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Abstract

From June 2007 to March 2009, phenological studies
were carried out in Tsimanampetsotsa National
Park, a spiny forest ecosystem in southwestern
Madagascar. Six phenological plots of 5 x 200 m were
installed and monitored biweekly in three vegetation
types (dry forest on sandy soil, xerophytic bush on
calcareous soil, and dry forest on ferruginous soil).
The different phenophases could be linked to ambient
conditions. The majority of plant species lost their
leaves during the dry season (April to November).
In all plots, flowering showed a bimodal distribution:
one group of species flowered during the dry season
and the other group had their maximum flowering
peak during the wet season (December to March).
Fruiting started at the end of the dry and beginning of
the wet season (December, January), a period when
strong winds prevail. This period also coincides with
the start of the hot-wet season when possibly seed
dispersing animals increase their activity or have
come out of hibernation (Microcebus griseorufus).
Both phenomena can be interpreted as facilitation for
seed dispersal. The presence of leaves was linked
to actual rainfall. However, day length rather than
the actual rainfall triggered flowering and fruiting.
This indicates that plants adapted their reproductive
cycles to long-term climatic averages (reflected
by day length), which seem to be more reliable in
evolutionary terms than using erratic rains as a cue to
initiate reproduction.
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Résumé détaillé

Cette étude a été réalisée dans le Parc National de
Tsimanampetsotsa, localisé dans la partie Sud-ouest
de Madagascar, et un des écosystemes les plus secs
de I'lle. Depuis juin 2007, six parcours phénologiques
de 0,1 ha (soit 5 x 200 m) ont été installés dans trois
différents types de végétation dont deux parcours
phénologiques dans la forét seche décidue sur
sol sableux ; deux dans le fourré xérophytique sur
substrat calcaire et deux dans une forét seche
sur sol ferrugineux. 1337 individus appartenant a
111 espéces ont été étiquetés et observés de juin
2007 a mars 2009 toutes les deux semaines. La
présence des feuilles, des fleurs ou des fruits chez
les individus sélectionnés a été notée. Pour I'analyse
des données, des calendriers phénologiques ont
été dressés pour chaque phénophase (feuillaison,
défeuillaison, floraison et fructification). Les données
par phénophase ont été corrélées avec plusieurs
variables climatiques telles que la température,
'amplitude thermique journaliére, la photopériode,
l'insolation et la précipitation.

Les résultats de cette étude ont montré I'absence
d'une grande différence entre le comportement
phénologique des trois communautés végétales. La
période de feuillaison des espéces dans les trois
communautés végétales s’étale de janvier a mai ; la
défeuillaison maximale de mai a décembre. Pour la
forét seche, la durée de la saison de défeuillaison est
plus longue que celle de feuillaison. Dans tous les
parcours phénologiques, la perte des feuilles chez les
espéces correspond a la diminution de la température
pendant des mois ou la longueur du jour est courte,
puis augmente progressivement a cause des effets
de stress hydrique. La reprise de la phase végétative
active (maximum feuillaison) débute a la tombée de la
premiére pluie, méme si la quantité est relativement
minime. La floraison, s’étale durant toute I'année,
mais est marquée par une activité bimodale : un pic de
floraison qui coincide avec la période de défeuillaison
de la saison séche (octobre-novembre) avant la saison
de pluie ; puis un pic de floraison maximale durant la
période pluvieuse (janvier-février), lors du maximum
de feuillaison. Dans tous les parcours phénologiques,
la floraison des espéces est liée a la variation de la
longueur du jour. La majorité des espéces fleurissent
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durant les périodes chaudes, lors du jour long avec
une forte insolation. Pour la fructification, elle se
déroule entre la fin de la saison seche et le début
de la période pluvieuse. Chez certaines especes, la
période de fructification est plus longue, parfois elle
s’étale entre deux périodes de floraison successive.
Mais la période maximale de fructification a été
enregistrée vers la fin de la saison seche, la période
ol des especes animales sont sorties du stade
d’hibernation ou sont devenus plus actives.

La phénologie de la reprise de la feuillaison est en
relation avec le facteur humidité. Alors que la floraison
etla fructification sontliées a la variation de lalongueur
du jour. Ce qui fait que les cycles reproductifs des
plantes sont corrélés avec la variation a long terme du
climat (longueur du jour).

Mots clés : phénologie de plantes, phénophase, Parc
National de Tsimanampetsotsa, Madagascar

Introduction

Knowledge of plant phenological patterns is important
to understand effects of climate change (Elisabeth
& Johnson, 1993), forest regeneration processes
(Kruesi, 1981; Sorg & Rohner, 1996), and forest
functions and services such as pollination, seed
dispersal,and seedpredation (Selwyn & Parthasarathy,
2007). Finally, plant phenological data provide the
basis to measure food availability for animals and
to link the temporal and spatial resource distribution
to population characteristics of the consumer (van
Schaik et al., 1993; Chapman et al., 1999; Anderson
et al.,, 2005). While plant-animal interactions are
important to understand ecosystem functioning and
ecosystem services from a biotic point of view, it is
important to understand the abiotic factors that drive
phenological phenomena.

Climate change has developed into one of
the major issues discussed as a possible driver
threatening Madagascar’'s ecosystems (Hewitson
& Crane, 2006; Malcolm et al., 2006; Hannah et al.,
2008). In general, weather conditions in Madagascar
seem to be less predictable than in many other parts
of the world (Dewar & Richard, 2007). With respect to
bioclimatic classification, southwestern Madagascar
constitutes the most unpredictable part of the island
(Donque, 1975). The combination of an arid and
variable climate might require rapid and specific
responses of plants towards ambient conditions in
order to complete their reproductive cycles. On the
other hand, erratic rainfall might not reliably indicate
the onset of the wet season. Therefore, initiation of the

flowering and fruiting cycle based on unpredictable
rain may not be advantageous and responding to
proxies, such as day-length, might reflect long-term
averages of rainfall patterns, which in turn would lead
to more reliable reproductive success.

The goal of this study was to document the
phenological characteristics of different vegetation
types in Tsimanampetsotsa National Park. The
analyses focus on the plant community level. Specific
objectives were: 1) to record general leaf, flower,
and fruit phenology of plant species of the different
vegetation types; 2) to determine the effects of
ambient conditions on the phenology of different
vegetation types; 3) to test whether plant phenology
follows actual rainfall patterns or whether it uses long-
term conditions and associated day lengths as a more
reliable environmental proxy in this unpredictable
environment.

Materials and methods
Study site

The study was carried out from June 2007 to March
2009 in southwestern Madagascar, in the northern
portion of the Tsimanampetsotsa National Park. Our
study area is situated between 24°00’ and 24°23'30”

S and 43°44’ and 43°46' E.

