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EDITORIAL PREFACE
It is my great pleasure to publish the first issue of Volume two of the Jordan Journal of Biological
Sciences (JJBS). JJBS is a refereed, peer reviewed quarterly international journal issued by the Jordanian Ministry
of Higher Education and Scientific Research in cooperation with the Hashemite University. The journal covers a
wide range of research and development concerning biological sciences. Through the publication, we hope to
establish and provide an international platform for information exchange in different fields of biological sciences.
Jordan Journal of Biological Sciences aims to provide a highly readable and valuable addition to the
literature, which will serve as an indispensable reference tool for years to come. The coverage of the journal
includes all new findings in all aspects of biological sciences and or any closely related fields. The journal also
encourages the submission of critical review articles covering advances in recent research of such fields as well as
technical notes.
The Editorial Board is very committed to build the Journal as one of the leading international journals in
biological sciences in the next few years. With the support of the Ministry of Higher Education and Scientific
Research and Jordanian Universities, it is expected that a valuable resource to be channeled into the Journal to
establish its international reputation.
I have received a good response to this issue of JJBS from biologists in Jordanian universities. I am
pleased by this response and proud to report that JJBS is achieving its mission of promoting research and
applications in biological sciences. In this issue, there are Seven interesting papers dealing with various aspects of
biological sciences.
JJBS will bring you top quality research papers from an international body of contributors and a team of
distinguished editors from the world's leading institutions engaged in all aspects of biological sciences. Now, the
JJBS invites contributions from the entire international research community. The new journal will continue to
deliver up to date research to a wide range of biological sciences professionals. The JJBS will assure that rapid
turnaround and publication of manuscripts will occur within three to six months after submission.
I would like to thank all members of the editorial board and the international advisory board members for
their continued support to JJBS with their highly valuable advice. Additionally, I would like to thank the
manuscript reviewers for providing valuable comments and suggestions to the authors that helped greatly in
improving the quality of the papers. My sincere appreciation goes to all authors and readers of JJBS for their
excellent support and timely contribution to this journal.
I would be delighted if the JJBS could deliver valuable and interesting information to the worldwide
community of biological sciences. Your cooperation and contribution would be highly appreciated. More
information about the JJBS guidelines for preparing and submitting papers may be obtained from www.
jjbs.hu.edu.jo

Prof. Naim S. Ismail Editorin-Chief Hashemite
University Zarqa, Jordan
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Heavy Metals and Macroinvertebrate Communities in Bottom
Sediment of Ekpan Creek, Warri, Nigeria.
John O. Olomukoro* , Catherine N. Azubuike
Dept. of Animal and Environmental Biology, University of Benin,
P. M. B. 1154, Benin City, Nigeria.

Abstract
The macrobenthic fauna in bottom sediments of Ekpan
Creek was studied from January to June 2007. Analyzed
heavy metals were Lead, Iron, Zinc, Copper, and
Chromium. Variations in chemical parameters showed
that station 2 had the highest values recorded in all
parameters except for Iron and Zinc, where they were
higher at station 1. A total of 1135 individual organisms
were recorded. Nineteen (19) macroinvertebrate taxa
belonging to four major groups were identified. Mollusca
were the most dominant and constituted 92.51% density
occurrence, while insecta, crustacean, and polychaeta
constituted 1.94, 2.29, and 3.26% respectively. Diversity
varied at the study stations, with the highest taxa richness
recorded at station 1. Mollusca were positively
significantly correlated with lead (P < 0.05, r = 0.836),
and Zinc (P < 0.05, r = 0.96). Sorenson index indicates
similarity in species composition between the stations.

