pinus halepenis), often
mixed with Quercus ilex, dominates much of the lower montane zone at 500 - 1500 m in the Rif
and Tell Atlas, but is also occasionally found in the Moroccan Atlas. Cedrus atlantica forest is
common in the moister ranges above 1500 m. However, the moistest sites there are covered by
deciduous oak forests (e.g. Q. faginea) and coniferous forests with Abies maroccana and A.
numidica. Juniperus phoenicea forests in the drier parts of the montane belt have suffered
heavily from anthropo-zoogenic disturbance but occur up to 2400 m under natural conditions.
Replacement communities include mixed scrub with various Cistaceae, Fabaceae and Ericaceae
species in the lower montane belt, and shrublands with the dwarf palm Chamaerops humilis and
Rosmarinus officinalis in the montane belt.

There is no truly alpine vegetation in the Rif and in the Tell Atlas simply because the ranges are
too low.

The Saharan Atlas in northern Algeria

The Saharan Atlas forms a second chain leeward of the Tell Atlas and is thus relatively dry. Much
of the natural vegetation has been replaced by widespread steppes with Stipa tenacissima, that
is an important species of secondary grasslands in the western Mediterranean region. It is
accompanied by Lygeum spartum or Artemisia herbae-alba, mostly on dense or compacted soils.
The natural montane vegetation closely resembles the situation in the Moroccan Atlas described
above, notably in the western part of the country near the inter-state boundary. Communities with
higher moisture demands are almost exclusively absent, and forest with Quercus ilex and
occasionally Pinus halepensis would be the zonal vegetation of much of the northern slopes. The
southern slopes are influenced by the arid Saharan climate and dry vegetation types with succulents
climb up well into the montane belt. Where the mountains are high enough, alpine vegetation types
occur, which are also similar to the High Atlas. Thorny cushions are relatively common, as are scree
communities, but communities of moist rock crevices are impoverished and Pozzines are entirely
absent. The alpine vegetation shows the typical differentiation of vicariating species depending on the
presence of acidic or calcareous bedrocks as was described for the High Atlas.

Dry mountains in central Sudan - the Jebel Marra

The Jebel Marra is a highly isolated volcanic massif in the center of Africa, more than 1500 km
away from the nearest coast and more than 1000 km distant to the next mountain, with the Simen
Mts. in northern Ethiopia being the most "closely” related range. The Jebel Marra emerges from a
pedi-plain in 1000-1200 m, with a semi-arid climate with down to 280 mm of annual precipitation
(Miehe 1988). The mountain slopes receive more rain, and the southwestern side is clearly moister
than the eastern. The belt of maximum precipitation is situated at around 2000 m asl., where totals
can be as high as 1800 mm in extreme years, but 800 mm appear to reflect the average conditions
better. For the summit region (max. 2976 m Times Atlas 3071) 600 mm have been estimated.
The vegetation shows correspondingly clear altitudinal gradients. Drought deciduous woodlands
cover the piedmont and Acacia scrub, interspersed with lowland gallery forests along
watercourses and in moist ravines and valleys, mainly in the southwest. These can be regarded as
remote outposts of tropical evergreen forest. Typical species include evergreen Ficus ingens, F.
thonningii, F. sur, Syzygium guineense and Trema orientalis, indicating affinities to tropical
montane forest described below..
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The dominant vegetation type in the submontane belt are, however, communities with
Combretum molle and Boswellia papyrifera, which are replaced by wooded grasslands with
Entada abyssinica and Acacia albida as a transitional belt to the montane communities.

The transition from these submontane lowlands to the montane, sparsely wooded grasslands
occurs at some 2000 m. The principal tree species is Olea laperrinei, which forms riverine forests
above 1900 m with Ficus palmata. The olive is also found in the Saharan mountains and
indicates the relationships to Hoggar and Tibesti. However, the dominant vegetation are grasslands
with Andropogon-Hyparrhenia, and Themeda triandra-Conyza hochstetteri. Scattered trees of O.
laperrinei can be found on scree slopes and in the grasslands, indicating that at least part of
these grasslands are suitable for tree growth. The upper montane grasslands above 2800 m are
composed of Pentaschistis species and Festuca abyssinica. Occasionally, remnants of
ericaceous vegetation, notably E. arborea, occur in the upper montane region. Ericaceous
vegetation dominates the timberline ecotone in much of tropical Africa, but the Jebel Marra is not high
enough for a true alpine belt.

Thus, with respect to the temperature and moisture availability most of the montane belt should
be suitable for dry afromontane forests dominated by O. laperrinei, which have presumably been
cleared by large-scale woodcutting, grazing and fire. This would clearly indicate parallels to the
tropical mountains described in the following chapter.

Vegetation belts in the tropical African mountain regions

Mount Kenya - A typical example for the altitudinal zonation of tropical African mountain
vegetation

Mt. Kenya (Figure 1 a & b) is intermediate among the mountains in tropical Africa in terms of
geographical position and climate. Research there has started early in the last century, so the
available data are relatively comprehensive. Hence, we will discuss the vegetation zonation of Mt.
Kenya in some detail, while descriptions for the other mountains are kept shorter and focus on the
differences to the typical situation in central Kenya.

Mount Kenya, located about 180 km north of Nairobi on the eastern side of the Great Rift Valley,
is a widely isolated volcano. The base diameter is about 120 km; the northern foothills reach the
equator. With its main peaks Batian (5198 m) and Nelion (5188 m), Mt. Kenya is, after Kilimanjaro
(Kibo 5899 m), the second highest mountain in Africa. It is broadly cone-shaped with deeply incised,
in the upper parts U-shaped valleys, indicating extensive former glaciations. Most parts of Mt. Kenya
are still covered with forests up to approximately 3400 m in the South and 3000 m in the North, where
a sharp boundary separates the forest from the lower alpine zone. Shape and location of the upper
treeline has been severely influenced by fires. The present lower timberline is a result of extensive
forest clearance and agriculture with cultivation reaching up to 1800 m on the southern, up to 2400 m
on the eastern and western, and nearly up to 2900 m on the northern slopes. Without human impact,
the mountain would be almost completely surrounded by dense forests.

As an important water catchment, Mt. Kenya contributes mainly to the Ewaso Nyiro and Tana
River drainage systems, and is therefore of outmost importance for the water supply of about 50 % of
the Kenyan population. Moreover, since other power stations did not fulfill the expectations
hydropower from these rivers continues to generate more than half of the country’s production of
electrical energy (Berger 1985; Decurtins 1985, 1992; Leibundgut 1986). Densely populated farming
areas surround the whole mountain, and large parts of the forest suffered heavily from encroachment
in the last decades. The vertical zonation of the mountain has already been described in the early
20th century (Engler 1895; Allaud & Jeannel 1914), but the first comprehensive accounts are from the
1950s (Hedberg 1951).
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Mount Kenya (5199 m, Kenya)
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