The study area is characterized by a semi-arid
tropical climate with an average annual rainfall of less
than 500 mm (Mamokatra, 1999), but annual variation
is considerable. The dry season usually lasts eight to
nine months, between March and October/November.
Annual mean temperature is approximately 24°C.

The Tsimanampetsotsa forest is part of the
southwestern spiny forest flora of Madagascar.
The various formations that compose the
Tsimanampetsotsa forest contain some of the most
unique plant communities on the island and the spiny
bush harbors the highest level of plant endemism with
48% of the genera and 95% of the species endemic
(Elmqvist et al., 2007). The forest is characterized by
many xerophytic and drought tolerant woody species
of the families Didiereaceae and Euphorbiaceae. Our
study area in the Tsimanampetsotsa National Park is
characterized by distinct topographical features and
associated vegetation types (Table 1, Figure 1):

1) The coastal plane adjacent to the soda lake
(Tsimanampetsotsa) with dry forest and hydro-
hallomorphic soil with complex herbaceous
formation in the littoral zone on sandy soil (“dry
forest on sandy soil” or DFS),



16 Ratovomanana et al.: Phenology of different vegetation types in Tsimanampetsotsa National Park

Table 1. Characteristics of the different phenological plots; elevation + standard deviation; n = 4 reading: 2 at the

beginning and 2 at the end of each phenological plots).

Number of plant

Plot Longitude E  Latitude S Elevation [m] individuals per Substrate
0.1 ha

DFS 1 43°44'16,441" 24°1'30,075" 7+2 219 Sandy soll
DFS2  43°44'34,617" 24°2'7,096” 8+3 207 Sandy soll
XBC3  43°44'49,783" 24°1'18,812" 42+2 209 Calcareous soll
XBC 4 43°44'57,812" 24°2'1,409” 29+3 223 Calcareous soll
DFF5 43°45'15,096” 24°1'10,895" 27+1 245 Ferruginous soil
DFF 6 43°45'23,682" 24°1'53,715" 17 + 234 Ferruginous soil

2) Calcareous soil with xerophytic bush on the grade
rising to the Mahafaly Plateau (“xerophytic bush
on calcareous soil” or XBC),

3) Ferruginous soil with low dry forest on the limestone
of the Mahafaly Plateau (“dry forest on ferruginous
soil” or DFF).

Phenological data collection

In each vegetation type, two replicate phenological
plots, each measuring 0.1 ha (5 x 200 m) were
established along access trails, resulting in six
phenological plots (Figure 1, Table 1). The two plots
per vegetation type were combined for the analyses
presented here. We monitored only individuals of
the different species considered large enough to
flower and fruit. For shrubs and herbs, these were all
individuals higher than 1 m and for trees, individuals
with a diameter at breast height (DBH) = 10 cm.
Each plant was individually labeled with a serial
number (indicating the plant number) and a letter
code (indicating the phenological plot). Phenological
data were recorded for all marked individuals within
the six plots from June 2007 to April 2009. Every two
weeks we recorded presence-absence of leaves,
flowers or fruits (young or mature). For the sake of
simplicity and since it is sometimes difficult to identify
the onset of leaf flush, we noted the period when
plants did not have leaves. Hence, this is the inverse
measure for plants with leaves. The phenological
characteristics (phenophase) used in this study were
leafing, flowering, and fruiting. We chose this simple
method to allow for long-term monitoring by different
investigators and to facilitate comparisons between
studies. In total, 1337 individuals from 111 plant
species were observed.

Vegetation description

The structural description of the different vegetation
types was based on two 100 m linear transect per

type of vegetation (Godron, 1972; Gautier et al.,
1994). This method has been used to analyze
vegetation characteristics, and to determine the
different strata for each phenological plot. In another
set of 30 x 30 m?2 plots (six plots in DFS, six in XBC,
five in DFF), we measured for each individual plant
(tree, shrub, liana, and herb), the maximal height (in
m), trunk diameter (DBH) at breast height (for trees,
in cm), maximal (D, ) and minimal (D, ) diameter of
the crown (in m); based on these two measurements,
the average radius of the crown was calculated as:
r=D,. * D,)/4. Crown area of individual plants
was calculated as the area covered by the crown
projected vertically onto the ground and representing
acircle (individual crown cover = 3.14 * r?). Total cover
of woody vegetation was calculated as the sum of the
cover of all individual trees and scrubs.

Climate

In order to assess possible effects of environmental
factors on the phenological (leafing, flowering,
and fruiting) of different plant species in the three
communities, we monitored temperature and rainfall
in the phenological plots. Average daily length and
average daily insolation was taken from http://www.
geocities.com/jjlammi/ and http://aom.giss.nasa.gov/
srlocat.html by using the coordinates of the study
area. Temperature data were collected from June
2007 to March 2009 with i-buttons. In each vegetation
type, one i-button was installed in a shaded spot of a
tree (on the south side) some 1.5 m above the ground.
Each i-button was programmed to record temperature
every two hours. The precipitation was measured
with a rain gauge installed in our camp, which was
localized in the study area, from 2006 to 2009.

To assess possible climate change over time,
we analyzed inferred rainfall data of the study area
during the period from 1950 to 2000 with the help of
the DIVAGIS program (http://www.diva-gis.org) and
measured rainfall from 2006 to 2009. Rainfall data
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were related to the monthly average temperature
and were used to define the different seasons. The
wet season was defined as the months in which the
monthly rainfall (R) was higher than twice the mean
temperature: R > 2T (Moral, 1964).

Plant specimens collected in the field were
identified in the herbaria of the Département de
biologie et Ecologie végétales, FOFIFA, and the
Parc Botanique et Zoologique de Tsimbazaza. Since
scientific binomials are often revised, we used the
names listed by Tropicos.org (http://tropicos.org/
name/22900091). The voucher specimens are
currently held in the Arboretum d’Antsokay in Toliara.

Data analyses

A plant species was recorded as having entered
a specific phenophase when at least 25% of the
individuals of that species had entered that state. We
quantified community-level phenology of the different
vegetation types by the percentage of plant species
that were in a given phenophase. We calculated the
duration of each phenophase for each species and
combined the data for each community. This allowed
us to compare the phenological characteristics for
different species and to compare phenological pattern
of different vegetation types.

To detect effects of ambient temperature, rainfall,
insulation or day length on phenological parameters
at the community level, we correlated the percentage
of plant species in different phenophases with these
variables. For this, the numbers of plant species in
each phenophase per month were correlated with

the monthly means of daily minimum temperature,
maximum temperature, difference between average
night and average day temperature, minimum
temperature and maximum temperature, and monthly
rainfall. Statistical tests were performed with SPSS
13.