اﻟﺘﻠﺨﻴﺺ
ﺗﻤﺖ دراﺳﺔ اﻟﺤﻴﻮاﻧﺎت اﻟﻘﺎﻋﻴﺔ اﻟﻤﻮﺟﻮدة ﻓﻲ ﺧﻮر اآﺒﺎن ﻓﻲ اﻟﻔﺘﺮة ﻣﺎ
 وﺗﻢ آﺬﻟﻚ دراﺳﺔ ﺗﺮاآﻴﺰ اﻟﻤﻌﺎدن.2007 ﺑﻴﻦ آﺎﻧﻮن ﺛﺎﻧﻲ وﺣﺰﻳﺮان
.اﻟﺜﻘﻴﻠﺔ وﺗﺸﻤﻞ اﻟﺮﺻﺎص واﻟﺤﺪﻳﺪ واﻟﺰﻧﻚ واﻟﻨﺤﺎس واﻟﻜﺮوﻣﻴﻮم
 ﻓﻴﻬﺎ أﻋﻠﻰ اﻟﻨﺴﺐ ﻣﻦ2 وﺗﻮﺿﺢ اﻟﺘﺤﺎﻟﻴﻞ اﻟﻜﻴﻤﻴﺎﺋﻴﺔ ان اﻟﻤﺤﻄﺔ رﻗﻢ
اﻟﻤﻌﺎدن ﺑﺎﺳﺘﺜﻨﺎء اﻟﺤﺪﻳﺪ واﻟﺰﻧﻚ ﺣﻴﺚ آﺎن أﻋﻠﻰ ﻣﺎ ﻳﻤﻜﻦ ﻓﻲ اﻟﻤﺤﻄﺔ
 ﻧﻮﻋﺎ ﻣﻦ19  ﺣﻴﻮاﻧﺎ ﻓﻲ ﺗﻠﻚ اﻟﻔﺘﺮة ﺗﻨﺘﻤﻲ اﻟﻰ1135  وﻗﺪ ﺗﻢ ﺟﻤﻊ.1 رﻗﻢ
اﻟﺤﻴﻮاﻧﺎت اﻟﻘﺎﻋﻴﺔ ﻓﻲ ارﺑﻊ ﻣﺠﻤﻮﻋﺎت وهﻲ اﻟﺮﺧﻮﻳﺎت وﺗﺸﻤﻞ
 ﺑﻴﻨﻤﺎ ﺗﺸﻤﻞ اﻟﺤﺸﺮات واﻟﻘﺸﺮﻳﺎت وﻋﺪﻳﺪة اﻻﺷﻮاك.%92.51
 اﺧﺘﻠﻒ ﻣﻘﻴﺎس اﻟﺘﻨﻮع ﺑﻴﻦ. ﻋﻠﻰ اﻟﺘﺮﺗﻴﺐ%3.26 و%2.29و%1.94
 وﺗﺒﻴﻦ ﻣﻦ ﻣﺆﺷﺮ ﺳﻮرﺳﻦ ان.1 اﻟﻤﺤﻄﺎت وآﺎن اﻋﻼهﺎ ﻓﻲ اﻟﻤﺤﻄﺔ رﻗﻢ
.اﻟﺘﺸﺎﺑﻪ ﻓﻲ اﻻﻧﻮاع ﺑﻴﻦ اﻟﻤﺤﻄﺎت آﺒﻴﺮ
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1. Introduction

*

Benthic studies of the brackish aquatic environment in
Nigeria have been very scanty. The difficult terrain of the
creeks, creeklets, and estuaries has restrained many
ecologists from the survey of Nigerian coastal areas.
Olomukoro and Egborge(2003) investigated the
macrobenthic fauna of Warri River, and reported an array
of benthic organisms in their preliminary publication of
the fresh / brackish zones of the river catchment area. A
total of 138 macroinvertebrate taxa were reported from the
River, among the species collected are Diplogaster sp,
Naidium bilongata, Nais obstuse, Nais Simplex,
Placobdella monifera, Megapus sp., Mediopsis sp., Baetis
bicaudatus, and Procladius sp. The most dominant benthic
groups were Decapoda, Ephemeraoptera, Diptera, and
Mollusca.
Other notable works of interest were those of
Olomukoro and Victor(2001) on a tributary of Ikpoba
River, Hart and Chindah (1998), who identified 43 species
of benthos from the mangrove forest of the Bonny estuary,
Egborge and Okoi (1987) who reported on the biology of a
community swamp farm in Odetsekiri, Warri and Victor
and Onomivbori (1996) on the effects of urban

*
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perturbation on the benthic macroinvetebrates of a
southern Nigerian stream.
The structure of benthic communities in
running water ecosystem is determined by a dynamic array
of abiotic and biotic factors (Kumar, 1995, Austen and
Widdicombe 2006). Wharfe (1977) observed that the finer
clay/ silk particles had a higher water retaining capacities
(42 to 66% water content) compared with more coarse
sediments (28 to 49% content). The water retaining
capacity can be important for burrowing invertebrates
during periods of exposure. Olomukoro and Egborge, 2003
reported that species of polychaeta were restricted to a
particular station because their occurrence may be
governed by niche preference and feeding habit.
Polychaeta are also known to be tolerant to silting and
velocity of flow, than most groups of benthic organisms
(Bishop, 1973), as they are deposit feeders; and live in the
mud.
However, outstanding investigations, which deal with
the bottom fauna of some rivers in Southern Nigeria, have
also been studied (Victor and Dickson, 1985; Victor and
Ogbeibu, 1985; 1991; Olomukoro and Ezemonye, 2000;
Olomukoro, Ezemonye and Igbinosun, 2004).
Investigation of macrobenthic fauna of Ekpan-Creek
Warri has not been carried out.

2
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Figure1. Map of Warri Showing the Sampled Stations.

The bottom sediment fauna study is to provide baseline
information on which subsequent works would be based.
The objectives are to examine the composition, abundance,
diversity of benthos, and the heavy metals of the bottom
sediment of Ekpan Creek, Warri.
2.

Study Area

Ekpan Creek is located within Effurun-Warri of Delta
State in Southern Nigeria (Latitude 503011-503011 and
longitude 504011- 504411E). The Creek, which is about
12km long, takes its source from Effurun. It flows through
the city (westernly) into Tori Creek at NNPC Jetty, and
empties into Warri River at Bennet Island.
a.

Sampling Location

Three sampling stations were chosen (Figure1) for their
proximity to facilities, structures or human activities that
could potentially affect water quality and biodiversity.
Station I is located close to the creek source. Water depth
is 2.20 ± 3.74m, and the velocity of flow (1.07 ± 0.46m/S)
is minimal and the bank is flanked with red mangrove,
(Rhizophora racemosa), plantain tree (Musa sp.) and some
shrubs. This water is murky and turbid, and the substratum
is made of clay and mud. Human activities include fishing,
bathing, and laundry.
Station II is about 4km from station one. It is located at
the bridge, close to NNPC housing complex. Water depth
is 4.10 ± 7.72, and the flow rate (1.49 ± 0.11m/S) is faster
than station I. The substratum is a combination of sand,
silt, and clay. Marginal vegetation consists of Rhizophora

recemosa (red mangrove), few grasses. Human activities
include fishing, and the use of the water for construction.
Station III is located at the Chevron-Texaco company
bridge site, 5km from station II. The substratum is a
mixture of sand and silt. Water depth is 6.50 ± 8.46m/S,
and the velocity of flow is very fast, about 1.48 ± 0.14m/S.
Oil film dots the water surface.
3.

Material and Methods

a.

Sampling Techniques

Benthic samples were collected fortnightly from the
study stations from January to June 2007, using an Ekpan
grab operated by hand in shallow water. It is recommended
for sand and silt (Hynes, 1971). A 6-inch Ekman grab was
forced into the substratum to depth of 15-20cm. Contents
trapped by the grab were processed using the technique,
earlier described by Hynes 1971. Sieved and sorted
organisms were preserved in 4% formalin. Bottom
sediment samples were collected with grab at monthly
intervals in polythene bags for heavy metals analysis.
b.

Digestion and Sediment Analysis

Sediment samples were digested, using the nitric acid,
perchloric acid method (APHA 1997). An atomic
absorption spectrophotometer (model pycunicam sp. 2900)
was also used for the analysis of lead, Iron, Zinc, copper
and Chromium. Identification of organisms was possible
by using appropriate keys and works of Mellanby, 1963;
Needham & Needham, 1962; Pennak 1978, and
Olomukoro, 1996.
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4.

3

Results

a. SEDIMENT
The summary of the heavy metals concentration values
of the sediment of Ekpan creek study stations is presented
in Table 1.

Figure2. Monthly variation in iron concentrations in
Ekpan Creek.
Figure 4.Monthly variation in zinc concentrations in Ekpan Creek.

Figure 5.Monthly variation in copper concentrations in Ekpan
Creek.

Figure 3. Monthly variation in lead concentrations in
Ekpan Creek.
c.

Statistical Analysis

Biological indices, Margalef’s index (d); Shannon–
Weiner index (H), and Evenness E were used in the
calculation of taxa richness, general diversity. and
evenness (Green, 1971 and Robinson and Robinson,
1971). The faunal of the stations were compared. using
Sorenson’s quotient (Sorenson 1948) of similarities. Both,
the correlation coefficient of chemical variables and
benthic organisms were computed. ANOVA DUNCA
combined test was used in calculating the mean value of
the heavy metals of the stations. One way Analysis of
variance and Pearson’s correlation coefficient were used in
the statistical analysis of chemical variables at 5% level of
significance.

Figure 6. Monthly variation in chromium concentrations in Ekpan
Creek.

Iron and Zinc concentration values were higher in
January at stations II and I than in station III (Figs 2 and
3). The values of these metals ranged from 6.67 to 93.33
mg/kg and 1.21 to 19.60mg/kg in the stations.
However, the increases in Lead (ranged from 0.59 to
55.00mg/kg), Copper (0.47 to 23.30mg/kg) and Chromium
(02.02 to 54.74mg/kg) concentration values were high in
the month of March in all the stations, but very low in
May, particularly at station III (Figs. 4, 5 and 6)

4
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b.

Macrobenthic Invertebrate Fauna

A total of 19 macro invertebrate taxa comprising 1,135
individuals include 3 species of polychaeta, 1 species of

Decapoda, 3 species of Diptera, 1 species of Lepidoptera
and 11 species of Mollusca.

Table 1. The summary of chemical parameters in the three study stations of Ekpan Creek.
STATION 1

STATION 2

STATION 3

Parameter

Units

N

Mean ± S. E

Min - Max

Mean ± S. E

Min – Max

Mean ± S. E

Min – Max

Lead

mg/kg

6

8.52 ± 6.79

– 42.50

13.09 ± 8.44

1.30 – 55.00

4.85 ± 4.03

0.59 – 25.00

Iron

mg/kg

6

41.11 ± 8.93

16.67 – 70.00

58.39 ± 8.94

26.67 – 93.33

28.33 ± 9.10

6.67 – 66.67

Zinc

mg/kg

6

9.16 ± 2.29

4.87 – 19.60

10.58 ± 1.43

6.96 – 15.30

4.78 ± 1.85

1.21 – 12.70

Copper

mg/kg

6

6.26 ± 2.93

0.69 – 20.30

8.67 ± 3..21

1.59 – 23.30

4.22 ± 2.05

0.47 – 14.00

Chromium

mg/kg

6

16.51 ± 6.49

2.98 – 43.16

21.79 ± 9.10

4.00 – 54.74

14.89 ± 6.86

2.02 – 37.89

Figure 7. Monthly variation in the distribution of macrobenthic invertebrate groups.
The overall taxa composition, distribution, and
abundance of macrobenthic invertebrates collected during
the study period are presented in Table 2. Individuals
organisms were dominated by Mollusca, which constituted
92.51% density occurrence, while polychaeta, crustacea
and insecta made up of 3.26, 2.29 and 1.94% respectively
Table 3. as also found in station 2.
Ampullariidae (Pilidae) had Pila ovata at station 3 in
the month of February as a single record.
Assimineidae was represented by the Assiminea hessei
Polychaeta
was
represented
by
Namanereis
hawaiiensis, Lycastopsi sp and Nereis sp. This was
represented in the months of March, June, January, April,
and May in all the stations (Figure 7)
Potamalpheops monodi
(Apheidae,
Crustacea)
occurred in all stations with highest occurrence in station I,
and it was recorded in February, March, and June (Figure
7).
Chironomidae (Diptera) was represented by
Chironomus sp. Tanytarsus sp. and Tanypus sp., and were
recorded in all stations in February, March, April, and
June.
A single Lepidopteran larva was found in the month of
February in station 2.

Gastropoda recorded in the Creek consists of five
families viz Neritidae, Hydrobiidae., Potamididae, Pilidae,
and Assimineidae. Neritidae was represented by Neritina
glabrata and Nerita senegalensis, and was recorded in all
stations throughout the sampling period (Figure 7).
Hydrobiidae has its highest occurrence in station 2,
although it was recorded in all the sampling stations in
February and March. Representatives of this group are
Hydrobia sp., Potamopyrgus sp. and Argyronecta aquatica
(Figure7). Potamididae (Tympanotonus sp) w in station 3
in the month of March.
Lamelibranchia (Ancylidae) was represented by
Macoma cumana. It occurred in all stations in the months
of January, February, and May (Figure 7).
i. Diversity
Figure 8 shows taxa richness (D), Shanon – Weinner’s
index (H), and Evenness (E) estimated for the study
stations. The highest taxa richness was recorded in station
1, while the least was recorded in station 3.
Figure 9 shows spatial and temporal variation in
species richness of benthic macroinvertebrates in the study
area. The highest general diversity was recorded in station
3 while the least in Station 2. Also the highest evenness
was recorded in station 3, and the least was in station 2.

5

© 2009 Jordan Journal of Biological Sciences. All rights reserved - Volume 2, Number 1

The faunal similarity showed that all the three stations
were similar in species composition, but the highest
similarity was between stations II and I, and the lowest
was between III and II (Table 4).
ii. Correlation Coefficient Analyses
The correlation coefficient analyses of Mollusca
variables and chemical parameters of station 1 were
computed. Mollusca were inversely insignificantly
correlated with chromium, but positively insignificantly
correlated with copper. However, they were positively
significantly correlated with lead (P < 0.05, r = 0.836), and
Zinc (P < 0.05, r = 0.96) but inversely significantly
correlated with iron (P < 0.05, r = -0.58).
Table 2. Composition, Distribution and Abundance of
Macrobenthic Invertebrates in Ekpan Creek, Warri January – June
2007.
STATION 1 STATION 2STATION 3
POLYCHAETA
Namanereis hawaiiensis

1

Lycastopsi sp

1

2

Nereis sp

10

11

Table 3. Percentage abundance of species and individuals of the
major groups.

DECAPODA
Potamalpheops monody

22

1

3

DIPTERA
Chironomus sp

3

Tanytarsus sp

2

Tanypus sp

2

2

10

1

LEPIDOPTERA
Lepidopteran larvae

2

ARCHAEOGASTROPODA
Neritina glabrata

14

69

72

Nerita senegalensis

5

20

18

MESOGASTROPODA
Hydrobia sp

4

Potamopyrgus sp
Potamopyrgus ciliatus

1
87

103

22

Tympanotonus furscatus
radula

138

271

85

Tympanotonus furscatus
furscatus

5

64

36

Argyronecta aquatica

5.

some aquatic studies (Gibbs, 1977; Ezemonye 1992).
Metal enrichment of sediment is reflected by the
sedimentation of metals ions when they compete with H+
ions sorption sites in the aquatic environment (Oguzie,
2002). The physical process in the area could help the
release of solutions rich in heavy metals into the bottom
sediment of the creek, similar to what was reported for
Canadian waters by Sly (1977). These metals, according to
Edginton and Callender (1970) and Choa (1977), have
high content of detrital mineral bonds and forms
complexes that’s precipitate at river bottom.
The high concentration of iron in the sediment might
suggest the influx of industrial effluents. The observed
higher concentration of heavy metals such as iron, zinc,
and chromium in the sediment at the stations during the
dry season than the rainy season shows the possible
dilution effects by run-off. