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Background and aims — This study describes the dispersal traits of 302 species in five Afro-Arabian
habitats from the hyper-arid hot desert of United Arabian Emirates (UAE).

Methods — Diaspore size (diaspora length) was studied in relation to growth forms, dispersal modes,
presence of structures for long distance dispersal, APG IV groups, phytogeography and dispersal phenology
using ANOVA and Pearson y* test-statistical analyses.

Results — Small diaspores were predominant (six orders of magnitude from 10* to 10%). The major
diaspores were found in Fabids phylogenetic APG IV group (1.80+0.41 cm) mainly trees and the minor
in Commelinids (0.30+0.08 cm). The most dominant dispersal mode was semachory (43.7% of the total
and 67.5% of the herbaceous species), followed by anemo-meteochory (28.8%) and barochory (23.8%).
Semachores/barochores (67.5%) formed the largest groups from the Fabaceae, Poaceae, Boraginaceae,
Brassicaceae and Amaranthaceae families. Savanna trees such as Acacia, Prosopis, Ziziphus sp. and
Indigofera sp. produced large diaspores secondarily dispersed by vertebrates. Anemo-meteochoric species
with small diaspores were predominantly semi-shrubs such as Haloxylon sp. Graminoids such as Stipa
sp. and Stipagrostis sp., without structures for long-distance dispersal had diaspore appendages acted as
“active drills” in soil cracks. Dryness (dry season) favours the efficient dispersion by the wind for the small
shrub species with haired capsule (e.g. Aerva javanica), winged calyx (e.g. Astragalus squarrosus) or
wings (e.g. Tribulus qatarensis). Most of the species studied (64.2%) dispersed in the dry season according
to what was found in other arid region from the world. The longer dispersal phenology corresponded to
Saharo-Arabian and Sudano-Decanian species which is related to the floristic richness of the study area.
Species dispersal throughout the year indicates an important seed resource e.g. barochoric species with
fleshy fruits or pods with nutrient structures (e.g. Senna italica and Indigofera sp.).

Conclusions — In the hyper-arid hot desert of UAE, the dispersal spectra are close to those recorded in other
arid environments but with particularities due to the presence of African floristic elements.
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INTRODUCTION portant ecological trait for seedling establishment, forma-
tion of a persistent seed bank, and dispersal. In addition,

Plant dispersal plays an essential role in the colonization  geed size variation between or within species has important

of new habitats, population dynamics as well as in spe-
cies interactions and community structure and floral diver-
sity (van der Pijl 1969, Howe & Smallwood 1982, Willson
et al. 1990, Hughes et al. 1994, Morales & Carlo 20006).
Plant dispersal mechanisms or dispersal modes (the move-
ment or transport of seeds away from the parent plant) could
also be considered as a key factor in conservation biology
and restoration management (Strykstra et al. 2002, Navarro
et al. 2009a, Jara-Guerrero et al. 2011). Seed size is an im-

ecological and evolutionary significance in plant dispersal
(Westoby et al. 1992). Generally, large seeds increase the
chance of seedling survival and establishment, while small
seeds contribute more to forming seed bank (Thompson et
al. 1993). Likewise, large seed tends to be desiccation-tol-
erant under climate constraints in drylands (Pritchard et al.
2004). Seed size is often associated with growth form (Ma-
zer 1989, Jurado et al. 1991, Lord et al. 1997), and dispersal
mode (Ellner & Shmida 1981, Jurado et al. 1991, Navarro
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et al. 2009a, 2009b). For example, large-seeded species are
more likely to be animal dispersed, while small-seeded spe-
cies are more likely to have unassisted seed dispersal (Leish-
man et al. 1995, Jurado et al. 2001, Navarro et al. 2009a).

The ‘dispersal spectrum’ is the frequency distribution
of dispersal modes in a particular vegetation type (Howe &
Smallwood 1982, Hughes et al. 1994). For several decades,
researchers have been interested in studying of the dispersal
spectra in different ecosystems (van der Pijl 1969, Frankie
et al. 1974, Gentry 1982, Howe & Smallwood 1982, Nava-
rro et al. 2006). In most studies, researchers are interested
in assessing the relationship between the relative presence of
dispersal modes in a particular site and the prevailing envi-
ronmental conditions, such as temperature, precipitation, soil
nutrient status or canopy structure (Willson et al. 1990, Bull-
ock 1995).

Anthropogenic disturbance has negative effects on forests
and the activity of animal dispersers (Daniels et al. 1995).
The dominance of species with structures that facilitate spa-
tial dispersal by abiotic vectors (e.g. wind) tends to increase
with growing disturbances (Ganeshaiah et al. 1998, Nama
& Choudhary 2013). In addition, it has been commonly re-
ported that long-distance seed dispersal is less frequent in
arid and semi-arid habitats than in mesic habitats and traits
constraining seed dispersal are common in arid and semiarid
floras (van der Pijl 1972, Ellner & Shmida 1981, van Rheede
van Oudtshoorn & van Rooyen 1999, Navarro et al. 2009b).
In this way, restrictions to seed dispersal have been widely
used to explain the origin and maintenance of patches in arid
vegetation (Kefi et al. 2008).

Seed size is correlated with flowering time (Mazer 1989,
Navarro et al. 2009b) and consequently, with dispersal phe-
nology (Navarro et al. 2009b). In hyper-arid hot deserts, phe-
nological events are mainly related to the amount and time
of annual rainfall and soil moisture condition (El-Keblawy
et al. 2015a). The earlier flowering allows for a longer de-
velopment time of seeds, which would promote larger seeds
(Mazer 1990). Conversely, the later flowering gives a good
chance for using more resources (moisture conditions) for
seed development, but shorter time available for seed matu-
ration and dispersal (Roux et al. 2006).

To our knowledge, no studies exist that assess dispersal
traits and dispersal phenology in the Arabian desert. This kind
of studies is particularly important for comparative ecologi-
cal studies and for developing scientific conservation initia-
tives (Finckh 2006). We expect that dispersal spectrum could
be similar to those recorded in other arid floras with the par-
ticularity of the presence of Afro-Arabian floristic elements.
We also expect variation of the dispersal traits in the differ-
ent studied habitats. The aims of this study are to examine
the variation of diaspore size (seed and fruit length) among:
(1) growth forms, (1) absence/presence structures facilitating
long distance dispersal (spatial dispersal) (3) dispersal modes
(4) APG IV phylogenetic taxonomic groups (5) phytogeogra-
phy and (6) dispersal phenology in different habitat studied
from the United Arab Emirates.

MATERIAL AND METHODS

Study area

The United Arab Emirates (UAE) are located in the south-
eastern part of the Arabian Peninsula, between latitudes
22°40" and 26°00’ North and longitudes 51°00" and 56°00’
East, covering a total surface of 83600 km?. The UAE has
a hyper-arid hot climate. The annual average temperature is
approximately 27°C and humidity 45%. There are two main
seasons; a rainy season with mild temperatures from Novem-
ber to March, with a mean temperature around 20°C and a
dry hot season from April to October, with a mean tempera-
ture range between 35 and 40°C that can reach 47°C and hu-
midity levels reaching more than 90%. The average amount
of annual rainfall is around 110 mm with extreme variabil-
ity in space and time and most of the rainfall occurring from
January to April when temperatures are lowest (Boer 1997,
UAE Ministry of Energy 2006, 2012, Sherif et al. 2009,
UAE Ministry of Environment and Water 2015).