Results
Vegetation description

The structural differences betweenthe three vegetation
types are illustrated in Figure 2. The forest on sand
at the base of the cliff was the highest, followed by
forest on ferruginous soil and the xerophytic bush on
calcareous soil (Table 2). Mean canopy height (F =
85.7, P <0.001), vegetation cover (F =8.96, P=0.01),
and the crown diameter (F = 8.82, P = 0.001) varied
significantly between the three vegetation types.

In each phenological plot, the number of plant
species observed was lower than in the 30 x 30
m? plots used to record the horizontal structure per
vegetation type.

Climate variables

According to the historical weather records, the study
area is characterized by two different seasons: eight
dry months (April - November) and four wet months
(December - March; Figure 3). However, peak rainfall
has shifted since the year 2000. Based on our data
recorded between 2007 and 2009, mean maximum
and minimum temperatures were 32.6°C and 17.8°C
during the dry season. During the wet season, mean

Table 2. Characteristics of the three vegetation formation, with n = 6 (30 x 30 m?) plots: dry forest on sandy soil, n =6
(30 x 30 m?) plots: xerophytic bush on calcareous soil and n =5 (30 x 30 m?) plots: dry forest on ferruginous soil and

each phenological plot.

Dry forest on

Xerophytic bush Dry forest on

sand soil on calcareous soil ferruginous soil
2
Zluorﬁ)grfgfop)l(ai?gaecies in plots 93 81 5
Number plant families in plots 39 35 36
Mean canopy height (m) 6.1+0.2 3.0+0.7 46+0.7
Mean crown diameter (m) 16+1 1.6+0.9 19+1.2
Cover (%) 76+5 58+ 11 75+12

Mean plant density (ind/ha)

Plots of 5 x 200 m2
Number plant species in the two 63
phenological plots

Number plant families in the two

phenological plots 21

10994 + 3376

26 407 +17 292 18 222 + 16 923
58 63

27 29
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Figure 2. Structural aspect of the different vegetation types. Dry forest on sandy soil (DFS), xerophytic bush on
calcareous soil (XBC), and dry forest on ferruginous soil (DFF).
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Table 3. Comparison of ambient temperatures in the different phenological plots during the dry and the wet seasons
from 2007 - 2009, with mean maximum temperature (max. temp.), mean minimum temperature (min. temp.), mean
temperature (mean temp.), and diurnal temperature range (DTR = difference between mean maximum and minimum
temperature). n = 8 months for the wet season and n = 14 months for the dry season.

Plots Seasons  Max. temp. (°C) Min. temp. (°C) Mean temp. (°C) DTR (°C)
DES Dry (n=14) 309+3.1 17.3+35 241+3.0 13.6+27
Wet (n = 8) 342+29 23.6+20 289+21 106 +2.8
XBC Dry (n=14) 31.8+3.5 17.4+33 246+3.1 144+27
Wet (n = 8) 35.7+29 235+1.7 296+1.9 12.3+2.38
DFE Dry (n=14) 352+3.1 18.8+3.3 27.0+2.6 16.4+3.8
Wet (n = 8) 35.8+3.1 251+1.8 30521 10.7+£3.0
Dry (n=14) 32.6+3.7 17.8+3.4 252+3.2 14.8+3.3

Study area
Wet (n = 8) 353+3.1 24.0+2.0 29.6+2.1 11.2+29

Figure 3. Climate diagram of the study area: (*) indicates dry months where rainfall value was less than twice the mean
temperature value (R < 2T). Data from 1950 to 2000 from DIVAGIS (http://www.diva-gis.org) and data recorded in the

study area from 2006 to 2009.

maximum and minimum temperatures were 35.5°C
and 24.0°C. Based on the difference between
mean maximum temperature and mean minimum
temperature, the diurnal temperature range (DTR)
during the dry season was much higher than during
the wet season (Table 3, Figure 4). Monthly sunlight
and fluctuations in day length are illustrated in Figure
5.

Leaf phenology

The relative abundance of plant species at leaf
phenophase in the different plots are summarized
in Table 4. The number of plant species with leaves
decreases from June to the end of December (Table
4, Figure 6). In general, the plant species in each
phenological plot reached their maximum vegetative
activity (90-98% of plant species with leaves) between

January and May/June, with a peak between February
and April. The period of leaf fall began in May/June
and lasted to December, with a maximum in October/
November (Figure 6, Table 5).

On average, in the DFS habitat, leaves remain
on the plants for 151 days (22 weeks) from January
to May. This corresponds to a period without leaves
of 214 days (31 weeks) from June to December. In
October, about 50% (+ 10) of the 63 plant species in
the phenological plots had leaves. In the XBC habitat,
the average duration of leaves remaining on the
trees (maximum vegetative activity) and time without
leaves was 182 days (26 weeks), with a maximum
number of plants without leaves in November (49%;
+ 1 of the plant species; n = 58 plant species). In the
DFF, the maximum vegetative activity was observed
between January and June for 161 days (23 weeks),
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Figure 4. Minimum, maximum, and mean temperature in the different phenological plots.

Figure 5. Variation of monthly sunlight (insulation) in watt per m2 (a) and average day length (photoperiod) in hours per
day (b) from http://www.geocities.com/jjlammi/; and http://aom.giss.nasa.gov/srlocat.html.
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Table 4. Percentage of plant species with or without leaves in the different phenological plots from June 2007 to March
2009. Means and standard deviations are based on monthly averages. Phen: phenophase, Veg. type: vegetation
types, n = number of plant species.

Veg.-
type
With leaves DFS 63 66+24 97+196+1 97+1 94+1 90+183+5 78+7 66+7 50+10 51+11 5610

XBC 58 6425 97+198+1 97+1 971 94+189+2 81+966+1150+x6 51+1 56%*5

DFF 63 75+20 91+191+1 90+189+2 86+182+4 72+8 62+1049+6 526 601
Without leaves DFS 63 34+24 3+1 41 3+x1 61 10+£117+5 227 34+7 50+10 4911 44+10
XBC 58 3525 3+1 1+1 2+1 3+1 5+111+2 19+9 32+1148+6 49+1 46=+5
DFF 63 25+20 8+1 8+1 9+1 11+2 13+117+4 27+8 38+1050+5 48+6 40+1

Phen. N Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 6. Leaf phenology of the different phenological plots in Tsimanampetsotsa National Park.

Table 5. Presence of leaves for all plant species in the study area from June 2007 to March 2009; X = months with
leaves; .... variation between different vegetation types (C). L.F.: life form, T: tree, S: shrub, L: liana, H: herbs.

