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he elfects of grazing by livestock on three palatable under-

shrubs (Convolvulus lanatus Vahl, Moltkiopsis ciliata
(Forssk) .M. Johnst and Echiochilon fruticosum Desf) and
three shrubs (Artemisia monosperma Dcl., Thymelaea hirsuta
(L.) Endle and Zygophyllum album L.) were studied in two
islands at Zaranik, Lakc Bardawil (northern Sinai) on the
Mediterrancan coast of Egypt. For the under-shrubs, seventeen
years of protiection against grazing has led to an increase in their
vigor, cover and density. The density of the palatable shrub
Artemisia monosperma was greater in the heavily grazed area,
while its cover and vigor were higher in the ungrazed arca.
Thymelaea hirsuta and Zygophyllum album were more
abundant in the hecavily grazed area than in the protecied area.
Soil fine fractions were higher in the protected areas, while soil
salinity and organic carbon were higher in the heavily grazed
arcas. The threc shrubs showed positively skewed size
distributions in both protected and heavily grazed sites.
Recruitment occurred through vegetative sprouts only for the
three palatable under-shrubs under the heavy grazing intensity
and through both scedlings and vegetative sprouts in the
protected arcas cxcept for Convolvulus lanatus. Results
obtained indicate that the three grazing tolerant under-shrubs
were under pressurc and there is likely to be a decline in their
vigor, cover and density unless active grazing control is
initiated.
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Keywords: Lake Bardawil, grazing, islands, northern Sinai, palatability,
regeneration.

Shrubs and under-shrubs are the major components of arid and semi-arid
rangelands throughout Egypt and the world (Ayyad and El-Kady, 1982;
Noy-Meir, 1990; Van Duivenbooden, 1993; Shaltout ef al., 1996). In Egypt,
many shrub specics are either endangered or vulnerable due to aridity
conditions and human activities (Batanouny ef al., 1991). The continuous
overgrazing, overcutting and uprooting has led to the disappearance of
pastoral plant communities, the paucity of trees and shrubs, the reduction of
plant cover and soil erosion (Kassas, 1955; Zahran and Willis, 1992; El-
Kady and El-Shourbagy, 1994; Helmy et al., 1996).

The major cffects of grazing disturbance in plant communities
include changes in vegetation structure and composition. In some arid and
semi-arid pastoral arcas of the world, grazing by domestic livestock can
dramatically change the structure of the vegetation by preventing recruitment
of trees and shrubs (Chesterfield and Parsons, 1985).

The northern Sinai is about 6.56 million ha. nearly a half million
units of livestock and several wildlife species utilize this area. In former
times, many places were far from human settlement and there was a chance
for the natural vegetation to regenerate (Kassas, 1955). Now, roads are being
constructed to most villages and scenic arcas thus facilitating movements of
large herds between winter and summer grazing grounds and enabling access
to rare plant sites. This has resulted in the lack of regeneration of palatable
species and a dominance of unpalatable ones. The effect of overgrazing can
be seen on satellite imagery of Sinai, where the border between Egypt and
Israel becomes clear due 1o vegetation degradation along the Egyptian side
(Ticlbérger, 1997). Although the Mediterrancan desert rangelands of
northern Sinai have been grazed for long periods, no quantitative
information are available on the effects of long term heavy grazing on the
vegetation and soil. This lack of information is especially critical because the
desert environment is easily disturbed and needs a long recovery time.

Zaranik protected area of Lake Bardawil was originally created as a
RAMSAR site with great international importance for migratory and resident
birds (Salama and Grieve, 1997). The present study is specifically intercsted
in determining the effects of protection upon the abundance and size
structure of the common under-shrubs and shrubs and their associated soil
variables in two islands of Lake Bardawil. We hypothesize that protection
could affect plants since some unpalatable species may benefit from the
disturbed condition of the heavy grazed arca.
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MATERIALS AND METHODS

Three under-shrubs (Convolvulus lanatus, Moltkiopsis ciliata and
Echiochilon  fruticosum) and three shrubs (Artemisia  monosperma,
Thymelaea hirsuta and Zygophyllum album) were sampled in the sand dunes
ofproteclc'd and heavily grazed islands. The population of cach species were
sampled within ten stands in the protected site and another ten in the heavily
grazed one. Artemisia monosperma, Moltkiopsis ciliata and Convolvulus
lanatus were common on the partially stabilized dunes, while Echiochilon
fiuticosum, Thymelaea hirsuta and Zygophyllum album were abundant on
the stable inter dunes (El-Bana et «l., 2002). The plant density and cover
were cstimated using a modified line-intercept method (Etchberger and
Krausman, 1997). The maximum canopy height and average canopy
diameter (mean of two perpendicular measurements) of all the individuals of
cach species within the sampled stands were measured to calculate the
canopy volume and the projected areas of individuals (Brooks, 1999). The
size index of a species was defined as the mean of its height and diameter
(Crisp, 1978; Shaltout ef al., 1996).