Our study is focused in inland forest and shrubland veg-
etation. Five different habitats were selected for this study:
salt flats, gravel plains, sand sheets, mountains and high
mountains (Jongbloed 2003, El-Keblawy et al. 2005, Karim
& Fawzi 2007). The sites were selected to cover the main
geomorphologic conditions characterizing the UAE (Boer &
Gliddon 1997, Jongbloed 2003). Salt flats (“sabkha”) sepa-
rate the inland sandy areas and low Arabian Gulf coast. The
salt flats region is dominated by Zygophyllum qatarense
and Salsola imbricata with some frequent species such as
Heliotropium kotschyi, Fagonia ovalifolia, Arthrocnemum
macrostachyum, Suaeda vermiculata, Halopeplis perfoliata
and Anabasis setifera. The gravel plains habitats are char-
acterized by coarse sand and small rocky soils generally are
dominated by Acacia tortilis mixed sometimes with Proso-
pis cineraria, cultivated palms (Phoenix dactylifera) and
Calotropis procera. Most of the land surface of the UAE de-
sert is covered with sand, which consists of a mixture of low
dunes, high dunes and intervening sand flats. Sand sheets are
dominated by Cyperus conglomeratus, Tribulus omanense
and Zygophyllum qatarense. In the central desert, which is
dominated by low sand dunes, the water table is deep and
abounds in Haloxylon salicornicum, graminoids and some
seasonal herbaceous plants such as Stipagrostis plumosa,
Cleome amblyocarpa and Eremobium aegyptiacum. East of
the Dubai region, the sand sheets abound in Leptadenia pyro-
technica, Calligonum comosum and Calotropis procera.

The mountain sites correspond to the Hajar Mountains
series that extend from the UAE to the neighbouring Oman.
Their elevations can reach more than 1000 m a.s.l. The com-
mon shrubby species in the mountains is Euphorbia larica.
In the running wadis, trees such as Prosopis cineraria and
Ficus cordata are dominant. On rocky hillsides (mountain),
Moringa peregrina grows in addition to other graminoids
and annuals (e.g. Cymbopogon commutatus, Launaea spi-
nosa, Filago desertorum and Reichardia tingitana).

The high mountain habitats correspond to the North Moun-
tains and are geologically distinct from the Hajar Mountains.
They are sedimentary rocks, mostly carbonate with a peak at
2000 m a.s.l. Ficus johannis grow in these mountains, while
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the high plateaux are covered with bushes (e.g. Seriphidium
herba-alba). Some annual species, such as Campanula erinus
and Pentanema divaricata grow in silt among the rocks.

Species selection

Field sampling and phenological observations were carried
out monthly between May 2014 and October 2016. The se-
lected species represent a cross-section of the flora of the
arid/hyper-arid hot desert with xeric shrubland vegetation;
importance was given to cover the most common and some
rare species that characterize the vegetation (Jongbloed
2003, El-Keblawy et al. 2005, Karim & Fawzi 2007).

We selected 30 sampling points (quadrates) per studied
habitat which represent a total of 150 quadrates (fig. 1, elec-
tronic appendix 1). The quadrate size was 200 m?, in each
quadrate the species dominance had been previously assessed
with the relative importance values in which the abundance
of the species has been estimated according to the Braun-
Blanquet scale (Braun-Blanquet 1928). We discarded all the
species that were present in less than 10% of all the relevés
available. The selected dominant species probably represent

c. 80% of the total cover in the five studied sites. Voucher
specimens of the most studied species were kept in the Shar-
jah Seed Bank and Herbarium (Sharjah Research Academy).
Botanical nomenclature follows The International Plant
Names Index (IPNI 2016). The family and class affiliation
of each species used APG IV (Angiosperm Phylogeny Group
2016).

Dispersal, phenological and phytogeographical trait
measurements

Seven easily measured dispersal traits were analysed: (1)
dispersal mode which include anemo-meteochory, ombro-
hydrochory, semachory, ballistic and barochory, (2) diaspore
size (diaspora length), (3) dispersal unit (fruit or seed) (3)
presence of structures facilitating long-distance dispersal (4)
diaspore appendages (5) diaspore colour, and (6) dispersal
phenology (electronic appendix 2).

Among dispersal traits, the dispersal mode and diaspore
size (diaspora length) constitute the main regenerative traits
according to Cornelissen et al. (2003) and Pérez-Harguinde-
guy et al. (2013). Dispersal modes follow van der Pijl (1982).

High Mountains
Mountains
Gravel Plains
Sand Sheets

Salt Flats
1840 m

_-1m

b

Figure 1 — [llustration map for the 150 sampled quadrates in the study area from the hyper-arid hot desert of United Arab Emirates.
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Whenever a diaspore lent itself to more than one type of dis-
persal mode, the predominant form observed in more than
80% of sampling quadrates was generally used.

To measure diaspore size (diaspore length), diaspores
were collected when ripe but before they started to fall off
the plant. For each individual species, 100 diaspores were
air-dried and their mean size was measured as the longest di-
mension (Cornelissen et al. 2003, Pérez-Harguindeguy et al.
2013). The achenes of Asteraceae were measured with the
pappus. Exceptionally, when they were not available in the
necessary quantities, the data were completed based on Flora
databases (e.g. Flora of Pakistan 2016, http://www.tropicos.
org/Project/Pakistan) and references (Miller & Cope 1996,
Jongbloed 2003, Boulos 2009).

The term diaspore was used to name the dispersal unit
(Weiher et al. 1999). We scored whether species had dia-
spores equipped with structures that facilitate spatial dis-
persal, such as pappi, barbs or wings for dispersal by abi-
otic vectors (e.g. wind) or fleshy fruits to dispersal by biotic
vectors (e.g. vertebrates) (Ellner & Shmida 1981, Venable &
Levin 1985, Cain et al. 2000). Species were considered as
having restricted dispersal if diaspores lacked such dispersal-
enhancing characters (Willson 1993). Anemo-meteochoric
species have structures facilitating long-distance dispersal
by abiotic vectors (e.g. wind); barochory species have fleshy
fruits or pods with nutrients structures facilitating long-dis-
tance dispersal by biotic vectors (e.g. vertebrates); ombro-
hydrochory, semachory and ballistic species lack structures
facilitating long-distance dispersal. Diaspore appendage
type were determined following Thomson et al. (2018) and
based on the field observations. The colour categories follow
(Wheelwright & Janson 1985); black (including dark red),
red (including pink), yellow, orange, brown, grey, green,
white and blue (including purple).

To establish dispersal phenology (rainy or dry season),
phenological surveys were performed for at least 2.5 years.
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Figure 2 — Frequency of seed length (Ln) of studied species in the
hyper-arid hot desert of United Arab Emirates.

In each year, the units of vegetation from each site were ob-
served 10-12 times at approximately 30—45-day intervals.
The onset of dispersal (the beginning of dispersal time) was
described (electronic appendix 2).

Species were classified in ten growth forms following
Cornelissen et al. (2003) and Pérez-Harguindeguy et al.
(2013) (electronic appendix 2).

Species were classified on the basis of their biogeographi-
cal distribution in desert regions of the world (Good 1964,
Evenary et al. 1985). The major phytogeographical regions
were: the central Australian region, the western and central
Asian region (Irano-Turanian region, Eig 1931, 1932, Zohary
1973) and the African-Indian region (Saharo-Sindian region,
Eig 1931, 1932), where our study area is located. Follow-
ing these authors nine phytogeographical regions were rec-
ognized in order to establish relationships between dispersal
traits and species biogeography. Species, family, habitats,
dispersal traits, phytogeography and dispersal phenology of
the studied species are presented in the electronic appendix 2.

Statistical analyses

One-way analysis of variance (ANOVA), followed by the
post hoc comparisons (Tukey HSD test), was used to test
the significance of differences (p < 0.01) of log diaspore size
among APG IV groups and dispersal traits. Categories with
less than seven species were excluded from the analyses.
The association between nominal traits was determined with
the Pearson y? test-statistic. All statistical analyses were per-
formed with SPSS 14 and SYSTAT 13.

RESULTS

A total of 302 species, belonging to 51 families and 192 gen-
era, were studied (electronic appendix 2). Fabaceae (12.6%
of total species), Asteraceae (9.9% of total species), Poaceae
(9.6% of total species) and Amaranthaceae (7.6% of total
species) were the richest families. Fabaceae species were re-
corded in all habitats. Asteraceae were absent in salt flats and
Poaceae and Amaranthaceae were absent from high moun-
tains.

Eight phylogenetic APG IV groups were represented: Fa-
bids (67 species, 22.2%), Basal Asterids (20.5%), Lamiids
(17.5%), Malvids (14.6%), Commelinids (11.6%), Campan-
ulids (11.3%), Monocots (1.7%) and Basal Rosids (0.7%). 82
species (27.2%) were exclusively Saharo-Arabian (SA) and
Sudano-Deccanian (SD) species and were present in all habi-
tats (electronic appendix 2).

A percentage of 53.6% of the studied species were woody
species, 34.8% herbaceous and 11.6% graminoids species.
The dominant growth form was dwarf shrubs (41.1%) fol-
lowed by semi-basal herbs (21.9%) and tussocks (11.6%).
The dispersal phenology of studied species was in the dry
season (from April to October, 63.9% of total species) fol-
lowed by the rainy season (from November to March, 32.1%
of total species), and throughout the year (4% of total spe-
cies) (electronic appendix 2).

The range of diaspore size (diaspore length) spanned six
orders of magnitude from 10 to 10> (fig. 2). The diaspore
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Figure 3 — Frequency distribution of dispersal modes among species in the five studied habitats from the hyper-arid hot desert of United
Arab Emirates.
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Figure 4 — Diaspore length variation among A, APG IV phylogenetic taxonomic groups and B, growth forms of studied species from the
hyper-arid hot desert of United Arab Emirates. (Cornelissen et al. 2003 and Pérez-Harguindeguy et al. 2013).
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Table 1 — Mean and standard error (SE) of nine traits studied in the 302 plant species from the hyper-arid hot desert of United Arab

Emirates.

Nine traits are: APG 1V, growth forms, absence/presence structures facilitating long distance dispersal, dispersal mode, absence/presence of
appendage type, diaspore colour, phytogeographical regions, habitats, dispersal phenology.

Trait Category Mean+SE Trait Category Mean+SE
Basal Asterids 0.4240.06 Black 0.20+0.02
Campanulids 0.55+0.05 Brown 0.80+0.09
APG IV Commelinids 0.30+0.08 Diaspore Green 0.67+0.09
Fabids 1.80+0.41 colour Red 0.65+0.12
Lamiids 0.45+0.07 White 0.73+0.21
Malvids 0.87+0.20 Yellow 2.74+1.34
Dwarf shrubs 0.74+0.07 Cosm 0.40+0.17
Semi-basal 0.41£0.10 SA 0.35+0.06
Short basal (prostrate) 0.77+0.20 SA,IT 0.67+0.09
Growth forms Trees 3.85£1.76 Phytogeo- SA, IT, Med 0.43+0.07
Shrubs 1.40+£0.43 | graphical SA, IT, SD, Med 0.68+0.14
regions
Short basal 0.47+0.06 SA, Med 0.51+0.08
Tussocks 0.30+0.08 SA, SD 1.24+0.27
Absence (restricted dispersal)  0.47+0.06 SA, SD, IT 1.27+0.71
Absence/presence g Lbv sbiot
structures Presence (dispersal by abiotic  ¢¢.4 o7 SA, SD, Med 0.65+0.22
facilitating long vectors) o
distance dispersal  Presence (dispersal by biotic ) 5, 7 Mountains 0.64+0.08
vectors)
Semachory 0.37+0.04 Gravel Plains 0.86+0.17
Dispersal mode Anemo-meteochory 0.69+0.07  |Habitats Sand Sheets 0.96+0.17
Barochory 1.77+0.39 Salt Flats 0.83+0.39
Absence 0.85+0.15 High Mountains 0.65+0.10
Absence/presence of Pappus 0.57+0.05 Dry 0.78+0.12
appendage type Spine 0.60:0.09 | Dispersal Rainy 0.61+0.09
phenology
Wings 0.68+0.08 All the year 2.34+1.58

size ranged from 0.02 cm in Sporobolus spicatus (Poaceae)
to 19.5 cm in Prosopis juliflora (Fabaceae).

Dispersal spectrum

Fruits (69.7%) were the dominant dispersal unit. Species

lacking structures for long-distance dispersal (restricted dis-
persal) were more represented (58.6%), compared to species
with developed structures for dispersal by abiotic vectors
(29.1%) or by biotic vectors (12.3%). The main dispersal
mode was semachory (43.7%), followed by anemo-meteo-
chory (28.8%), and barochory (23.8%).

Semachory was predominant in all studied habitats fol-
lowed by anemo-meteochory and semachory, respectively
(fig. 3). Ballistic species were absent in salt flats, ombro-
hydrochorics were absent in high mountains and zoochoric

species were represented only in mountains, sand sheets and
gravel plains.

The predominant diaspore colour was brown (51.0%),
followed by black (17.5%), green (11.9%), white (7.6%),
yellow (6.3%), and reddish (4%).

A total of 60% of studied species lacked diaspore append-
ages. 48% of anemo-meteochoric species had winged ap-
pendages and 46.6% of them pappus. The anemo-meteochor-
ic species with wings were dominant in sand sheets (33.3%)
while species with pappus were dominant in gravel plains,
mountains and sand sheets (27.6% in each habitat).

Variation of diaspore size (diaspore length) among
APG IV groups and dispersal traits

The diaspore length differed significantly among the dif-
ferent APG IV phylogenetic taxonomic groups (F (5, 289)
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= 17.052; p < 0.001). The post hoc comparisons (Tukey
HSD test) shows that the mean of diaspore length of Fa-
bids (1.80+0.41 cm) was significantly longer than Malvids
(0.87+£0.20 cm), Campanulids (0.55+0.05 cm), Lamiids
(0.45+0.07 cm), Basal Asterids (0.42+0.06 cm) and Com-
melinids (0.30+0.08 cm). Fabids and Malvids had the largest
diaspores (e.g. Prosopis juliflora, 19.5 cm and Cleome am-
blyocarpa, 6.0 cm,), while Commelinids had the smallest di-
aspores (e.g. Sporobolus spicatus, 0.02 cm) (fig. 4A, table 1).

Diaspore length differed significantly among growth
forms (F (6, 289) = 13.012; p < 0.001). The post hoc com-
parisons (Tukey HSD test) shows that the mean of diaspore
length of tussocks (0.30+0.08 cm) was it was significantly
lower that dwarf shrubs (0.74+0.07 cm), short basal (pros-
trate) (0.77+0.20 cm), shrubs (1.40+0.43 cm) and trees
(3.85%1.76 cm). This means, trees had the largest diaspore
size (e.g. Prosopis juliflora, 19.5 cm), while tussocks had
the smallest sizes (e.g. Sporobolus spicatus, 0.02 cm and
Cenchrus ciliaris, 0.03 cm) (fig. 4B, table 1).
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Diaspore length differed significantly among the different
dispersal mode (F (2, 288) =39.720; p <0.001). The post hoc
comparisons (Tukey HSD test) shows that the mean of dia-
spore length of semachoric species (0.37+0.04 cm) was sig-
nificantly lower that the anemo-meteochoric (0.69+0.07 cm)
and barochoric species (1.77+0.39 cm). Barochoric species
(e.g. Prosopis cineraria, 18.8 cm) were the largest, while
semachoric species (e.g. Tillaea alata, 0.027 cm) were the
smallest (fig. SA, table 1).

Diaspore length differed significantly according to the
presence/absence of developed structures for long-distance
dispersal (F (2, 299) = 42.590; p < 0.001). The post hoc
comparisons (Tukey HSD test) shows that the mean of dia-
spore length of species dispersed by developed biotic vec-
tors (2.52+0.71 cm) was significantly longer from the species
dispersed by developed abiotic vectors (0.68+0.07 cm) and
species with restricted spatial dispersal (0.47+0.06 cm). Spe-
cies dispersed by biotic vectors (e.g. Prosopis cineraria, 18.8
cm and Calligonum comosum, 1.2 cm) had the larger dia-
spore size than those dispersed by abiotic vectors and species
who lack structures facilitating long-distance dispersal (e.g.
Reseda aucheri, 0.08 cm, fig. 5B, table 1).

Diaspore length differed significantly according absence
or presence or appendages (F (3, 271) = 2.956; p < 0.05).
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Figure 6 — Diaspore length variation among phytogeographical
regions of studied species from the hyper-arid hot desert of United
Arab Emirates. Phytogeographical regions: AU, Australian; Cosm,
Cosmopolitan; IT, Irano-Turanian; Med, Mediterranean. NAM,
North American; SAF, Southern African; SAM, South American;
SA, Saharo-Arabian; SD, Sudano-Deccanian.