Scientific name Family LE:
Blepharis calcitrapa _........Acanthaceae .
Crossandra poissonii ... Acanthaceae
Justicia spicata. . .........Acanthaceae
Ruellia albopurpurea. . .. Acanthaceae .
Aloe divaricata . ...........Aloeaceae .

AIVASD:
Poupartiaminor
Operculicarya decaryi. ... Anacardi
Operculicarya hyphaenoides . Anacardia
Cyn
Secamonegeayi ... e
Roupellina boivinii ... ..Apocynaceae .
Secamonesp. ..............Apocynaceae
Secamone tenuifolia ... Apocynaceae .
Plucheagrevei . ... .......Asteraceae . .
Distephanus subluteus .. Asteraceae . . . .
Polycline proteiformis Asteraceae

_Stereospermum nematocarpon |
‘Rhigozum madagascariense . |

winHrToiricForiroAd40i0i0nninT
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Table 5. (cont.)

Scientific name Family

Ehretia decaryi Boraginaceae

Cassinodeasp. ...
Gymnosporia linearis ...
Salvadoropsis arenicola ...
Loeseneriella urceolus

Didieraceae

Didieraceae

__Didieraceae

Erythroxylaceae .
.Euphorbiaceae  :.
.Euphorbiaceae  :.

..Euphorbiaceae . ..
e EURDOrbiace@e | i
unda (C)........[Fabaceae . . . . .

halao (C)...................Fabaceae

tulearensis

Mimosa delicatula (C)............F

Tetrapterocarpon geayi (C) ...
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HoH0 0000
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Table 5. (cont.)

Scientific name Family

Clerodendrun sp..............
Karomia microphylla (C). ...
Capuronianthus mahafaliense
Adansonia rubrostipa ...
Grewia sp. (C).
Grewia grevei (C). ...
Grewia tulearensis ...
Grewia mahafalensis .........Malvaceae . . . ..
Grewia humblotii (C)...........Malvaceae . . . ..
Grewiasp.2 . ...........Malaceae .
Humbertiella quararibeoides . Malvaceae . . ..
Indetermined_Kotaky .......Malvaceae . . . ..
Humbertiella quararibeoides . Malvaceae . . .
Neobeguea mahafaliensis (C)....Meliaceae.
Olax andronensis (C)..........0Olacaceae . . . ..
Ximeniaperrieri . _........Olacaceae . . .
Adenia olaboensis (C)...............Passifloraceae .
Uncarina stellulifera (C)..........Pedaliaceae . ...
Plumbago aphylla__ ... .Plumbaginaceae .
..Polygalaceae
......... e POlygAlACEAE
Talinella microphylla (C)...........Portulacaceae .
Cedrelopsis gracilis ............Ptaeroxylaceae
Cedrelopsis grevei (C)............Ptaeroxylaceae .
Paederia grandidieri ... . Rubiaceae . . .

‘Golonium adenophorum . Rubiaceae . . . .
Catunaregam spinosa subsp.
SpiNOSa. . RUDIACEAE

Verbenaceae ..
Lythraceae
Lythraceae

Malvaceae ... ..

Malvaceae ... ..

Malvaceae ... ..

Malvaceae ... ..

OCHAD OV OTOCrOHANO 00000000000

‘n

Salvadora angustifolia__. ... . Salvadoraceae . .
Erythrophysa aesculina ... .Sapindaceae . ..
Leucosalpa poissonii ... Scrophulariaceae
Lycium acutifolium ... ... .Solanaceae . . . ..
Solanum hippophaenoides ... . Solanaceae . . .
Xerophyta tulearensis ... \Velloziaceae . . ...
Cissus boseri ... ..Vitaceae . . .

Zygophyllum depauperatum Zygophyllaceae

wirTivnirAi-;

x
x

x
x
x
x
x
X
x
x
X
x
X
X
x
X
x
X
X
x
x
x

with the maximum between February and March. Leaf
fall occurred from June to December/January and
lasted for 196 day (28 weeks). The maximum number
of plant species in the phenological plots without
leaves was reached in October with 50% (= 5; n = 63
plant species). The period when trees did not have
leaves differed by 32 days between DFS and XBC,
by 18 days between DFF and XBC, and by 14 days
between DFS and DFF. These differences were not
significant, neither for the duration when trees did not
have leaves (F = 2.4, P > 0.05), nor for the time with
leaves (F = 2.17; P > 0.05; ANOVAs were based on
the duration of the leafing phenophase per species in

each vegetation type). Species specific variation will
be addressed in a forthcoming manuscript.

Flowering

The relative abundance of plant species flowering per
month from June 2007 to March 2009 is summarized
in Tables 6 and 7 and Figure 7. The number of
flowering species decreased from March until June/
July and then increased in August. The season of
flowering varied between years and between the
three types of vegetation, but in all phenological
plots flowering occurred in two different periods. One
group of species had flowers at the end of the dry
season. A second group peaked during the wet and
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the beginning of following dry season (Figure 7). The
majority of plant species flowered when plants did
not have leaves. In the DFS vegetation, the annual
maximum of flowering occurred in November, with
36 + 6% of the plant species flowering during that
time. Another peak occurred between February (30
+ 10%) and March (32 £ 5%) when most trees had
leaves. In the XBC vegetation, the maximum peak of
flowering occurred in October with a mean of 31 £ 2%
of the plant species. The second peak of flowering
was between January (28 + 12%) and February (32 £
5%). In the DFF vegetation, the peak during the time
without leaves occurred in November with 29 + 2%

and the second peak in January with 34 + 6% of the
plant species.

Fruiting

The annual fruiting phenology in the different
phenological plots from June 2007 until March 2009
is summarized in Tables 7 and 8 and Figure 8. In all
phenological plots, the different plant species started
to bear fruit at the end of the dry season and extended
fruiting into the wet season. Several fruiting peaks
were found in each phenological plot with fruiting
peaks corresponding to earlier flowering peaks. In

general, the first maximum peak of fruiting occurred in

Table 6. Percentage of flowering plant species with flower in the different phenological plots from June 2007 to March
2009. Mean and standard deviation are based on monthly averages. Veg. type: vegetation types. N: number of plant

species.
Veg.-
type Jan Feb Mar Apr May  Jun Jul Aug Sep Oct Nov Dec
DFS 63 29+4 30+10 32+5 22+2 16+2 17+4 21+3 22+2 29+2 33+5 36+6 35+2
XBC 58 284123245 22+2 19+2 170 19+1 20+7 22+2 262 31+2 29+2 28+12
DFF 63 34+6 22+6 25+5 15+1 6+0 8+6 8+5 13+2 16+5 22+3 29+2 27+4

Figure 7. Percentage of flowering plant species in relation to species with leaves from June 2007 to March 2009 in the

three vegetation types of Tsimanampetsotsa National Park.

