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Abstract — Twenty dominant plant species representing different life forms were investi-
gated phenologically over a period of 36 months (January 2004 to December 2006). Plant
populations were sampled at down-, mid-, and upstream sites in a desert wadi ecosystem.
The results were analyzed using TWINSPAN, DCA and CCA techniques. Five pheno-
logical niches were apparent: (1) species flowering all year round, with peaks in spring
and autumn such as Ochradenus baccatus; (2) species flowering during winter including
Lycium shawii and Tamarix nilotica; (3) species flowering during spring, e.g., Zilla
spinosa, Zygophyllum coccineum and Capparis spinosa; (4) species flowering during
summer including Iphiona mucronata and Deverra triradiata; and (5) species flowering
during autumn that include Atriplex halimus and two Anabasis species. The climatic vari-
ables, including temperature, rainfall and relative humidity, affect the phenological niches
and between-species differences. Within-species variations occurred between years and
there were no between-site variations for most study species. The different plant species
exhibited phenological diversity along the course of the wadi ecosystem. The pheno-
logical niches are species-specific and environmentally dependent rather than local selec-
tive pressures.
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Introduction

Whereas an understanding of plant phenology may be best interpreted in the context of
the larger flowering community (AUGSPURGER 1983), there have been few studies that ex-
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amined patterns among or within species (GOULART et al. 2005). Few studies have com-
pared species located at sites having marked environmental differences (BORCHERT 1980,
LoBo et al. 2003, VITASSE et al. 2009). A comparative approach is useful for understanding
the phenological rhythm as a species survival strategy, and showing how abiotic factors
may generate differentiation among species in their phenology. The extent of synchrony
between phenological and ecological events is often shown by the correlation of population
sizes at different localities, where synchrony tends to decrease with distance (HUDSON and
KEATLEY 2010).

Wadi vegetation dynamics as a whole and plant phenologies in particular have been lit-
tle studied, especially following the episodic flash floods that characterize these ephemeral
watercourses. In the desert, plant growth is almost always triggered by rainfall, and hence
occurs infrequently or irregularly during rain. Vegetation tends to develop in wadis and
other habitats receiving runoff water. Given that rainstorms do not follow precise annual
patterns, and there are frequently decades between storm events, the perennial plant sea-
sonal phenologies are products of the whole environmental setting, and thus tend to have
great variability and variation in response (KASSAS 1966).

Desert plants often exhibit phenotypic plasticity in their ability to adjust the timing of
phenological events to accommodate differences in habitat, microsite and other variations
in local environmental factors (AYYAD et al. 1985, GUNSTER 1994, GHAZANFAR 1997).
Phenological records on desert plants can be used as environmental indicators to determine
the length of the actual growing season, where plants may compete for an advantage. The
phenological phases of plants within different environmental conditions may explain how
desert species are adapted to, and often restricted by, particular local conditions, and how
plant life cycles are adjusted in accordance with environmental stressors. This approach
can be used to explain features in a plant population or community that must change for
survival and growth under a given set of environmental conditions (SEGHIERI and SIMIER
2002, GOULART et al. 2005).

The phenology of 54 desert plants in a gravel desert wadi in northern Oman was studied
by GHAZANFAR (1997) in relation to climatic variables. The onset and duration of growth
and flowering were significantly associated with the timing and abundance of rainfall, as
was plant growth form. The variation in total rainfall did not affect the onset of flowering in
phanerophytes and chamaephytes due to their adaptive perennial habit and water availabil-
ity in the extended rhizosphere. Alternatively, due to their ephemeral habit, the phenology
of therophytes and geophytes was significantly affected by variations of rainfall. Despite
the differences in timing and amount of rainfall, the sequence of flowering for the majority
of species was more or less constant among years.

MaRrco et al. (2000) studied three populations of Larrea divaricata in dry Chaco sys-
tems, in Argentina, and showed that patterns of flowering and fruiting in especially hetero-
geneous habitats differed significantly among populations of a single species. AYYAD et al.
(1985) studied phenology in eight desert perennials having different life forms, in the
non-saline depressions of the Western Mediterranean coastal region. They found major ef-
fects of climatic fluctuation and of controlled grazing on the phenology in these plants. Re-
cently, LEsicA and KITTELSON (2010) suggested that studies have only just begun to docu-
ment phenological changes and their relationship to climate change. Phenological studies
at vegetation-level are scarce in arid lands, which are likely early indicators of climate
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change. Previous studies on plant-environment relationships have demonstrated that popu-
lation dynamics and phenological events are considered good indicators of the bioclimatic
character in desert regions (SHALTOUT 1987, HEGAZY 1990, AGREN et al. 2008).

In this study we argue that hyperarid desert wadi conditions may lead to phenological
specialization and diversity, including temporal partitioning of the flowering and reproduc-
tive niche around the year in both space and time. Phenological specialization may be a
product of competition among plants for pollinators and pollination activities, and we ex-
pect, in principle, some evolutionary divergence along a resource axis (i.e., resource parti-
tioning), reducing the negative interaction between coexisting species. STONE et al. (1998)
studied partitioning of pollinators during flowering in an African Acacia community. They
showed major functional partitioning was achieved among some Acacia species through
separation of flowering in space and seasonal time, and through inter-specific differences
in pollinator guilds.

The aim of this paper is to examine whether there are different phenological patterns
among the different plant populations in a desert wadi ecosystem and, whether the
phenology of the different plant species is constrained by local selective pressure and
whether it is to any extent influenced by the climatic variables.

Material and methods

Wadi Degla is located in the north of the Eastern Desert of Egypt. It extends some 30
kilometres in a southeast to northwest direction, between longitude 31° 19' to 37" and lati-
tude 29° 53' to 57'. The Wadi has a significant gradient, dropping c¢. 10 m km™' along the
course of the stream, and draining from Gabal (Mountain) Abu Shama, at 578 m a.s.l. and
debouching into the Nile Valley, at 21 m a.s.l. (Fig. 1). The study sites of the wadi differ in
elevations, with the downstream section ranging from 85 to 200 m a.s.l., midstream from
220 to 330 m a.s.l., upstream from 340 to 420 m a.s.l., and the (downstream) tributaries
from 140 to 250 m a.s.1. The main wadi is generally wide, though differs in its width among
the four locations between 50 to 600 m.

The highest values of rainfall in the study site are 25.3+14.23 mm, relative humidity
64.37+5.54%, temperature 27.66x1.2 °C and wind speed 15.71+5.1 Km h™'. The lowest val-
ues of temperature are 16.631+4.44 °C, dew point 8.7442.7, relative humidity 47.27+0.01%
and wind speed 11.14+0.44 Km h™" with absence of rainfall.

Wadi Degla is an ancient and steep limestone valley in Egypt's Eastern Desert. In 1999,
the down- and midstream part of Wadi was declared a protected area (Fig. 1). The soil
inWadi Degla is mostly composed of rock waste varying in texture from silt to gravels and
boulders. The bed of the wadi is covered with layers of differing textures, influencing water
availability (HASSAN 2002). Aridity prevails throughout the area: low and irregular rainfall,
sharp diurnal changes of temperature and atmospheric humidity. The array of major clima-
tic variables is collected at the local Helwan Climate Station for the study period of
2004-2006 (Tab. 1). The wettest year was 2004 and 2006 the driest. Analysis of the rainfall
data for period 1998-2007 (TRMM, Tropical Rainfall Measurement Data 2007, EL-GAMAL
et al. 2008) demonstrate the hyperaridity and severe scarcity of rainfall over the Wadi Degla
ecosystem. The total accumulated depth of rainfall varies from 100 mm (c. 10 mm year™") in
the eastern (upstream) region of the catchment area to more than 400 mm (c. 40 mm year’l)
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Tab. 1. Monthly average temperature, relative humidity (%), wind speed (km h™), wind direction
(degrees from North) and dew point (°C) at Helwan station during the field study years
2004-2006 (Data source from Egyptian Meteorological Organization). Accumulated rainfall
(mm month™) calculated according to Tropical Rainfall Measurement Mission technique
(EL-GAMAL et al. 2008).

Month/ Year  Rainfall Temperature  Relative Wind Wind Dew
(mm) °C) humidity Speed Direction Point
(%) (kmh") (@) O
Jan-2004 27 11.9 70.6 21.5 202 6.36
Feb-04 6 159 58.9 94 66 7.44
Mar-04 8 19.2 54.1 139 109 8.78
Apr-04 <1 20.9 50.6 14.1 70 8.50
May-04 <1 253 51.6 14.1 93 12.18
Jun-04 0 26.8 47.2 11.4 135 12.41
Jul-04 0 28.5 47.2 10.8 146 14.35
Aug-04 <1 28.2 51.9 10.5 149 14.94
Sep-04 2 26.0 54.6 12.6 126 13.89
Oct-04 3 24.6 57.4 11.5 89 13.52
Nov-04 39 20.6 62.1 12.2 122 11.67
Dec-04 10 17.3 60.3 13.2 92 8.19
Annual total 96
Annual mean 8
Jan-2005 8 13.5 66.3 18.0 177 6.18
Feb-05 15 14.1 58.1 13.5 157 4.90
Mar-05 5 18.2 56.4 129 116 7.00
Apr-05 20 21.7 45.3 16.5 142 8.02
May-05 <1 25.2 47.6 14.0 102 12.22
Jun-05 <1 27.7 46.2 11.5 124 14.44
Jul-05 0 30.9 49.4 10.4 152 17.66
Aug-05 0 30.8 54.6 10.7 121 18.76
Sep-05 0 27.2 52.4 11.1 139 16.10
Oct-05 0 24.1 59.0 11.5 139 15.24
Nov-05 1 18.7 57.1 10.6 126 10.03
Dec-05 2 16.1 56.2 12.1 126 7.84
Annual total 52
Annual mean 4
Jan-2006 3 14.8 55.3 8.8 142 6.10
Feb-06 5 15.8 52.1 11.9 142 5.97
Mar-06 6 19.4 47.7 11.6 143 7.60
Apr-06 2 22.3 51.6 11.8 100 8.10
May-06 <1 25.1 98.5 12.0 57 8.59
Jun-06 0 28.0 39.5 134 106 12.59
Jul-06 0 29.6 434 10.3 196 15.14
Aug-06 0 31.8 48.8 10.3 127 17.93
Sep-06 <1 28.6 51.9 10.9 96 16.56
Oct-06 0 258 54.4 8.9 162 15.28
Nov-06 1 18.0 57.7 9.0 183 9.58
Dec-06 1 134 58.0 9.7 161 5.64
Annual total 20
Annual mean 2
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in the downstream, western part of the catchment area, near the outlet, while it ranged be-
tween 200 to 250 mm (c. 20-25 mm year’l) in the midstream locations. The total accumu-
lated ten-year depth of rainfall of the three downstream tributaries varied from 250 mm to
350 mm (in the west), according to position (Fig.1).

For phenological observations, a total of 114 (10 x 10 m) permanent plots were placed at
the three sampling sites (down-, mid- and upstream) along Wadi Degla stream. Population
phenology of the dominant twenty perennial species present at one or more site was inves-
tigated. These constituted the major components of the wadi vegetation (EL-ADAWY 2011),
and represented an array of different life forms (Tab. 2). Species identification followed
BouLos (1999-2005).

Tab. 2. Major species represented in populations at Wadi Degla habitats. Ch — chamaephyte
(subshrub); Nph — nano-phanerophyte (shrub); Ph — phanerophyte (tree); + — present; — — ab-

sent
) Habitat type Life
Species Down-stream Mid-stream  Up-stream  {0rm
Agathophora alopecuroides (Chenopodiaceae) + + - Ch
Anabasis articulata (Chenopodiaceae) - + + Ch
Anabasis setifera (Chenopodiaceae) + + - Ch
Atriplex halimus (Chenopodiaceae) + + + Nph
Capparis spinosa (Capparaceae) + + - Ch
Cocculus pendulus (Menispermaceae) - + - Ph
Deverra tortuosa (Apiaceae) + - + Ch
Deverra triradiata (Apiaceae) + + - Ch
Echinops spinosus (Asteraceae) + - - Ch
Ephedra aphylla (Ephedraceae) + - - Nph
Fagonia mollis (Zygophyllaceae) - + - Ch
Farsetia aegyptia (Brassicaceae) + + - Ch
Gymnocarpos decandrus (Caryophyllaceae) + - - Ch
Iphiona mucronata (Asteraceae) + + - Ch
Lycium shawii (Solanaceae) + + + Ph
Ochradenus baccatus (Resedaceae) + + - Nph
Retama raetam (Fabaceae) - + + Nph
Tamarix nilotica (Tamaricaceae) - + - Nph
Zilla spinosa (Brassicaceae) + + + Ch
Zygophyllum coccineum (Zygophyllaceae) + + - Ch

Phenological observations of individuals of each population were recorded on 50
marked and randomly selected individual plants. When there were fewer than 50 individu-
als in a population, observations were made on all individuals available in that population.
Periodic observations of phenological phases were carried out every 10 days in the peak
growing season (spring), or monthly in other seasons, during three consecutive years (2004
to 2006). Phenological phases were defined on a scale from 1 to 6 called the phenology in-
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dex. These phases were: 1 = vegetative, 2 = flower buds, 3 = flowering, 4 = fruiting, 5 =
seed dispersal and 6 = senescence or dormancy (HEGAZY and EEsA 1991). The mean value
of phenological index for individuals of different plant sizes was determined for each loca-
tion per month. Within each population, an individual was recorded when visual estimation
indicated that at least 25% of the canopy had reached a particular phase.

The classification technique known as two-way indicator species analysis (TWIN-
SPAN) (HiLL 1979) was used to analyze the plant phenological traits, using the community
analysis package (CAP 2002). TWINSPAN was used to separate the phenological traits of
the different species into groups. Ordination techniques were performed by using de-
trended correspondence analysis (DCA), community analysis package (CAP) and canoni-
cal correspondence analysis (CCA) (TER BRAAK and SMILAUER 2002). DCA was performed
to allow overall assessment of variance between the different phenological groups obtained
from TWINSPAN. CCA was used for showing the relation between the phenological
groups and environmental variables. TWINSPAN, DCA and CCA were based on the
phenological index (PI) of the twenty species at different sites across the twelve months of
2004, which was representative in regard to temperature, and also the rainiest of the three
years of observation. The ordination using CCA at the population level (site) gave similar
results and is not reported here (see EL-ADAawy 2011).

Data used in the classification and ordination of population phenology are spatially
based and considered as different values of phenological index in different species at differ-
ent sites. Yet these data were also temporal in nature. Here, sites were represented by
month, environmental variables by six climatic factors (collected at the local Helwan Cli-
mate Station near the study area) and the phenological index was considered according to
the number of sites where the species occurred. Thus phenological index was considered as
a temporal index that changed with time (monthly) and space (site) along the wadi.

Shannon-Wiener diversity index (H') was calculated to measure the flowering phe-
nology of the twenty plant species throughout 2004-2006, following LuDWIG and REY-
NOLDS (1988).

Analysis of variance (ANOVA) (SPSS 15 for Windows) was used to test the variation in
phenological traits of the study species according to population locality (down- vs. mid- vs.
upstream) and year (2004 vs. 2006) as sources of variation.

Results

Phenological diversity

According to the time of flowering and fruiting, four plant phenological groups are de-
rived from TWINSPAN classification (Fig. 2). Group A covered the three months November
to January, here called the winter season. This group includes populations of Lycium shawii
and Tamarix nilotica. Group B included the three months August to October, which ap-
proximates the autumn season. Populations of the four species Agathophora alopecu-
roides, Anabasis articulata, Anabasis setifera and Atriplex halimus are included in this
group. Group C comprised the four months February to May, representing the spring sea-
son. This group contains populations of Capparis spinosa, Cocculus pendulus, Deverra
tortuosa, Echinops spinosus, Ephedra aphylla, Fagonia mollis, Farsetia aegyptia, Gymno-
carpos decandrus, Ochradenus baccatus, Retama raetam, Zilla spinosa and Zygophyllum
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Fig. 2. Dendrogram of 12 months based on phenological index of twenty species in different popu-

lations in Wadi Degla. Four phenological groups are defined from the TWINSPAN tech-
nique (A, B, C, D). Indicator species are abbreviated to the first two letters of both genus and
species followed by capital letter representing habitat (population) (D — downstream; M —
midstream; U — upstream). Distribution of species demonstrated through DCA diagram.

coccineum. The last group, D, represents the hot summer season covering the two months
June and July. This group was characterized by populations of Deverra triradiata and
Iphiona mucronata.

The DCA ordination diagram of the different populations of the twenty species around

the year (Fig. 3) demonstrated the segregation of four phenological groups, which repre-
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Fig. 3. DCA ordination of species in different populations in 12 months with phenological groups
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defined from TWINSPAN classification. Species which flower and fruit in autumn, summer,
spring and winter are further separated by the appearance of a fifth pattern of O. baccatus.
Indicator species are abbreviated to the first two letters of both genus and species followed
by capital letter representing habitat (population) (D — downstream; M — midstream; U — up-
stream). The fifth letter for E. aphylla and O. baccatus, m = male, f = female, h = hermaphro-
dite.
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sent four phenological events. Populations of species in group A represent a phenological
event characterized by flowering in winter months, which are characterized by the lowest
temperature and highest rainfall and relative humidity values (Tab. 1). Species in group D
flower in the summer months, characterized by the highest temperature, almost no rainfall
and the lowest humidity values. Different populations of species of group B represent a
phenological group characterized by flowering in autumn. Most of the populations of the
species included in group C represent the most typical phenological group, characterized
by flowering during the spring. Months of groups B and C were characterized by interme-
diate values of temperature, rainfall and relative humidity.

Populations of female and hermaphrodite Ochradenus baccatus took a particular loca-
tion at the middle and lower side of the ordination diagram (Fig. 3), that lying between
spring and autumn groups, flowering across most of the year, with two peaks, in spring and
autumn, representing the fifth phenological group. E. aphylla, E. spinosus and F. mollis
flower in spring, with some individuals delaying, and starting flowering at the beginning of
summer. Alternatively, some individuals of D. triradiata and I. mucronata may not flower
until the end of spring. Populations of L. shawii and T. nilotica typically flowered in late
winter and early spring. A. alopecuroides populations (group B) are located at the upper
part of the array and near group D, and flower in late summer.

The twenty species represent 18 genera and 13 families and showed inter-specific vari-
ation in the relative timing of the phenological phases during 2004 and 2006. For example,
the five species, A. halimus, D. tortuosa, D. triradiata, R. raetam and I. mucronata showed
no difference between years, while the six species A. alopecuroides, D. tortuosa, D.
triradiata, F. aegyptia, R. raetam and Z. coccineum differed significantly in phenophases
among the three study sites. Female and male individuals of E. aphylla showed significant
phenological variations. Some species exhibited vegetative activity throughout the entire
rainy year 2004, including O. baccatus and C. pendulus, while others persisted in vegeta-
tive activity for periods between 6 months (e.g., E. spinosus) and 11 months (e.g., C.
spinosa). Reproductive activity extended across the entire year in some species, with bi-
modal peaks in flowering and fruiting, e.g., O. baccatus, or it may extend across most
months of the year, e.g., C. pendulus and D. tortuosa). Most species exhibited reproductive
activity during a period of two to four months with a unimodal peak of flowering and fruit-
ing.