Species lacking appendages facilitating long-distance disper-
sal have longer diaspores (fig. 5C, table 1).

Diaspore length differed significantly according to dia-
spore colour F (5, 289) = 9.408; p < 0.001). The post hoc
comparisons (Tukey HSD test) shows that the mean diaspore
length of black diaspores (0.20+£0.02 c¢cm) was significantly
lower than the red (0.65+£0.12 cm), green (0.67+£0.09 cm),
white (0.73+0.21 cm), brown (0.80+0.09 cm) and yellow
diaspores (2.74+1.34 cm). Species with green and yellow
diaspores (e.g. Prosopis juliflora, 19.5 cm and Rhynchosia
schimperi, 2.1 cm, respectively) were the largest, while black
diaspores (e.g. Polycarpaea repens, 0.03 cm) were the small-
est (fig. 5D, table 1).

Diaspore length differed significantly among the different
phytogeographical regions (F (8, 293) = 3.672; p < 0.001).
The post hoc comparison (Tukey HSD test) shows that the
mean of diaspore length of species belongs to Saharo-Ara-
bian and a Sudano-Deccanian region (1.24+0.27 cm) was
significantly bigger than to Cosmopolitan (0.40+0.17 cm)
and Saharo-Arabian species (0.354+0.06 cm). Saharo-Arabian
and Sudano-Deccanian species (e.g. Acacia ehrenbergiana,
8.5 cm) had the largest seeds, while Saharo-Arabian and
Cosmopolitan species had the smallest (e.g. Limeum indi-
cum, 0.02 cm, fig. 6, table 1).

No significant difference was observed in diaspore length
among habitat types (F (4, 527) = 0.581; p <0.676) or among
dispersal phenology (F (2, 299) = 1.233; p <0.293).

Relationships between dispersal modes, APG IV
phylogenetic groups, growth forms and dispersal
phenology

There were significant relationships between APG IV phylo-
genetic taxonomic groups and dispersal modes (y>= 119.354;
df = 10; p <0.001, fig. 7A). Barochory was more common
in Fabids and absent in Campanulids (fig. 7A). In addition,
anemo-meteochory was over-represented in Basal Asterids
and Campanulids (fig. 7A). Semachory was predominant in
Lamiids, Commelinids and Malvids (fig. 7A).

Significant relationships were detected between disper-
sal modes and growth forms (y*= 79.427; df =12; p < 0.001,
fig. 7B). Semachory was more represented in herbaceous
species, such as semi-basal, prostrate herbs and tussock
graminoids. Barochory was predominant in trees and shrubs
(fig. 7B). Anemo-meteochory was over-represented only in
dwarf shrubs (fig. 7B).

Significant relationships were detected between disper-
sal modes and dispersal phenology (y>= 15.506; df =4; p <
0.01). Dispersal was concentrated in dry season (fig. 8, elec-
tronic appendix 2).

Relationships between presence/absence of developed
structures facilitating long-distance dispersal, APG IV
phylogenetic groups, growth forms, phytogeography and
dispersal phenology

There were significant relationships between APG IV phy-
logenetic taxonomic groups and the presence/absence of de-
veloped structures for long-distance dispersal (y*>= 119.99;
df = 10; p < 0.001, fig. 9A). Absence of structures for long-
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distance dispersal was the most common in all phylogenetic
taxonomic groups except for Campanulids, in which devel-
oped structures for dispersal by abiotic vectors was over-rep-
resented (fig. 9A). Developed dispersal by biotic vectors was
present only in Lamids, Malvids and Fabids (fig. 9A).

Significant relationships were detected between the pres-
ence/absence of developed structures for long-distance dis-
persal and growth forms (¥*= 92.054; df = 12; p < 0.001,
fig. 9B). Absence of structures for long-distance dispersal
was overrepresented in herbaceous species and dwarf shrubs
(fig. 9B). Presence of structures for long-distance dispersal
by biotic vectors was mainly prevalent in trees (fig. 9B),
while presence of structures for long-distance dispersal by
abiotic vectors was over represented only in shrubs (fig. 9B).
Significant relationships were detected between the presence/
absence of developed structures for long-distance dispersal
and species phytogeographical distribution ()>= 48.268; df =
16; p <0.001, fig. 10). Developed structures for dispersal by
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biotic vectors were mainly associated with Sudano-Decanian
species (fig. 10), which are species forming part of African
vegetation in the study area. Saharo-Arabian species were
exclusively restricted dispersal and they were dominant spe-
cies in all regions except in the Saharo-Arabian and Irano-
Turanian region.

Significant relationships were detected between the
presence/absence of developed structures for long-distance
dispersal and dispersal phenology (y*>= 15.644; df = 4; p <
0.004). A total of 63.6% of the species with developed struc-
tures for long-distance dispersal dispersed in the dry season
from May to October (fig. 11).

DISCUSSION

The range of seed size variation in the studied species in
the hot UAE deserts coincides with that found in other arid
and semi-arid ecosystems (Jurado et al. 1991, 2001, Leish-
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Figure 7 — Frequency distribution of dispersal modes among APG IV phylogenetic groups and growth forms of studied species from the

hyper-arid hot desert of United Arab Emirates.
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Figure 8 — Frequency distribution of dispersal modes among dispersal phenology of studied species from the hyper-arid hot desert of United
Arab Emirates.
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Figure 9 — Frequency distribution of absence/presence structures facilitating long distance dispersal among APG IV phylogenetic groups and
growth forms of studied species from the hyper-arid hot desert of United Arab Emirates.
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man et al. 2000, Navarro et al. 2006, 2009a). However, in
the UAE deserts, there were no very small (log, 10*) or very
large diaspores (log, 10?). Harel et al. (2011) reported that
seed size significantly decreased with increasing aridity and
rainfall variability in seven out of fifteen sites in the hot Ne-
gev Desert. Our results are in agreement with previous stud-
ies that indicate that the largest diaspores were represented
in the Fabaceae family while the smallest diaspores were
found in Poaceae (Mazer 1989, Liu et al. 2014). The advan-
tage of small seeds is a lower risk of being eaten by predators
(Hulme 1994, van Rheede van Oudtshoorn & van Rooyen
1999); their small size enables them to fall into soil cracks
and consequently avoid detection by predators (Gutterman
2002). This indicates that small seeds could form a long-
lived seed bank in the desert, which ensures species survival
under the heterogeneous and unpredictable desert conditions.
However, the small reserves in the small seeds would not
help them to emerge from deep soil unless some kind of dis-
turbance happens (El-Keblawy et al. 2015b, El-Keblawy &
Gairola 2017, El-Keblawy 2017). On the other hand, small
seeds tend to be dessication-sensitive seeds that germinate
rapidly because delayed germination can induce seed death
(Pritchard et al. 2004), as is the case of the ombro-hydro-
choric species.

The seed dispersal spectrum of the studied hyper-arid
hot desert in the UAE was characterized by the dominance
of semachory (43.7%), followed by anemo-meteochory
(28.8%) and barochory (23.8%). Nevertheless, semachory/
barochory is the largest group (67.5%). Other species in the
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Amaranthaceae, Zygophyllaceae, Brassicacae and Poaceae
families are semachores, just like other species in the Fabace-
ae and Zygophyllacae families are barochores with larger
seeds that can take full advantage of the favorable surround-
ing conditions and germinate fast and to high levels (Liu et
al. 2014). About 68.5% of the semachoric species were her-
baceous, which is consistent with other desert ecosystems
(van Rheede van Oudtshoorn & van Rooyen 1999). Zoo-
chory has been described as the most dominant mechanism
(more than 80%) in humid and dry tropical forests (Fleming
1979, Gentry 1982), but its presence decreases in ecosystems
with dryer climates (Gentry 1982). In temperate areas, baro-
choric species are significantly more frequent than anemo-
meteochoric and zoochoric species (Leishman et al. 1995,
Wang et al. 2009). However, semachoric species lacking
long-dispersal structures, are more frequent in our study area
helping the seeds to stay near the mother plants, which could
be considered as “safe sites” for seedling establishment (van
Rheede van Oudtshoorn & van Rooyen 1999, Rodriguez et
al. 2017). Only three of the studied species were zoochoric
(the epizoochoric Tragus racemosus and Medicago sp.). The
low frequency of epizoochory could reflect the low presence
of mammals in the harsh desert conditions.

Several studies have reported a relationship between
dispersal syndromes and plant growth form (van der Pijl
1969, Frantzen & Bouman 1989, Willson et al. 1990, Griz
& Machado 2001, Navarro et al. 2009a, 2009b). Anemo-me-
teochory was predominant in dwarf shrubs and shrubs in the
tropical dry forest (Griz & Machado 2001) and in the Medi-
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Phytogeographical regions

Figure 10 — Frequency distribution of absence/presence structures facilitating long distance dispersal among phytogeographical regions of
studied species from the hyper-arid hot desert of United Arab Emirates. Phytogeographical regions: AU, Australian; Cosm, Cosmopolitan;
IT, Irano-Turanian; Med, Mediterranean. NAM, North American; SAF, Southern African; SAM, South American; SA, Saharo-Arabian; SD,

Sudano-Deccanian.
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terranean dry shrublands (Navarro et al. 2009a). In our study,
trees and large shrubs are barochoric species produce large
fleshy fruits or pods with nutritive structures (e.g. Acacia sp.,
Indigofera sp., Prosopis sp. and Ziziphus sp.) dispersed sec-
ondarily by vertebrates (Jurado et al. 1991, 2001, Leishman
& Westoby 1994). Westoby et al. (1992) have proposed that
diaspore size tends to be associated with plant size and the
longevity of trees and large shrubs of unfavorable habitats
(Puigdefabregas & Pugnaire 1999) with desiccation-tolerant
seeds (Pritchard et al. 2004).

In the desert region, restricted spatial dispersal is more
dominant than developed spatial dispersal and was more rep-
resented in herbaceous and graminoids than woody species
(Ellner & Shmida 1981). These species can survive in situ,
with regeneration and plant recovery in extreme and hard cli-
matic conditions (Gutterman & Shem-Tov 1997, van Rheede
van Oudtshoorn & van Rooyen 1999). The graminoids liv-
ing preferably in the gravel plains and mountains having
appendages which enable them to be effectively dispersed
by the wind, pass through the cracks of the biological soil
crusts, and settle down, such as Stipa sp., Stipagrostis sp. and
Aristida sp., which could take a special way named “active
drill” into soil cracks using mucrons (Schoéning et al. 2004,
Garcia-Fayos et al. 2013). Brassicaceae, Lamiaceae and
Scrophulariaceae herbaceous species are mainly restricted
spatial-dispersal species with relatively small seeds, as found
in other arid regions (Navarro et al. 2009a, 2009b). Efficient
spatial dispersal is associated with the presence of morpho-
logical structures favors dispersal long-distance by the wind
such as hairy capsules (e.g. derva javanica), winged calyx
(e.g. Astragalus squarrosus), wings (e.g. Tribulus sp.) or
pappus in the Asteraceae species.

Dispersal mechanisms can be associated with climat-
ic factors (Gentry 1982, Wikander 1984, Griz & Machado
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2001, Navarro et al. 2009a, Jara-Guerrero et al. 2011), and
most probably with the temporal patterns of water availabil-
ity. These factors have the largest impact on plant propaga-
tion in hyper-arid hot desert as in other hot dry regions (Griz
& Machado 2001). In the savannas of West Africa, strong
relationships were found between fruiting and soil moisture,
which may reflect a selection of dispersal periods that maxi-
mizes seed dispersion and germination (Seghieri et al. 2009).
In our study, 25.1% of species disperse in the rainy seasons
and they are mainly Sudano-Decanian barochoric species
(Afro-Arabian species) (electronic appendix 2), which form
part of the savanna vegetation.

The results of our study showed that species dispersed
by abiotic vectors (wind) have a dispersal peak in synchro-
nization with the dry season, as found in other regions with
climatic restrictions, such as Mediterrancan (Navarro et al.
2009a, 2009b), desert (van Rooyen et al. 1990) and dry tropi-
cal regions (Machado et al. 1997, Griz & Machado 2001).

Continuous patterns of dispersal throughout the year
were observed in some of the studied species. This indi-
cates an important seed supply to occur in the ecosystems
that are characterized by seasonal variation and where a rain-
fall could be expected at any time of the year (Machado et
al. 1997). These species correspond to barochoric species
with large fleshy fruits (e.g. Ziziphus sp., Solanum sp.) or
pods with nutrient structures (e.g. Senna italica, Indigofera
sp., Tephrasia sp.). Interestingly, species that can disperse
throughout the year have lower dormancy and are able to
germinate at a wider range of environmental conditions; con-
sequently, they can contribute to seedling recruitment at any
time of the year (El-Keblawy 2017).

To conclude, the observed patterns suggest that the seed
dispersal spectrum of the hyper arid hot desert of UAE fol-
lows the general patterns of arid and desert ecosystems with
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Figure 11 — Frequency distribution of absence/presence structures facilitating long distance dispersal among dispersal phenology of studied

species from the hyper-arid hot desert of United Arab Emirates.
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some particularities due to the UAE floristic richness ex-
plained by the presence of African floristic elements. Seed/
fruit availability is limited by fruiting seasonality in altered
habitats. In general, diaspore characteristics were closely re-
lated to phylogeny, dispersal modes and growth forms and
these characteristics allowed the plants to adapt to extreme
hot desert environments.

SUPPLEMENTARY DATA

Supplementary data are available in pdf at Plant Ecology and
Evolution, Supplementary Data Site (https://www.ingenta-
connect.com/content/botbel/plecevo/supp-data) and consist
of: (1) list of the habitats studied including the geographical
references for the 150 sampled quadrates from the hyper-arid
hot desert of the United Arab Emirates; and (2) the species,
family, habitats, APG IV phylogenetic group, growth forms,
phytogeography and dispersal traits of 302 species from hy-
per-arid hot desert of the United Arab Emirates.

ACKNOWLEDGMENTS

The authors thank the Sharjah Research Academy (Sharjah,
UAE) and Prof. Amr Abdel Hameed (Director) for the offi-
cial support for this study. Thanks to Mr. Tamer Mahmoud,
who helped in the preparing the maps. Thanks to Dr. Sanjay
Gariola, Mohamed Hassan, Mohamed Fiaz and especially to
Ghada Saker for their support. The authors thank Prof. Mar-
cos Méndez (Universidad Rey Juan Carlos, Spain) and an
anonymous reviewer for their valuable contributions in re-
vising the manuscript.

REFERENCES

Angiosperm Phylogeny Group (2016) An update of the Angiosperm
Phylogeny Group classification for the orders and families of
flowering plants: APG IV. Botanical Journal of the Linnean So-
ciety 181: 1-20. https://doi.org/10.1111/b0j.12385

Boer B.B. (1997) An introduction to the climate of the United Arab
Emirates. Journal of Arid Environments 35: 3—16. https://doi.
org/10.1006/jare.1996.0162

Boer B.B., Gliddon D. (1997) The geography and landforms of Abu
Dhabi. ERWDA Internal Research Report No.4, Abu Dhabi,
Environmental Research and Wildlife Development Agency 28.

Braun-Blanquet J. (1928) Vocabulaire de sociologie végétale. 3rd
Ed. Montpellier, Roumégous et Déhan.

Boulos L. (2009) Flora of Egypt Checklist. Cairo, Al-Hadra Pub-
lishing.