December before the maximum rainy period and the
second peak occurred between February and April,
during the height of the wet season.

In the DFS vegetation, annual maximum fruiting
occurred generally in December with 48 £ 1% of the
plant species bearing fruits. This corresponded to the
end of the dry season and the beginning of the wet
season, before the flush of new leaves. The peaks
during the raining period were generally in April with
about 45 + 1% of the total number of plant species. In

the XBC vegetation, the fruiting peaks occurred during
the time of leaf fall in September with a mean of 20
+ 8% of the plant species and during the renewal of
leaves in December with 27 + 2% of the plant species.
The second peak of fruiting was in February with
34 + 3% of the plant species, corresponding to the
maximum peak of flowering during the wet season. In
the DFF vegetation, the first fruiting peak occurred in
December during the beginning of leaf renewal with
36 + 1% of the plant species. The second peak was
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Table 7. Flowering and fruiting of all plant species in the study area, from June 2007 to March 2009. ............ flowering;
fruiting, SD: short day; LD: long day; DRY: dry season and WET: wet season, L.F.: life forms, T: tree, H: shrub,

L: liana, H: herb.

2007 2008 ¢ 2009
DRY WET DRY WET
sD LD LD SD LD LD
Sciertific name Famihy F.iJiJ:A:S:i0 JiF JidiA 0 JiFiM
Abwtiion ncicLm Malvaceae =t
Crodon sp. 3 Euphorhiaceae e —
Crotan ap. B Euphorhiaceas —_

Crofon sahdfonmis

Euphorhiaceae

Ziganiglilem depauparatiim

Zygophyllaceae

Cadaba virgata Brassicaceae

Crotan sp. Euphorhiaceas

Croton spe 2 Euphorhiaceas —_
Sanng metidionails Fahaceae
Logsenetie/la Wreeoll)s Celastraceae

Crossandra polssaniy Acanthaceae E

Diospyros manampetsae Ehenaceae e
Fiumbago apfglla Flumbaginaceae

Justicia spicata Acanthaceae

Defonix fforbunda Fahaceae

Xirmenia petrierl Olacaceae

Aenvag madagassica Amaranthaceae

Incfigofera sp. Fabaceas

Grewla grevel lakvaceae el
Crotalaria andrayensla Fabaceas

Saladoropsis arenicola

Celastraceae

Steraospernim nematocaron

Bighoniaceas

Comimiphora simaiicifolia Burseraceae —_

wararnia micropiyiia Lamiaceae

Tetraptarocainon geay! Fabaceas 1
Mimosa delicalla Fahaceae
Acaclia balilia Fahaceae

Faedaria grandicion Fubiaceae

Androva decand Buddlejaceas

Aenva sp. Amaranthaceae

Falciing proteifarmia Aszteracese

Fllchea grevel Asteraceae

Falgala greveana FPolyaalaceae

Aloe divaricata Aloeaceae

Distephanis subiutens Aszteracese

Blephartis caicitrapa Acanthaceae

Leucosalna polssaniy

Scrophulariaceae

SFmNoEnora inearls

Celastraceae

Maerua fifonmis

Brassicaceae

Crofon cotoneastar

Euphorhiaceas

Neobeguea mahatalichsls heliacear =

CnancBum nocdosum Apaocynaceas —_

Hicrasopetaium mahafaiiense Fabaceae =

Tephraaia alba Fabaceas =
Acacla rovimae Fabaceas —_
Albizia mahaiao Fahaceae —
Incigofera molroLRGavensis Fabaceas —

Valughania mahafaiiensla Fabaceas

Comimiphora monsttliosa Burseraceae

Endhraxeium retlsum Ergthroxylaceae

Sacarmone geayl Apocynaceas

Tenminaliia Wexolides Comhretaceae

Salanuim hippophasnoides Solanaceae

Secamone sp. Apocynaceae bl
Sacurinega seyrigyi Euphorhiaceas —_
Rueliiia alboplmures Acanthaceae —_

Saladara angustifalia

Salvadaraceae

Boscia fohagifolia

Brassicaceas

Copmiphora jarmil Burseraceae
Opercuiicansa vphaenoides Anacardiaceas
Commiphora arbiciars Burseraceae
Cornimiphora Bumbertiy Burseraceae
Commiphora mahataliensis Burseraceae
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Table 7. (cont)

2007 2008 { 2009
DRY WET ORY WET
SO LD LD SO LD LD
Scientific name Family Foidid ASO:N:D::FMIAIM: J:J RS ON:D:JFIM
Foupartia minar Anacardiaceae
Uncating steillifara Fedaliaceae

Azima telracantha

Salvadoraceae

Elphoribia tricalli

Euphaorbiaceae

Endhrophvaa aesculing

Sapindaceae

Fuphotbia stenociacia

Eupharbiaceae

SEOCERILE aImericantls

Hernandiaceae

Tarmingiia disiuncta Combretaceae
CQfax ghdfonensis Qlacaceas
Cperciiicansa decangd Anacardiaceae
Combratum grandidier’ Combretaceae
Adenia nizhoensis Fassifloraceae
Sacarmone tahuiolia Apocynaceas
Alluaudionsls fiherenansis Didieraceae

Cedrelapals graclila

Ftaeroxylaceae

Cedrelansls grevel

Ftaeroxylaceae

Albizla hlearansis

Fabaceae

Crotan qeayi

Euphorbiaceae

RAIGoILm madagascarienss

Bignoniaceae

Laynuiranialim edule

Fabaceae

Didiares madagascatiensis

Didieraceas

Talinella microgpflia

Porulacaceas

Ehretia sp. Boraginaceae = -
Commiphora matehandil Burseraceae

Acalipha decanyana Euphorbiaceae

Ligciuem acuifaliiem Solanaceas —

Alluaudia comosa Didieraceae iy -

155005 bosar Witaceae

Alantsiiodendron alivaudianum Fabaceae

Kerophta e arensia VelloZiaceae —_
Hinsperas humberiiana Ebenaceae g
FOIORINT SEENONROILNT Fuhiaceae _—

Capuranianthus mahafaliense Lythraceae

Chaclala gravel Fahaceae —
Ehretia decany Boraginaceae —
Undetermined Malvaceae

Grewia mahafaichals hahaceae -

Srawia tiiearansis Malvaceae

Srewia sp. Malvaceas

Lawsonia Ihakimis Lythraceae

Acfanaonia rubrosting Malvaceas

Humbertieila quararibeclides Malvaceae

Dichrostachys lennifolia Fahaceae

Catunaregam spinosa subsp spinosa  |Rubiaceae

Grawia hurmbriol mahaceae

R e ER O e e EE R N e R n e H O e HO H O e H i E v Hen Ee Hen 0 n ) - ] e He Hen Hen HEE s Hun E i E R EE B I

Table 8. Percentage of fruiting plant species with fruit in the different phenological plot from June 2007 to March
2009. Mean and standard deviation are based on monthly average. Veg. type: vegetation types. N: number of plant

species.
Veg.type N Jan Feb Mar Apr May  Jun Jul Aug Sep Oct Nov  Dec
DFS 63 38+1 40+4 40+1 45+1 37+2 24+9 25+5 25+3 24+5 29+3 37+4 48+1
XBC 58 28+8 34+3 29+4 32+1 29+2 16+12 14+6 16+6 20+8 18+3 22+2 27+2
DFF 63 37+2 37+7 31+2 35+2 27+2 16+6 12+2 14+2 17+1 21+1 27+5 36+1

during the wet season in February (37 + 7%) after the
maximum peak of flowering.