Phenology — environment relationship

The environmental variables representing different phenological groups all over the
year are shown in table 3. There is significant variation among the major four phenological
groups in response to rainfall, temperature, relative humidity and dew point. Species in
group A are phenologically active through the winter season, while group D species are ac-
tive in the summer months. The remaining groups B and C are phenologically active in au-
tumn and spring.

The correlation between phenological dormancy or senescence and climatic variables
is shown in the ordination diagram produced by CCA with biplot of the environmental vari-
ables (Fig. 4). The length and direction of an arrow representing a given environmental
variable provide an indication of the importance and direction of the gradient of environ-
mental variable change. The angle between, an arrow and each axis is a reflection of the de-
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Tab. 3. Environmental variables of the different phenological groups obtained by TWINSPAN clas-
sification in Wadi Degla. Values are means followed by standard deviation. Significance is
according to ANOVA (P<0.05), ns = non significant

Phenological group

Environmental variable A B C D Significance
Rainfall (mm) 25.3t14.2 1.4+1.3 3.8+4.0 0+0 <0.05
Temperature (°C) 16.6+4.4 26.3+1.8 20.3+3.8 27.6+1.2 <0.05
Relative humidity (%) 64.3+5.5 54.6+2.7 53.843.6 47.2+0.01 <0.01
Wind speed (km h™) 15.7+5.0 11.5+1.0 12.9+2.3 11.1£0.4 ns
Wind direction (°) 138.8+56.8  122.0+£30.6 85.0£20.1  140.9+8.3 ns
Dew point (°C) 8.7£2.7 14.1+0.7 9.2£2.0 13.3+1.3 <0.05

gree of correlation with the axis. By dropping a perpendicular to the arrow from each spe-
cies-point an indication is provided of the relative position of species along the variable
gradient. Temperature, dew point, relative humidity and rainfall were the major climatic
variables exhibiting significant correlations with the first two axes of the analysis (Tab. 4,
Fig. 4). Species of groups A and C flower in winter, spring and come to dormancy in the hot
season. In contrast, species of group D, I. mucronata and D. triradiata which flower in the
hot season and become senescent in the wet season, are present on the high gradient of rain-
fall and relative humidity and low gradient of temperature and dew point (see the arrow
length in Fig. 4).

Species of group B, characterized by flowering in autumn and senescence in winter and
spring seasons, are present on an intermediate gradient of rainfall and relative humidity and

Tab.4. Results of CCA and correlation coefficient of the six parameters with the first four CCA axes.

Axes 1 2 3 ol
Eigenvalues 0.031 0.024 0.003 0.002 0.070
Species-environment correlations 0.947 0.973 0.943 0.822
Cumulative percentage variance

of species data 43.8 78.5 83.0 86.5

of species-environment relation 50.0 89.5 94.7 98.6
Sum of all unconstrained eigenvalues 0.070
Sum of all canonical eigenvalues 0.061
Temperature -0.7670*%** —0.5370* 0.1789 —0.0472
Relative humidity 0.3175 0.8500%**  —-0.2928 0.0490
Wind speed 0.4180 0.2695 —0.2882 0.4496
Dew point —0.8930*** —0.2571 0.1424 -0.0971
Rainfall 0.2035 0.6079* -0.3618 —-0.0144
Wind direction -0.2366 0.3254 0.2996 0.5390*

Significance levels: * P<0.05, ** P<0.01, *** P<0.005
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low gradient of temperature and dew point. Two species were significantly associated with
wind direction, both of them characterized by having separate sex forms, i.e., male and fe-
male individuals, E. aphylla, and female and hermaphrodite individuals, O. baccatus.