Bullock S.H. (1995) Plant reproduction in Neotropical dry forests.
In: Bullock S.H., Mooney H.A., Medina E. (eds) Seasonally dry
tropical forests: 277-297. Cambridge, Cambridge University
Press. https://doi.org/10.1017/CB09780511753398.011

Cain M.L., Milligan B.G., Strand A.E. (2000) Long-distance seed
dispersal in plant populations. American Journal of Botany 87:
1217-1227. https://doi.org/10.2307/2656714

Cornelissen J.H.C., Lavorel S., Garnier E., Diaz S., Buchmann N.,
Gurvich D.E., Reich P.B., ter Steege H., Morgan H.D., van der
Heijden M.G.A., Pausas J.G., Poorter H. (2003) A handbook
of protocols for standardised and easy measurement of plant
functional traits worldwide. Australian Journal of Botany 51:
335-380. https://doi.org/10.1071/BT02124

206

Daniels R.J.R., Gadgil M., Joshi N.V. (1995) Impact of human ex-
traction of tropical humid forests in the Western Ghats in Uttara
Kannada, South India. Journal of Applied Ecology 32: 866—
874. https://doi.org/10.2307/2404826

Eig A. (1931) Les éléments et les groupes phytogéographiques aux-
iliaires dans la flore palestinienne. 1. Texte. Repertorium spe-
cierum novarum regni vegetabilis Beihefte 63: 1-201.

Eig A. (1932) Les ¢léments et les groupes phytogéographiques
auxiliaires dans la flore palestinienne. II. Tableaux analytiques.
Repertorium specierum novarum regni vegetabilis Beihefte 63:
1-120.

El-Keblawy A., Hedhani E.M., Ghaili N.A., Al Hammadi H.A.
(2005) Using an electronic database for evaluation of plant di-
versity in the UAE. In: Proceedings of the 6th annual confer-
ence for research funded by UAE University, Al-Ain, United
Arab Emirates, April 24-26th 2005: 72-79.

El-Keblawy A., Abdelfattah M.A., Khedr A.H.A. (2015a) Relation-
ships between landforms, soil characteristics and dominant xe-
rophytes in the hyper-arid northern United Arab Emirates. Jour-
nal of Arid Environments 117: 28-36. https://doi.org/10.1016/j.
jaridenv.2015.02.008

El-Keblawy A., Bhatt A., Gairola S. (2015b) Storage on maternal
plants affects light and temperature requirements during germi-
nation in two small seeded halophytes in the Arabian deserts.
Pakistan Journal of Botany 47: 1701-1708.

El-Keblawy A. (2017) Light and temperature requirements during
germination of potential perennial grasses for rehabilitation of
degraded sandy Arabian deserts. Land Degradation & Develop-
ment 28: 1687-1695. https://doi.org/10.1002/1dr.2700

El-Keblawy A., Gairola S. (2017) Dormancy regulating chemicals
alleviate innate seed dormancy and promote germination of de-
sert annuals. Journal of Plant Growth Regulation 36: 300-311.
https://doi.org/10.1007/s00344-016-9640-z

Ellner S., Shmida A. (1981) Why are adaptations for long-range
seed dispersal rare in 9 desert plants? Oecologia 51: 133—-144.
https://doi.org/10.1007/BF00344663

Evenari M.L., Noy-Meir 1., Goodall D.W. (1985) Hot deserts and
arid shrublands. New York, Elsevier.

Finckh M. (2006) Klima- und Landnutzungs-getriebene Dynamik
von Vegetationsmustern in Siidmarokko. Berichte der Rein-
hold-Tiixen-Gesellschaft 18: 83-99.

Fleming T.H. (1979) Do tropical frugivores compete for food?
American Zoologist 19: 1157-1172. https://doi.org/10.1093/
icb/19.4.1157

Flora of Pakistan (2016) Flora of Pakistan [online]. Available from
http://www.tropicos.org/Project/Pakistan [accessed 26 Jul.
2016].

Frankie G.W., Baker H.G., Opler P.A. (1974) Comparative pheno-
logical studies of trees in tropical wet and dry forests in the low-
lands of Costa Rica. Journal of Ecology 62: 881-919. https://
doi.org/10.2307/2258961

Frantzen N.M.L.H.F., Bouman F. (1989) Dispersal and growth
form patterns of some zonal paramo vegetation types.
Acta Botanica Neerlandica 38: 449-465. https://doi.
org/10.1111/j.1438-8677.1989.tb01376.x

Ganeshaiah K.N., Shaanker R.U., Murali K.S., Shankar U., Bawa
K.S. (1998) Extraction of non-timber forest products in the
forests of Biligiri Rangan Hills, India. 5. Influence of dispersal
mode on species response to anthropogenic pressures. Econom-
ic Botany 52: 316-319. https://doi.org/10.1007/BF02862150

Garcia-Fayos P., Engelbrecht M., Bochet E. (2013) Post-dispersal
seed anchorage to soil in semiarid plant communities, a test of


https://www.ingentaconnect.com/content/botbel/plecevo/supp-data
https://www.ingentaconnect.com/content/botbel/plecevo/supp-data
https://doi.org/10.1111/boj.12385
https://doi.org/10.1006/jare.1996.0162
https://doi.org/10.1006/jare.1996.0162
https://doi.org/10.1017/CBO9780511753398.011
https://doi.org/10.2307/2656714
https://doi.org/10.1071/BT02124
https://doi.org/10.2307/2404826
https://doi.org/10.1016/j.jaridenv.2015.02.008
https://doi.org/10.1016/j.jaridenv.2015.02.008
https://doi.org/10.1002/ldr.2700
https://doi.org/10.1007/s00344-016-9640-z
https://doi.org/10.1007/BF00344663
https://doi.org/10.1093/icb/19.4.1157
https://doi.org/10.1093/icb/19.4.1157
http://www.tropicos.org/Project/Pakistan
https://doi.org/10.2307/2258961
https://doi.org/10.2307/2258961
https://doi.org/10.1111/j.1438-8677.1989.tb01376.x
https://doi.org/10.1111/j.1438-8677.1989.tb01376.x
https://doi.org/10.1007/BF02862150

Shabana, Navarro & El-Keblawy, Dispersal in hyper-arid hot desert

the hypothesis of Ellner and Shmida. Plant Ecology 214: 941—
952. https://doi.org/10.1007/s11258-013-0220-z

Gentry A.H. (1982) Patterns of neotropical plant species diver-
sity. In: Hecht M.K., Wallace B., Prance G.T. (eds) Evolu-
tionary Biology, vol. 15: 1-84. Boston, Springer. https://doi.
org/10.1007/978-1-4615-6968-8 1

Good R. (1964) The geography of the flowering plants. 3rd Ed.
London, Longmans Green & Co. Ltd.

Griz L.M.S., Machado I.C.S. (2001) Fruiting phenology and seed
dispersal syndromes in caatinga, a tropical dry forest in north-
east of Brazil. Journal of Tropical Ecology 17: 303-321. https://
doi.org/10.1017/S0266467401001201

Gutterman Y., Shem-Tov S. (1997) Mucilaginous seed coat struc-
ture of Carrichtera annua and Anastatica hierochuntica from the
Negev Desert highlands of Israel, and its adhesion to the soil
crust. Journal of Arid Environments 35: 695-705. https://doi.
org/10.1006/jare.1996.0192

Gutterman Y. (2002) Survival strategies of annual desert plants. Ad-
aptations of desert organisms. Berlin & Heidelberg, Springer.
https://doi.org/10.1007/978-3-642-55974-7

Harel D., Holzapfel C., Sternberg M. (2011) Seed mass and dor-
mancy of annual plant populations and communities decreases
with aridity and rainfall predictability. Basic and Applied Ecol-
ogy 12: 674—684. https://doi.org/10.1016/j.baae.2011.09.003

Howe H.F., Smallwood J. (1982) Ecology of seed dispersal. Annual
Review of Ecology and Systematics 13: 201-228. https://doi.
org/10.1146/annurev.es.13.110182.001221

Hughes L., Dunlop M., French K., Leishman M., Rice B., Rodger-
son L., Westoby M. (1994) Predicting dispersal spectra: a mini-
mal set of hypotheses based on plant attributes. Journal of Ecol-
ogy 82: 933-950. https://doi.org/10.2307/2261456

Hulme P.E. (1994) Post-dispersal seed predation in grassland: its
magnitude and sources of variation. Journal of Ecology 82:
645-652. https://doi.org/10.2307/2261271

IPNI (2016) International Plant Names Index. Available from http://
www.ipni.org [accessed 26 Jul. 2016].