In all phenological plots, the first maximum
fruiting period was synchronized with the end of the
dry season and before the time of maximum rainfall.
However, during the wet season, maximum fruiting

was asynchronous between the different phenological
plots. The fruiting peak in the phenological plot of dry
forest on sandy soil (DFS) is one month later than
in the phenological plot in the xerophytic bush on
calcareous soil (XBC), and the phenological plot of
dry forest on ferruginous soil (DFF). DFS contained
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Figure 8. Fruit phenology of the different phenological plots in relation to flowering from June 2007 to March 2009 in

Tsimanampetsotsa National Park.

more fruiting plant species than the phenological plot
on dry forest on ferruginous soil and the phenological
plot in the xerophytic bush on calcareous soil.

In some species, the duration of the fruiting
phase (young and mature fruit) is long, including
almost both flowering seasons. These species are:
Aerva madagassica, (Amaranthaceae), Polycline
proteiformis, Pluchea grevei (Asteraceae), Blepharis
calcitrapa, Justicia spicata (Acanthaceae), Cadaba
virgata (Brassicaceae), Acacia bellula, Crotalaria
androyensis, Delonix floribunda, Dicraeopetalum
mahafaliense, Indigofera sp., Mimosa delicatula,
Senna Tetrapterocarpon  geayi
(Fabaceae), Loeseneriella urceolus (Celastraceae),
Leucosalpa poissonii (Scrophulariaceae), Neobeguea
mahafaliensis (Meliaceae), Polygala greveana
(Polygalaceae), Plumbago aphylla (Plumbaginaceae),
Secamone sp. (Apocynaceae),
hippophaenoides (Solanaceae), Stereospermum
nematocarpon (Bignoniaceae), and Zygophyllum
depauperatum (Zygophyllaceae).

meridionalis,

Solanum

Abiotic triggers for phenological changes

Insulation, monthly mean, maximum and minimum
temperatures, and daily temperature ranges were
highly correlated with day length in all three types of
vegetation. Therefore, we only used day length and
monthly rainfall to illustrate possible effects of abiotic
factors on phenophases. Day length was significantly
correlated with the average monthly rainfall from 1950
— 2000 (r, = 0.79, n = 12, P = 0.002), but not with
the monthly averages of rain between 2007 and 2009

(r,=0,n=12, P > 0.05). If environmental changes
(such as rainfall) could be reliably associated with day
length over evolutionary time scales, evolution would
have favored plants that use day length as the trigger
to initiate a specific phenophase. This would give
plants a head start once the actual environmental
change begins. Alternatively, if the link between
day length and seasonal changes is unreliable,
evolution would have favored individuals that wait
with the initiation of a given phenophase until the
environmental change has actually become effective.
Thus, the onset of phenophases represent either the
response to photoperiod (day length) as a proximate
factor associated with long-term averages in abiotic
conditions (historical rainfall), or to contemporary
rainfall (years 2007 — 2009) as an ultimate factor for

Table 9. Spearman correlations between day-length,
historical rainfall data from 1950 — 2000, contemporary
rainfall from 2007 — 2009, and phenological data
recorded from 2007 — 2009 in different vegetation
formations. Correlations are based on monthly means
(n = 12). Values are correlation coefficients; asterisks
indicate significance levels: * P < 0.05; ** P < 0.01; ***
P <0.001.

Abiotic factor Leaf fall Flowers Fruits
DFS Day length 0.37 0.87***  0.65*
Rain 1950 — 2000 -0.11 0.55 0.75**
Rain 2007 - 2009  -0.76* -0.08 0.44
XBC Day length 0.47 0.80**  0.46
Rain 1950 — 2000 -0.01 0.48 0.72**
Rain 2007 - 2009  -0.71* -0.08 0.70*
DFF Day length 0.41 0.94**  0.76**
Rain 1950 — 2000 -0.04 0.74*  0.92%**

Rain 2007 - 2009  -0.72**  0.12 0.47
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metabolic activity. The shift in rainfall patterns between
the last century and the past few years (Figure 3)
allows a separation of the proximate trigger from the
ultimate factor.

In all phenological plots, flowering showed a clear
correlation with day length (Table 9). In the edaphically
dry xerophytic bush, flowering ceased after the
longest day in November (Figure 7). The percentages
of flowering plant species were remarkably similar
in months with similar day lengths despite being
in the opposite phase of increasing or decreasing
day lengths. Rainfall did not show a consistent
relationship with the percentage of plants flowering.
The various plant species seem to have different
strategies associated with flowering either at the end
of the dry season or at the height of the wet season.
Day-length and historical rainfall patterns also seem
to be the overriding components determining fruiting
as compared to the contemporary monthly rainfall.
The sequence of the percentage of plant species with
fruits is reversed compared to the situation of plants
without leaves. The absence of leaves follows day
length in a clockwise fashion, while fruiting patterns
are counter-clockwise.

Discussion

Intropical forests, plantphenology shows complexlinks
to environmental conditions such as air temperature
(maximum and minimum temperature), precipitation,
day length, and insolation (Mitchell, 1992; van Schaik
et al., 1993; Bullock et al., 1995; Gwada et al., 2000).
While seasonal variation in day length will remain
unaffected, rainfall characteristics are expected to
shift as the climate changes. These modifications
in precipitation will have important consequences
for plant growth and reproduction with far reaching
consequences for natural and anthropogenic
ecosystems. In the context of these climatic
changes, the goal of this study was to document the
phenological characteristics of different vegetation
types in the spiny forest of southwestern Madagascar.
Specific objectives were to record general leaf, flower,
and fruit phenology of different plant species and
their combined community wide pattern in different
vegetation types in Tsimanampetsotsa National Park.
In particular, we wanted to investigate whether plants
use the actual rainfall or long-term conditions and
day length as a proxy for long-term and evolutionary
active forces that initiates specific phenophases in
this seemingly unpredictable environment.