The soil samples were collected from cach stand, air dried,
thoroughly mixed and passed through a 2 mm-sieve to separate gravel and
debris. Samples finer than 2 mm were analyzed for soil fexture and organic
matter. The pH and electrical conductivity were determined in an aqueous
solution (20 g soil dissolved in 40 ml distilled water and shaken for 2 hrs)
using a pH and a conductivity meter.

The D’Agostino-Pearson statistic was used to test normalily
(D’ Agostino et al., 1990). The Mann-Whitney rank sum test was applied to
assess the differences between populations and soil in heavily grazed and
ungrazed sites (Sokal and Rohlf, 1995).

Study Area

The study was conducted at the coastal dunes of two islands (E
Fusiyat and El Malty), Zaranik area (31°06°N and 33%28°E), in the north-east
of Lake Bardawil. El Fusiyat was heavily grazed by goats and sheep before

1983 and was not grazed after 1988 (W. Salama, Zaranik Manager, pers.
comm.) On the other hand, El Malty is under heavy grazing, as it is
occupied by permanently resident Bedouins with their goats and sheep. The
elevation of both islands is approximately 20 m as.l. They have been
assumed similar in productivity because of their proximity, slope angles,

exposure, soil and flora (El-Bana et al. 2002). . :
The climate of the study arca may be classified as transitional

between the Monsoon and Mediterranean climate types, owing to the
modification by the elevated Sinai Peninsula. The rainy season extends {from
October to May, the average annual rainfall is about 82 mm and 1he: annual
evaporation about 160 mm (Zahran and Willis, 1992). The dunes in these
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islands are up to 15m height from swale .lo crc§l. The Ovcrﬂ”"percemage
cover of perennial plants in the protected !s].and is about 50-5..5 %0, while in
the heavy grazed island is 5-10%. The soil in the study area is sandy anq
whitish due to the presence of shell fragments.

RESULTS

Grazing significantly decreased the growth attributes of four out of
the six studied species (Table 1). The height, diametcr, volume and area of
the under-shrubs (Convolvulus lanatus, Moltkiopsis ciliata and Echiochilon
Sruticosum) were highly decreased under the heavy grazing (Table 1). The
volume differences between ungrazed and heavily grazed were extreme for
the three palatable under-shrubs; the volumes of individuals of Convolvulus
lanatus, Moltkiopsis ciliata and Echiochilon fiuticosum were 97%, 96% and
92% less, respectively, in the heavily grazed area. The volume of shrub
individuals of Artemisia monosperma was 82% less in the heavily grazed
area. The volumes and areas of the less palatable fibre-shrub Thymelaea
hirsuta and the succulent-shrub Zygophyllum album had significantly
increased in the heavily grazed area.

The height/diameter ratios for the palatable under-shrubs
(Convolvulus lanatus, Moltkiopsis ciliata and Echiochilon fiuticosum) were
significantly greater in the protected site. The two shrubs (Artemisia
monosperma and  Thymelaea hirsuta) and the succulent (Zygophyllum
album) did not show stafistically significant differences between the
protected and the heavily grazed sites (Table 2). Significant correlations
were observed between the individual heights and diameters of the studied
species in the heavily grazed and the protected sites (Table 2) except for
Moltkiopsis ciliata (1) = 0.159, p = 0.11) under heavy grazing.

The size structures of the three palatable under-shrubs (Convolvulus
lanatus, Moltkiopsis ciliata and Echiochilon JSruticosum) indicated that most
of the individual plants of the studied species belonged to smaller size
classes under heavy grazing intensity (Figure 1). Most of these individuals in
the small size classes were recent vegetative regrowth that had survived
some grazing. These species had neither seedling emergence nor larger
individuals in the heavily grazed area. Convolvulus lanatus had a few large
individuals under heavy grazing intensity compared 1o Moltkiopsis ciliata
and Echiochilon fruticosum as i included long spine stems. Moltkiopsis
ciliata and Echiochilon fiuticosum had positively skewed distributions in the

protected arca, while Convolvulus lanatus had a negatively skewed

distribution. The three shrubs (4rtemisia monosperma, Thymelaea hirsuta)

and Zygophyllum album had positively skewed distribution in both protected
and heavily grazed arcas (Figure 1.
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TABLE (2). Height/diameter ratio and Spe:u'.m:m rank correlatjop (rg)
between height and diameter in ungrazed an

d he‘l i
tVl]y
gl'ilZCd areas.

Height / Diamefer rs “"’m
Species Ungrazed Grazed Ungrazed Grazed
Comvolvulus lanates 0.68 0.40 0.68 05
Moltkiopsis ciliata 0.58 0.37 0.63 0.16*
Echiochilon fruticosum 0.52 0.47 0.83 0.74
Artemisia monosperna 0.92" 0.97° 0.87 0.73
Thymelaea hirsuta 1.02° 111" 0.84 0.84
Zygophyllum album 0.62" 0.64° 0.92 0.79

* indicate non-significant correlation (P>0.05).
Similar letters indicate non-significant (P>0.05) Mann-Whitney rank sum test,

Absolute density and cover index of the palatable under-shrubs
(Convolvulus lanatus, Moltkiopsis ciliata and Echiochilon fruticosum) were
significantly greater in the protected area than in the heavily grazed one
(Table 3). Thymelaea hirsuta and Zygophyllum album had significantly
greater density and cover in the heavily grazed area than in the protected
one, whereas the palatable shrub (Artemisia monosperma) had a significantly
higher density and lower cover in the heavily grazed area.

TABLE (3). Comparison of absolute density and cover index of species
in ungrazed and heavily grazed areas.

Density (plants/ 100 m?) Cover (m/ 100 m)
Species
Heavily  Difference Heavily  Difference
U y

ngrazed arazed (%) Ungrazed grazed (%)
Convolvulus lanatus 20.0 6.8 66.0 4.2 0.9 799
Moltkiopsis ciliata 18.3 5.6 69.4 3.3 0.5 85.1
Echiochilon fruticosum 40.2 16.0 60.2 6.7 25 63.1
Artemisia monosperma 95.0 110.0 -15.8 124 6.4 487
Thymelaea hirsuta 60.0 86.0 433 9 9 11.2 -13.]
Zygophyvllum album 16.0 25.5 -59.4 5.3 8.8 ——ﬂ""

AI! vqlues are §igniﬁcant]y different (P<0.05) Mann-Whitney rank sum test betwee
pairwise combinations of each parameter.

There were significant differences in the measured soil factors
peiwcen ungrazed and heavily grazed species (Table 4). There was al
increase in 1.he soil fine [ractions in the stands under the protection for al
studied species except Zygophyllum album stands. On the other hand, soi

salinilty and organic carbon were hicher ity grazed stands
(Table 4). gher in the heavily g

Egyptian J. Desert Res., 52, No.2 (2002)

CamScanner - Ligs d>geuaall


https://v3.camscanner.com/user/download

RESPONSE OF SHRUBS AND UNDER-SHRUBS TO............ 241

Under-shrubs Shrubs
30 4 o 10
; M Coaraimivs basres Lrteadsia monospxe i
i |
40 3 | 3 ”
| | B K369, : 10
-~ - 1 Ky 10482 .
P K-, 1632 ; @
it K- 510.7 €
g P 0 8§
:“ X J | %
S 7 £
)
10 - ' { 10
W‘ 7 l |
o d ./i E bd z / 1 —L 0
10 20 30 40 0 0 20 30 40 S0 6b 70 80 90
AAUEEN i ) 40
- Moltkiopsis ciliata Thymelaes hirsuta
O -
60 o K*,. 437.6 0
< K3, -459.7 ; =
2 50 " K, 447.7 <
z K =482.3 - B
g 0+ ’ 5
3 / 7 £
E L ’ &
[ ’ 10
20 4 ’
lo 1 / a—l
a A ' ' i
0 ' 0 A0 60 SO 100 120 140
10 20 30 40 50
40 A r 30
Fehiochilon fruticosum ] Zygophylivnt album
30 1 ¢l =3 r 2
_ _ Ki=374.7 K3,,=364.7 L 20 &
S 3 <
’E_ K*,=413.5 K=634.1 &
5 20 - g,
2, [/
E g 1o &
i ’ % B”
4 plrlnlalal 0,
o i 1o 20 30 40 50 60 70 RO
10 20 30 40 50

Size index (upper limit, cm)
Size index (upper limit, cm)

Fig. (1). Size-frequency distribution of under-shrub and shrub
populations in the ungrazed (stripped bars) and the heavily

grazed (blank bars) sites.