Jara-Guerrero A., De la Cruz M., Méndez M. (2011) Seed disper-
sal spectrum of woody species in south Ecuadorian dry forests:
environmental correlates and the effect of considering species
abundance. Biotropica 43: 722-730. https://doi.org/10.1111/
j-1744-7429.2011.00754.x

Jongbloed M. (2003) The comprehensive guide to the wild flowers
of the United Arab Emirates. Abu Dhabi, UAE, Environmental
Research and Wildlife Development Agency.

Jurado E., Westoby M., Nelson D. (1991) Diaspore weight, dis-
persal, growth form and perenniality of Central Austral-
ian plants. Journal of Ecology 79: 811-828. https://doi.
0rg/10.2307/2260669

Jurado E., Estrada E., Moles A. (2001) Characterizing plant attrib-
utes with particular emphasis on seeds in Tamaulipan thorn-
scrub in semi-arid Mexico. Journal of Arid Environments 48:
309-321. https://doi.org/10.1006/jare.2000.0762

Karim F.M., Fawzi N.M. (2007) Flora of the United Arab Emirates.
Al Ain, UAE, United Arab Emirates University.

Kefi S., Rietkerk M., Katul G.G. (2008) Vegetation pattern shift as
a result of rising atmospheric CO2 in arid ecosystems. Theoreti-
cal population biology 74: 332-344. https://doi.org/10.1016/].
tpb.2008.09.004

Leishman M.R., Westoby M. (1994) Hypotheses on seed size:
tests using the semiarid flora of Western New South Wales,
Australia. The American Naturalist 143: 890-906. https://doi.
org/10.1086/285638

Leishman M.R., Westoby M., Jurado E. (1995) Correlates of seed
size variation: a comparison among five temperate floras. Jour-
nal of Ecology 83: 517-530. https://doi.org/10.2307/2261604

Leishman M.R., Wright 1.J., Moles A.T., Westoby M. (2000) The
evolutionary ecology of seed size. In: Fenner M. (ed.) Seeds:
the ecology of regeneration in plant communities: 31-57.
2nd Ed. Wallingford, UK, CABI publishing. https://doi.
0rg/10.1079/9780851994321.0031

Liu H.-L., Zhang D.-Y., Duan S.-M., Wang X.-Y., Song M.-F.
(2014) The relationship between diaspore characteristics with
phylogeny, life history traits, and their ecological adaptation
of 150 species from the cold desert of Northwest China. The
Scientific World Journal volume 2014: 510343. https://doi.
org/10.1155/2014/510343

Lord J., Egan J., Clifford T., Jurado E., Leishman M., Williams
D., Westoby M. (1997) Larger seeds in tropical floras: consist-
ent patterns independent of growth form and dispersal mode.
Journal of Biogeography 24: 205-211. https://doi.org/10.1046/
j-1365-2699.1997.00126.x

Machado 1.C.S., Barros L.M., Sampaio E.V.S.B. (1997) Phenology
of caatinga species at Serra Talhada, PE, Northeastern Brazil.
Biotropica 29: 57-68. https://doi.org/10.1111/j.1744-7429.1997.
tb00006.x

Mazer S.J. (1989) Ecological, taxonomic, and life history correlates
of seed mass among Indiana Dune angiosperms. Ecological
Monographs 59: 153—-175. https://doi.org/10.2307/2937284

Mazer S.J. (1990) Seed mass of Indiana Dune genera and families:
taxonomic and ecological correlates. Evolutionary Ecology 4:
326-357. https://doi.org/10.1007/BF02270931

Miller A.G., Cope T.A. (1996) Flora of the Arabian Peninsula and
Socotra volume I. Edinburgh, UK. Edinburgh University Press.

Morales J.M., Carlo T.A. (2006) The effects of plant distribution
and frugivore density on the scale and shape of dispersal ker-
nels. Ecology 87: 1489-1496. https://doi.org/10.1890/0012-
9658(2006)87[1489: TEOPDA]2.0.CO;2

Nama K.S., Choudhary K. (2013) Dispersal pattern of some tree
species of Mukundara Hills National Park. International Journal
of Pure & Applied Bioscience 1(2): 24-30.

Navarro T., Alados C.L., Cabezudo B. (2006) Changes in plant
functional types in response to goat and sheep grazing in two
semi-arid shrublands of SE Spain. Journal of Arid Environments
64: 298-322. https://doi.org/10.1016/j.jaridenv.2005.05.005

Navarro T., Pascual V., Alados C.L., Cabezudo B. (2009a) Growth
forms, dispersal strategies and taxonomic spectrum in a semi-
arid shrubland in SE Spain. Journal of Arid Environments 73:
103—-112. https://doi.org/10.1016/j.jaridenv.2008.09.009

Navarro T., El Oualidi J., Taleb M.S., Pascual V., Cabezudo B.
(2009b) Dispersal traits and dispersal patterns in an oro-Med-
iterranean thorn cushion plant formation of the eastern High
Atlas, Morocco. Flora - Morphology, Distribution, Functional
Ecology of Plants 204: 658-672. https://doi.org/10.1016/j.flo-
ra.2008.08.005

Pérez-Harguindeguy T., Diaz S., Garnier E., Lavorel S., Poorter H.,
Jaureguiberry P., Bret-Harte M.S., Cornwell W.K., Craine J.M.,
Gurvich D.E., Urcelay C., Veneklaas E.J., Reich P.B., Poorter
L., Wright L.J., Ray P., Enrico L., Pausas J.G., de Vos A.C.,
Buchmann N., Funes G., Quétier F., Hodgson J.G., Thompson
K., Morgan H.D., ter Steege H., van der Heijden M.G.A., Sack
L., Blonder B., Poschlod P., Vaieretti M.V., Conti G., Staver
A.C., Aquino S., Cornelissen J.H.C. (2013) New handbook
for standardised measurement of plant functional traits world-
wide. Australian Journal of botany 61: 167-234. https://doi.
org/10.1071/BT12225

207


https://doi.org/10.1007/s11258-013-0220-z
https://doi.org/10.1007/978-1-4615-6968-8_1
https://doi.org/10.1007/978-1-4615-6968-8_1
https://doi.org/10.1017/S0266467401001201
https://doi.org/10.1017/S0266467401001201
https://doi.org/10.1006/jare.1996.0192
https://doi.org/10.1006/jare.1996.0192
https://doi.org/10.1007/978-3-642-55974-7
https://doi.org/10.1016/j.baae.2011.09.003
https://doi.org/10.1146/annurev.es.13.110182.001221
https://doi.org/10.1146/annurev.es.13.110182.001221
https://doi.org/10.2307/2261456
https://doi.org/10.2307/2261271
http://www.ipni.org
http://www.ipni.org
https://doi.org/10.1111/j.1744-7429.2011.00754.x
https://doi.org/10.1111/j.1744-7429.2011.00754.x
https://doi.org/10.2307/2260669
https://doi.org/10.2307/2260669
https://doi.org/10.1006/jare.2000.0762
https://doi.org/10.1016/j.tpb.2008.09.004
https://doi.org/10.1016/j.tpb.2008.09.004
https://doi.org/10.1086/285638
https://doi.org/10.1086/285638
https://doi.org/10.2307/2261604
https://doi.org/10.1079/9780851994321.0031
https://doi.org/10.1079/9780851994321.0031
https://doi.org/10.1155/2014/510343
https://doi.org/10.1155/2014/510343
https://doi.org/10.1046/j.1365-2699.1997.00126.x
https://doi.org/10.1046/j.1365-2699.1997.00126.x
https://doi.org/10.1111/j.1744-7429.1997.tb00006.x
https://doi.org/10.1111/j.1744-7429.1997.tb00006.x
https://doi.org/10.2307/2937284
https://doi.org/10.1007/BF02270931
https://doi.org/10.1890/0012-9658(2006)87[1489:TEOPDA]2.0.CO;2
https://doi.org/10.1890/0012-9658(2006)87[1489:TEOPDA]2.0.CO;2
https://doi.org/10.1016/j.jaridenv.2005.05.005
https://doi.org/10.1016/j.jaridenv.2008.09.009
https://doi.org/10.1016/j.flora.2008.08.005
https://doi.org/10.1016/j.flora.2008.08.005
https://doi.org/10.1071/BT12225
https://doi.org/10.1071/BT12225

PIL Ecol. Evol. 151 (2),2018

Pritchard H.W., Daws M.I., Fletcher B.J., Gaméné C.S., Msanga
H.P., Omondi W. (2004) Ecological correlates of seed desicca-
tion tolerance in tropical African dryland trees. American Jour-
nal of Botany 91: 863-870. https://doi.org/10.3732/ajb.91.6.863

Puigdefabregas J., Pugnaire F.I. (1999) Plant survival in arid en-
vironments. In: Pugnaire F.I, Valladares F. (eds) Handbook of
functional plant ecology: 381-406. New York & Basel, Marcel
Dekker Inc.

Rodriguez C., Navarro T., El-Keblawy A. (2017) Effect of macro-
climate and dune types on plant dispersal traits in the Medi-
terranean coastal dunes of southern Spain. Turkish Journal of
Botany 41: 161-170.

Roux F., Touzet P., Cuguen J., Le Corre V. (2006) How to be early
flowering: an evolutionary perspective. Trends in Plant Science
11: 375-381. https://doi.org/10.1016/].tplants.2006.06.006

Schoning C., Espadaler X., Hensen 1., Roces F. (2004) Seed pre-
dation of the tussock-grass Stipa tenacissima L. by ants (Mes-
sor spp.) in south-eastern Spain: the adaptive value of trypano-
carpy. Journal of Arid Environments 56: 43-61. https://doi.
org/10.1016/S0140-1963(03)00024-7

Seghieri J., Vescovo A., Padel K., Soubie R., Arjounin M., Boulain
N., de Rosnay P., Galle S., Gosset M., Mouctar A.H., Peugeot
C., Timouk F. (2009) Relationships between climate, soil mois-
ture and phenology of the woody cover in two sites located
along the West African latitudinal gradient. Journal of Hydrol-
ogy 375: 78-89. https://doi.org/10.1016/j.jhydrol.2009.01.023

Sherif M., Akram S., Shetty A. (2009) Rainfall analysis for the
northern wadis of United Arab Emirates: a case study. Journal of
Hydrologic Engineering 14: 535-544. https://doi.org/10.1061/
(ASCE)HE.1943-5584.0000015

Strykstra R.J., Bekker R.M., Van Andel J. (2002) Dispersal and life
span spectra in plant communities: a key to safe site dynamics,
species coexistence and conservation. Ecography 25: 145-160.
https://doi.org/10.1034/1.1600-0587.2002.250203.x

Thompson K., Band S.R., Hodgson J.G. (1993) Seed size and shape
predict persistence in soil. Functional Ecology 7: 236-241. htt-
ps://doi.org/10.2307/2389893

Thomson F.J. Letten A.D. Tamme R. Edwards W., Moles A.T.
(2018) Can dispersal investment explain why tall plant species
achieve longer dispersal distances than short plant species? New
Phytologist 217: 407—415. https://doi.org/10.1111/nph.14735

UAE Ministry of Energy (2006) The United Arab Emirates Initial
National Communication to the United Nations Framework
Convention on Climate Change. United Arab Emirates, Minis-
try of Energy.

UAE Ministry of Energy (2012) 3rd National Communication
under the United Nations Framework Convention on Climate
Change. United Arab Emirates, Ministry of Energy.

UAE Ministry of Environment & Water (2015) State of Environ-
ment Report United Arab Emirates 2015. United Arab Emirates,
Ministry of Environment & Water.

208

van der Pijl L. (1969) Principles of dispersal in higher plants. 1st
Ed. Berlin, Springer-Verlag.

van der Pijl L. (1972) Functional considerations and observations
on the flowers of some Labiatae. Blumea 20: 93—103.

van der Pijl L. (1982) Principles of dispersal in higher plants. 3rd
Ed. New York, Berlin & Heidelberg, Springer-Verlag. https://
doi.org/10.1007/978-3-642-87925-8

van Rheede van Oudtshoorn K., van Rooyen M.W. (1999) Dis-
persal biology of desert. Adaptations of desert organisms.
New York, Berlin & Heidelberg, Springer-Verlag. https://doi.
org/10.1007/978-3-662-03561-0

van Rooyen M.W., Theron G.K., Grobbelaar N. (1990) Life form
and dispersal spectra of the flora of Namaqualand, South Africa.
Journal of Arid Environments 19: 133—145.

Venable D.L., Levin D.A. (1985) Ecology of achene dimorphism
in Heterotheca latifolia: I. Achene structure, germination
and dispersal. Journal of Ecology 73: 133-145. https://doi.
org/10.2307/2259774

Wang J.H., Baskin C.C., Cui X.L., Du G.Z. (2009) Effect of phy-
logeny, life history and habitat correlates on seed germination
of 69 arid and semi-arid zone species from northwest China.
Evolutionary Ecology 23: 827-846. https://doi.org/10.1007/
s10682-008-9273-1

Weiher E., van der Werf A., Thompson K., Roderick M., Garnier E.,
Eriksson O. (1999) Challenging Theophrastus: a common core
list of plant traits for functional ecology. Journal of Vegetation
Science 10: 609—620. https://doi.org/10.2307/3237076

Westoby M., Jurado E., Leishman M. (1992) Comparative evolu-
tionary ecology of seed size. Trends in Ecology & Evolution 7:
368-372. https://doi.org/10.1016/0169-5347(92)90006-W

Wheelwright N.T., Janson C.H. (1985) Colors of fruit displays of
bird-dispersed plants in two tropical forests. The American Nat-
uralist 126: 777-799. https://doi.org/10.1086/284453

Wikander T. (1984) Mecanismos de dispersion de diasporas de una
selva decidua en Venezuela. Biotropica 16: 276-283. https:/
doi.org/10.2307/2387936

Willson M.F., Rice B.L., Westoby M. (1990) Seed dispersal spectra:
a comparison of temperate plant communities. Journal of Veg-
etation Science 1: 547-562. https://doi.org/10.2307/3235789

Willson M.F. (1993) Dispersal mode, seed shadows, and coloniza-
tion patterns. In: Fleming T.H., Estrada A. (eds) Frugivory and
seed dispersal: ecological and evolutionary aspects: 261-280.
Dordrecht, Kluwer Academic Publishers.

Zohary M. (1973) Geobotanical foundations of the Middle East.
Stuttgart, Fischer Verlag.

Manuscript received 14 May 2017; accepted in revised version 27
Apr. 2018.

Communicating Editor: Renate Wesselingh.


https://doi.org/10.3732/ajb.91.6.863
https://doi.org/10.1016/j.tplants.2006.06.006
https://doi.org/10.1016/S0140-1963(03)00024-7
https://doi.org/10.1016/S0140-1963(03)00024-7
https://doi.org/10.1016/j.jhydrol.2009.01.023
https://doi.org/10.1061/(ASCE)HE.1943-5584.0000015
https://doi.org/10.1061/(ASCE)HE.1943-5584.0000015
https://doi.org/10.1034/j.1600-0587.2002.250203.x
https://doi.org/10.2307/2389893
https://doi.org/10.2307/2389893
https://doi.org/10.1111/nph.14735
https://doi.org/10.1007/978-3-642-87925-8
https://doi.org/10.1007/978-3-642-87925-8
https://doi.org/10.1007/978-3-662-03561-0
https://doi.org/10.1007/978-3-662-03561-0
https://doi.org/10.2307/2259774
https://doi.org/10.2307/2259774
https://doi.org/10.1007/s10682-008-9273-1
https://doi.org/10.1007/s10682-008-9273-1
https://doi.org/10.2307/3237076
https://doi.org/10.1016/0169-5347(92)90006-W
https://doi.org/10.1086/284453
 https://doi.org/10.2307/2387936
 https://doi.org/10.2307/2387936
https://doi.org/10.2307/3235789