In all phenological plots, the maximum vegetation
activity (maximum leaf phase) occurred between

December and June. Prior to the recent shift in
rainfall, this time represents the traditional time of the
wet season (December to March) and the beginning
of the dry season (April to June). The time during
which plants had leaves lasted from 22 weeks in the
dry forest on sandy soil, 23 weeks in the dry forest
on ferruginous soil to 26 weeks in xerophytic bush on
calcareous soil. The vegetative phase in the xerophytic
bush was three to four weeks longer than in the dry
forests on sandy or ferruginous soils.

Within a given vegetation formation, the
deciduous plant species did not react in the same
way to environmental factors. The loss of leaves
was asynchronous among the different species
in the same family. Of all plant taxa in the different
vegetation types, 12 species were identified that
shed their leaves coinciding with slight changes of
external environmental conditions, such as a drop in
temperature or shorter day length at the beginning
of the dry season. These plant species belong to
the families Burseraceae (Commiphora marchandii,
C. orbicularis, C. humbertii, and C. simplicifolia),
Anacardiaceae (Poupartia minor), Euphorbiaceae
(Acalypha decaryana), Fabaceae (Delonix floribunda),
Hernandiaceae (Gyrocarpus americanus), Meliaceae
(Neobeguea mahafaliensis), Passifloraceae (Adenia
olaboensis), Pedaliaceae (Uncarina stellulifera),
and Portulacaceae (Talinella microphylla). Other
plant species lost their leaves completely during
the dry season with ongoing water stress and
increased temperature. These are largely members
of the Apocynaceae, Bignoniaceae, Celastraceae,
Combretaceae, Didieraceae, Ebenaceae,
Erythroxylaceae, Euphorbiaceae, Fabaceae (except
floribunda), Lamiaceae, Lythraceae,
Malvaceae, Polygalaceae, Ptaeroxylaceae,
Rubiaceae, Solanaceae, and Scrophulariaceae.

Flowering in the different vegetation types was
bimodal: one group of species flowered during the dry
season (June to November), corresponding to the time
of maximum leaf fall. The second group of species
peaked during the wet season, thus coinciding with
maximum leaf flush until the end of the wet season
(December - April). This matches the situation found
in other dry forests of Madagascar (reviewed by
Bollen & Donati, 2005).

Of the 111 plant species followed in the
phenological plot, only 17 species flowered during
the cold months under short day conditions (less
than 12h): Abutilon indicum (Malvaceae), Blepharis
calcitrapa, Justicia spicata (Acanthaceae), Boscia
longifolia, (Brassicaceae),

Delonix

Maerua filiformis
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Commiphora lamii, C. orbicaulis (Burseraceae),
Croton cotoneaster, C. salviformis, Croton sp.
2, Croton sp. 3 (Euphorbiaceae), Gymnosporia
linearis (Celastraceae), angustifolia
(Salvadoraceae), Secamone sp. (Apocynaceae),
Vaughania mahafaliensis (Fabaceae), Zygophyllum
depauperatum (Zygophyllaceae), and Leucosalpa
poissonii (Scrophulariaceae). All other plant species
flowered during the dry or wet season, but under long
day conditions.

Fruiting also peaked twice per year. One peak
occurred at the end of the dry season, which
coincides with the period of high winds from the south
(monsoon). The second peak was observed during the
hot wet season and coincided with the period when
animal-dispersers have come out of hibernation, such
as Microcebus griseorufus or different bird species
commence to breed. Several animal-dispersed
plant species have fleshy fruits at the end of the
dry season, and these include: Adenia olaboensis
(Passifloraceae), Azima tetracantha, Salvadora
angustifolia  (Salvadoraceae), Boscia longifolia,
Maerua filiformis (Brassicaceae), Catunaregam
spinosa subsp. spinosa (Rubiaceae), Commiphora
humbertii, C. lamii, C. mahafaliensis, C. marchandii,
C. monstruosa, C. orbicularis (Burseraceae),
Cissus boseri (Vitaceae), Diospyros humbertiana
(Ebenaceae), Ehretia sp. (Boraginaceae),
Erythrophysa aesculina (Sapindaceae), Golonium
adenophorum (Rubiaceae), Grewia mahafaliensis,
G. tulearensis (Malvaceae), Olax andronensis
(Olacaceae), Operculicarya decaryi, 0.
hyphaenoides, Poupartia minor (Anacardiaceae),
Salvadora angustifolia (Salvadoraceae), Talinella
microphylla (Portulacaceae), Terminalia disjuncta
(Combretaceae), and Uncarina
(Pedaliaceae).  Species  with  wind-dispersed
seeds include: Alluaudia comosa, Alluaudiopsis
fiherenensis, Didierea madagascariensis
(Didieraceae), Cedrelopsis gracilis (Ptaeroxylaceae),
Gyrocarpus (Hernandiaceae),
Humbertiella quararibeoides (Malvaceae), Polygala
sp. (Polygalaceae), and Rhigozum madagascariensis
(Bignoniaceae). Thus, the presence of several fruiting
peaks can be interpreted as adaptations to different
forms of pollination, dispersal agents, and germination
physiology (Phillipson, 1996). In seasonal tropical
forest, most wind-dispersed species ripen and
release fruits at the end of dry season. This coincides
with the time of strong winds and the lack of leaves
that could inhibit dispersal (Rathcke & Lacey, 1985;
Jordano, 1992; Stevenson, 2004).

Salvadora

stellulifera

americanus

Water, available in the soil is presumably the
ultimate factor for reproduction and survival. In a
region characterized by aridity and highly variable
weather conditions, organisms should respond quickly
to favorable conditions and initiate flowering with the
first rains. This is well known from the explosive growth
and flowering of herbaceous plants of southern Africa
and other savanna-type vegetation formations in the
dry regions of the world.

However, there is a negative aspect of responding
too quickly to falling rain. In the Kirindy/CFPF
(now Centre National de Formation, d’Etudes et
de Recherches en Environnement et Foresterie
[CNFEREF]) forest, with some 800 mm of rain per
year, water reserves for young plants last only for
4-7 days, if rain does not fall during the growing
season (Sorg & Rohner, 1996). Thus, if plants initiate
flowering and fruiting too early, they risk that their
seeds are dispersed under unfavorable conditions for
germination and sustained growth.