Abbreviations: K2, and thg are the D' Agostino-Pearson

test statistic for normality which are significantly different

(p < 0.05) at the ungrazed and the heavily grazed

populations, respectively.
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DISCUSSION

Sohe 1016;;3:‘1%? number of S‘tUdICS clearly show that long-term heavy grazing
wER 1on in cover of palatable species and the dominance of the
U“Paldmble>_ qhemmally dCfrCl'ldCd plant species (Dregne, 1995; Shaltout ef
al., 1‘996; Bisigato and Bertiller, 1997). Protection against overgrazing could
provide a chance for regencration and dominance of palatable species. The
present stu(.iy shows' that protection during 17 years has resulted in
remarkable increases in dimensions, cover and density of palatable specics
over unpalatable ones. The cover and density of palatable under-shrubs
(Convolvulus lanatus, Moltkiopsis ciliata and Echiochilon Sfruticosum) were
shown to benefit from protection. Similar results were recorded by Shaltout
et al. (1996) who noted that eleven years of protection in the coastal land of
Saudi Arabia improved the abundance of highly palatable species, while the
unpalatable species were abundant under heavy grazing. In the westemn
Mediterranean desert of Egypt and in northern Sudan, density and cover of
palatable perennials increase as a result of protection and controlled grazing
(Halwagy, 1962; Ayyad and El-Kady, 1982). Floret (1981) showed that the
populations of Echiochilon firuticosum progressed from 33% to 61% afier
seven years of protection in the Mediterranean arid zone of southern Tunisia.
However, some plant species may show a favorable response to grazing.
Ellison (1960) found that Artemisia nova (palatable shrub) had a higher
owth rate after grazing than before. In this study, interestingly, the density
of the palatable shrub Artemisia monosperma was greater in the heavily
grazed area, while its cover was higher in the ungrazed area. This might be
due to the ability of this plant to develop shoot-borne roots and hairs on its
seedlings under disturbance (Danin 1996). The seed gennination of
Artemisia monosperma might be enhanced by trampling as 1'ts achf?nes are
very sensitive to light (Koller ef al., 1964); these achenes require a thin cover
of sand to germinate (Huang and Gutterman, 1998). Fahn and Cutler (1992)
showed that Artemisia monospermd is resistant to both covering and

uncovering by sand.
The abundance of the glycophyte

succulent Zygophyllum album were higher in 1
ed by herbivores because 0

Thymelaea hirsuta and the
he heavily grazed area. These
species are not preferr : f their_ high salt content,
low protein content and high concentrations of phenolic compounds and
condensed tannins (Kam éf 4 1997). El-Kady (1987) observed that
Thymelaea hirsuta is less palatable when fresh, probably dL‘le to chemical
factors. Noy-Meir ( 1990) found that the less palatable perennial Asphodelus

: i d he attributed this to its
aestivu. ed to increase under grazing an g
estivus tend Oatham et al. (1995) found that protection

oY reen.
unpalatability when 8 n Abu Dhabi rangelands has led to a decicase in

against grazin for 11 years i !
ﬂ%e abfxrmdancge of unpalatable Zygophyllum  Specics. Munton (1988)
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. 1ocal dominance of Zygophyllum /mmi.m:.?'{.' il'l the Wahiby
suggsated f Jne i ; srgrazing and - climination of mope
sands of Oman might be duc to overg l .
pu]mnblcS?E:c(llci:H'crcnccs in plant populations .mfly. bc‘:”c:lu::au(‘l'(‘Iirc(.;‘lly. or
through differences in growth rales due to age (]l[: lt.:xcn(.\;./h,. .L’,b.lf(-il(()agvul lation,
heterogeneity of resources, herbivory and compcllt‘u?n ( WI]L]I‘-- 9! 5). In the
present study, the size differences l]tflwcc11 un;_z,'m/.c(l un(\ 1c'..1'v11y grazed
populations were highly significant. The po;'mlutu‘nm'or !lu. palatable threg
under-shrubs showed positively skewed size dtsmb.ullons un(lcr. heavy
grazing conditions. The small individuals of these specics were recruitments
via vegetative sprouting afler grazing. ’l’hc. long-term survival of these
compensations is expecled to be zero, as indicated by the absence of large
size classes, Their early survival would be critical during a drought when
other forage is unavailable. The seed formation of these under-shrubs under
grazing is very limited as flowers and unripe sceds comprise good qualitative
forage (Ayyad 1978). Conscquently, although individual plants can live
long, when the shrubs dic completely, regeneration from seedlings is very

slow and may not even occur under heavy grazing (van Duivenbooden,
1993).

The size distribution of Convolvulus lanatus was negatively skewed
in the protected site: this w

as unexpected since both its cover and density
mcereased. A possible explanation for this inconsistency between the shord-
term response (juvenile) and the long-term response (cover and density) is

that the establishment of Convolvulus lanatus was promoted by protection in

Some years only. In arid and semi-arid Z0nes, some species may thrive under
infrequént coincidence of environmental and physical conditions, which
favor the establishment of scedlings of some species (Omar, 1991). Kadmon
and Leschner (1995) argued that the stability of the sand was the main factor
comrollli{lg the abundance of species in sand dunes, In the present case, the
10p-sqll 18 rapidly changing and altering the soil moisture regime and hence
resulting in site conditions that fayor some species, Danin (1996) mentioned
that C.‘om:‘olvulus lanatus is unable 0 generate shoot-borne roots like
Mo!fkrops:z.?' ciliata and Artemisia monosperma under sand encroachment.
"l:hc posmvc'ly skewed size distributions of Artemisia monosperma,
Thymelaea hirsuta and Zygophyllum album in both ungrazed and grazed
sncs could be attributed 1q their ability 1q tolerate a wide range of
Sgnft)lglggnu}l .chdngcs. ‘El-ll(qdy and El-Shom-bagy (1994) demonstrated

' mmzmce. (?f A.’ temisia monosperma and Thymelaea hirsuta in the
grassland communitics i, Wadi El-Arigh (50 km SO{Ilh-C'ISl of the present
study arca) was due to environmenta| changes (c.g. air N isture
atd 5ol salinity), -8. air temperature, mo

Briske (1996) stated 1

. al with inere
palatable species h oy

: asing grazing intensity, the
ave avoidance mechanism 4 Y

§ as biochemical compounds
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and/or mechanical deterrents. Young (1987) and Milewski et al. ( 1991)
found that browsed Acacia shrubs produce a greater density of longer thorns
than unbrowsed branches. In the present study, individuals of Convolvulus
lanatus were spinescent under heavy grazing intensity, while others had soft
stems in the protected arca. This spiny growth-form might be an adaptation
to resist the heavy grazing intensity and to save this species from extinction.
However, Danin (1983) also considered that the formation of spines in this
species as an adaptation to drought under extreme desert conditions and the
spineless form under coastal conditions.

‘ Decumbent canopies are better able 1o resist grazing because less
biomass is accessible to herbivores (Stobbs, 1973) and a greater amount of
photosynthetic and meristematic tissues remain to facilitate growth
following grazing (Carman and Briske, 1985). The results of present study
proved that the height/diameter ratio was less than unity and significantly
higher in the protected site for palatable under-shrubs (Table 2). This means
that the diameters of these species exceed their heights under heavy grazing
intensity and hence individuals of these species tend to expand horizontally
rather than vertically. Shaltout and Mady (1993) suggested this growth form
as a self-regeneration strategy for the desert trees and shrubs.

The high content of soil fine fractions in the protected site related to
the heavily grazed one, could be aitributed to the relative higher plant
density and cover which may increase the deposition of acolian fine
fractions. This finding has been reported by Danin (1978) and Kadmon and
Leschner (1995) in the sand dunes of the northern Negev (85-100 km south-
west of the study arca). The increase of soil salinity in the heavily grazed
area compared 1o the protected site might be due to the sparser vegetation
and the larger soil particles which enhance evaporation and soil erosion
(Thalen, 1979; Shaltout et al., 1996). Low vegetative cover and infiltration
rates cause diurnal temperature fluctuations, runoff and erosion to increase in
grazed areas (Ellison, 1960). The relatively higher organic carbon content in
the soil of heavily grazed populations could be attributed to grazing, causing
dead material to come in contact with the soil surface where microbial
decomposition is greater. This result confirms the findings of Ayyad and El-
Kady (1982); Abulfatih ef al. (1989); Hajar (1993) and Shaltout et al.
(1996).

In general, there is strong cvidence that many grazing tolerant
specics in arid and semi-arid regions are under stress due to heavy grazing
(Noy-Meir, 1990; Omar, 1991; Shaltout et al., 1996; Bisigato and Bertiller,
1997) and that there is likely to be a decline in all sucn species unless active
control of grazing is initiated. Results in this study indicated that the three
grazing tolerant under-shrubs responded to protection with a sharp increase
in density, cover and scedling regeneration. The loss of seedling
regencration of these species under heavy grazing can have serious
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inphications for the long-term survival, Given the general lagk
production observed m thes study under heavy grazing, it i mpy
protect these species by fencing and to manage these fragile rang
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