In the year 2004, the highest Shannon diversity index (H') of flowering phenology for
the study species (2.63) was achieved in April, followed by March, May and then February,
with H' values 2.58, 2.48 and 2.13, respectively (Figs. 5a, b). Alternatively, the lowest val-
ues of H' were achieved in the dry months: July (0.6) and August (0.97) in the year 2006.
During the remaining months, values of H' ranged between 1.09 (September 2006) and
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Fig. 5. Shannon diversity index (H') of flowering phenology of (a) twelve months and (b) pheno-
logical groups in each of two years, 2004 (white column) and 2006 (grey column). Calcula-
tions based on the number of flowering individuals. Vertical bars are the standard deviations.
Phenological groups: A — winter, B — autumn, C — spring, D — summer flowering.
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1.79 (June 2006). The diversity of flowering phenologies was higher in all months through
2004 than 2006, except in June and November.

In a comparison of flowering phenology at the level of phenological groups, the C spe-
cies group, representing spring reproduction, attained the highest H' values through 2004
and 2006 (2.8£0.63 and 2.74%0.72, respectively). The lowest values were attained in group
D (dry season) reproduction through 2004 (1.86+£0.17) and group B (autumn season)
through 2006 (1.58+0.15). Phenological group A (winter flowering species) attained inter-
mediate values through 2004 (1.99+0.22) and 2006 (1.88 £0.16).

Discussion

For plant phenology in desert Wadi ecosystems, plants' responses may involve pheno-
logical niche differentiation in space and time, which explains the phenological diversity in
desert plants. The twenty study species have demonstrated a complex temporal pheno-
logical behaviour. The different plant phenological groups, plus the particular (bimodal)
trend of O. baccatus, represent an array of phenological niche differentiation according to
the time of flowering of most individuals in the different locations of Wadi Degla. The di-
versity of flowering phenology was higher in spring than in summer, suggesting greater
synchrony among the flowering periods of most of the study species in spring. This
phenological niche differentiation around the year is subject to seasonally variable biotic
and abiotic factors and agrees with the observations of OPLER et al. (1980) in tropical for-
ests, and MARQUES et al. (2004) in subtropical forests, who reported on the different
phenological patterns according to plant life forms and rainfall events. Adaptive phenology
is considered an important reproductive strategy in arid deserts, where many plant species
effectively 'escape’ from drought in one way or another (WARD 2009).

Biotic factors potentially driving plant phenology include physiological and morpho-
logical adaptations for the utilization of resources (RATHCKE and LACEY 1985, PAvoN and
BRrIONES 2001), competition for pollinators or pollinator attraction, and competition for
seed dispersers (LoBO et al. 2003), and the avoidance of herbivory (COLEY and BARONE
1996). On the other hand, significant environmental factors such as temporal variations in
rainfall (OPLER et al. 1976), changes in water level sequestered by plants (BORCHERT 1994),
changes in temperature (PFEIFER et al. 2006), photoperiod (RIVERA et al. 2002), irradiance
(HAMANN 2004) and sporadic or 'accidental’ climatic events (KASSAS 1966, SAKAI et al.
1999) have all been reported as key factors affecting the phenological niche differentiation
of populations and communities.

Plant species belonging to different life forms in particular phenological groups exhib-
ited similar phenological niches. This may be attributed to several different factors, includ-
ing their occurrence under the same climatic drivers. Moreover, they exhibited the same
niche independent of particular physiological and morphological adaptations, or phylo-
genetics, e.g., group B which flower in summer-autumn included four species in the
Chenopodiaceae (Ayyap et al. 1985, WRIGHT and CALDERON 1995, MARQUES et al. 2004).
Some other species having the same life forms exhibited different phenological niches.

The populations of female and hermaphrodite Ochradenus baccatus included in group
C took different trends in their phenological niche. This may be due to the complex re-
sponses to the climatic factors, or other factors such as pollinators, or phylogeny. The par-
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ticular phenological niche of O. baccatus includes some individuals flowering over most of
the year, with major peaks in spring and autumn (HEGAZY et al. 2011). This pattern in O.
baccatus was also reported by WOLFE and BURNS (2001) at a wadi located at about 5 km
south of Ein Gedi in Israel. The six species A. alopecuroides, D. tortuosa, D. triradiata, F.
aegyptia, R. raetam and Z. coccineum demonstrated important between-site differences in
their phenology. Moreover, most species included in our study showed significant differ-
ences in the phenological phases between the two years of observation. Such phenotypic
differences in response to environmental cues are an obvious benefit to success in accom-
modating plant species and differentiation of their flowering times in the different sites of
the wadi ecosystem.

As produced from CCA results, more than one factor affected the initiation and duration
of the different phenological events, particularly the flowering phase. ABBAD and BENCH-
AABANE (2004) studied phenology in populations of Atriplex halimus at three locations in
western north-Africa, characterized by different climatic conditions. They concluded that
phenology was significantly influenced by climatic conditions, where high temperature
and rainfall together tended to accelerate formation of flower buds. Phenological events in-
volving reproductive activity in plants are highly affected by temperature and rainfall pat-
terns (JACKSON 1966, INOUYE et al. 2003, Lesica and KiTTELSON 2010). Moreover, plants in
arid ecosystems respond to the availability of water at particular soil depths and tempera-
tures, accumulated by the location over time. Other factors may also be important. For ex-
ample, in the present study, the two dioecious and gynodioecious species, E. aphylla and O.
baccatus were both located on the wind direction gradient, which is considered an impor-
tant factor influencing their phenological niche.

Topographic features in Wadi Degla may also influence the water availability, with
downstream sites receiving more water and developing better soil. The down-stream sites
received actual rainfall amounts up to four times as much as the upstream sites, as ob-
served through the tropical rainfall measuring mission, during the recent ten year period
(TRMM 2007). PENUELAS et al. (2004) examined the effects of experimental, historical and
geographical changes in rainfall and showed highly significant effects on flowering
phenology. Their results showed that changes in rainfall and water availability, as an im-
portant driver of climate change, can cause complex phenological changes. The width of
the wadi bed and its elevation can be considered limiting factors for light incidence, where
photoperiod extends for longer periods in the upstream site (width 220-600 m). Soil type
plays arole in water availability for plants, where the soil was a mixture of sandy and rocky
types in down- and midstream parts but was sandier in the upstream part of a wadi (HASSAN
2002).

GILBERT et al. (1996) studied spatial variation in patterns of selection in a plant-polli-
nator system in four desert wadis in Sinai, Egypt, and demonstrated significant local (up-
stream-downstream) specialization in flowering phenology in Alkanna orientalis. They
concluded that pollinator behavior was probably responsible for the selection gradient in
maternal fitness. Patterns of flowering formed a spectrum, from continuous to very infre-
quent flowering (NEWSTROM et al. 1994). The diversity of flowering phenology of the dif-
ferent plant species fluctuated around the year where these species use resources in differ-
ent periods, which relaxes inter-specific competition among co-existing species. There
were various phenological niches under the same type of climate. Other factors rather than
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climate may be also responsible for the high flowering phenological disparity. Phytogeo-
graphical origin, phylogenetic constraints, structural and architectural traits, and high envi-
ronmental heterogeneity typical of arid ecosystems seem to be the main drivers of the flow-
ering phenological diversity in Wadi Degla.

In conclusion, plant populations in wadi ecosystems, e.g., Wadi Degla, can be classified
with respect to their phenological niche differentiation into an array of patterns: (1) species
flowering/fruiting all the year round with two peaks during spring and autumn, e.g., O.
baccatus; (2) species flowering/fruiting during the winter season including L. shawii and T.
nilotica; (3) species flowering/fruiting during spring, e.g., Z. spinosa, Z. coccineum, C.
spinosa and F. aegyptia; (4) species flowering/fruiting during summer, including 1. mucro-
nata and D. triradiata; and (5) species flowering/fruiting during autumn including A.
halimus, A. articulata, A. setifera and A. alopecuroides. Temperature, rainfall and relative
humidity are the important drivers of phenological niche variations. The weak effect of lo-
cation on phenology and within-species variation between years, indicate that desert plant
phenological niche is principally constrained stronger by phylogenetic character as well as
climatic variability than local selective pressure.
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