In many tropical forests it is difficult to identify
the selective forces acting upon the evolution of fruit
characteristics (Bollen et al., 2005) and phenological
changes as day length, rainfall, and temperature are
correlated (van Schaik et al., 1993).The recent shift of
the wet season from December/January to March/April
in southern Madagascar (Figure 3) allows separation
of these effects to some extent. Correlations indicate
that leaf flush is triggered by actual rainfall, while
initiation of flowering and fruiting is linked to rainfall
patterns prevailing in the recent past. Today, these
historical rainfall patterns may best be represented by
day length that serves as a proximate factor to trigger
flowering and fruiting. If so, we have to assume that
rainfall patterns were largely stable for long enough
to allow the evolution of day length to be used as a
proxy and reliable signal for the plants to optimize
reproduction. This then implies that past climatic
parameters were less variable than today (Ganzhorn,
1995; Dewar & Richard, 2007).

Inthe context of climate change, plantsthatrespond
to day length as a proxy for past rainfall patterns
might face problems in reproduction if the shift of the
peak precipitation becomes permanent. Certainly,
this aspect will have far-reaching consequences for
the functioning of natural ecosystems, as well as for
agriculture and livestock practices in southwestern
Madagascar.

However, we should not underestimate the speed
of evolutionary change. Recent studies on bird
migration and mammalian hibernation indicate that
day length as a trigger for initiating these behavioral
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changes can be modified in just a few generations
(Coppack et al., 2008). For example, the nocturnal
lemur Microcebus griseorufus in the spiny bush of
Madagascar can react in a very flexible manner
to environmental change, which is not limited in its
response by circadian phenomena (Kobbe et al.,
2010). Hence, it is important to establish long-term
monitoring in the southwestern Madagascar to create
a model of the effects of climate change on the
phenology of the endemic plant communities.
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APPENDIX. Different plant species found in the different phenological plots. DFS = dry forest on sandy soil; XBC =
xerophytic bush on calcareous soil; and DFF = dry forest on ferruginous soil. The local name in Malagasy is given for
undetermined plant species. The different life forms (LF) include: T = tree, S = shrub, L = liana, and H = herb.

Presence in two phenological plots (5 x 200
m) per vegetation type

Plant species Author Family LF DFS XBC DFF
Abutilon indicum (L.) Sweet Malvaceae CH ....... + . -
Acacia bellula T
Acaciarovumae T -
Acalypha decaryana S +
Adansonia rubrostipa T +
Adenia olaboensis PL +
Aerva madagassica Amaranthaceae S -
Aevasp. Amaranthaceae S *
Alantsilodendron alluaudianum Fabaceae ‘s -
Albizia atakataka Fabaceae ' S -
Albizia mahalao Capur b T +
Albizia tulearensis R. Vig. Fabaceae T -
Alluaudia comosa Didieraceae ST
Alluaudiopsis fiherenensis Didieraceae | S
Aloe divaricata Aloeaceae S -
Androya decaryi H. Perrier Buddlejaceae T -
Polycline proteiformis L -
Azimatetracantha S -
Bauhinia grandidieri Fabaceae S +
Blepharis calcitrapa Acanthaceae i H -
Boscia longifolia Brassicaceae | T *
Cadabavirgata Brassicaceae | S -
Capuronianthus mahafaliense J.-F. Leroy Lythraceae S +
S -
S
Cedrelopsis gracilis T -
Cedrelopsis grevei T +
Chadsia grevei Fabaceae = S *
Clerodendrun sp. Verbenaceae S *
Combretum grandidieri Drake Combretaceae L +
Commiphora humbertii S -
Commiphora lamii T +
Commiphora mahafaliensis S +
Commiphora marchandii T +
Commiphora monstruosa Burseraceae | S *
Commiphora orbicularis Burseraceae | S *
Commiphora simplicifolia Burseraceae ) +
Crossandra poissoni _ Acanthaceae S -
Crotalaria androyensis R. Vig b S
Croton cotoneaster Mull. Ar Euphorbiaceae S -
Crotongeayi Euphorbiaceae ‘s -
Croton salviformis Euphorbiaceae S *
Crotonsp.1 Euphorbiaceae = S *
Crotonsp.2 Euphorbiaceae S -
Crotonsp.3 S -
Crotonsp.6 S +
Cynanchum nodosum L +
Cissus bosseri L +
Delonix floribunda Fabaceae | T *
Dichrostachys tennifolia Fabaceae ' S *
Dicraeopetalum mahafaliense (M. Pelt.) Yakovlev Fabaceae T -
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APPENDIX. (cont.)

Presence in two phenological plots (5 x 200
m) per vegetation type

Plant species Author Family LF DFS XBC DFF
Didierea madagascariensis Baill Didieraceae : : : : :
Diospyros humbertiana
Diospyros manampetsae
Ehretia decaryi

Ehretia sp.
Erythrophysa aesculina
Erythroxylum retusum
Euphorbia stenoclada
Euphorbia tirucalli
Golonium adenophorum
Grewia mahafalensis
Grewia grevei

Grewia humblotii

Grewia sp.

Grewia sp. 2

Grewia tulearensis
Gymnosporia linearis
Gyrocarpus americanus
Humbertiella quararibeoides
Indigofera mouroundavensis
Indigofera sp.

Kalanchoe milloti
Karomia microphylla
Undetermined_Kotaky
Lemuropisum edule
Leucosalpa poissonii
Loeseneriella urceolus
Lawsonia inermis

Lycium acutifolium

Maerua filiformis

Mimosa delicatula
Neobeguea mahafaliensis
Olax andronensis Baker Olacaceae
Operculicarya decaryi
Operculicarya hyphaenoides H. Perrier Anacardiaceae

Justicia spicata .. (Nees)Baron _  Acanthaceae
Paederia grandidieri Drake Rubiacea
Plumbago aphylla

Polygala greveana
Polygala sp. 2

Poupartia minor

Pluchea grevei
Rhigozum madagascariense
Roupellina boivinii
Ruellia albopurpurea
Salvadora angustifolia
Salvadoropsis arenicola
Secamone geayi

Secamone sp.
Secamone tenuifolia
Securinega seyrigyi

Senna meridionalis

+ -+
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APPENDIX. (cont.)

Presence in two phenological plots (5 x 200
m) per vegetation type
Plant species Author Family LF DFS XBC DFF
Solanum hippophaenoides Solanaceae ‘ ‘ ‘ ‘ ‘

Stereospermum nematocarpon  A.DC. | Bignoniaceae
Talinella microphylla Eggli Portulacaceae
Tephrosia alba i}
Terminalia disjuncta
Terminalia ulexoides
Tetrapterocarpon geayi
Uncarina stellulifera
Vaughania mahafaliensis
Distephanus subluteus
Xerophyta tulearensis
Ximenia perrieri i}
Zygophyllum depauperatum Drake Zygophyllaceae

i i+
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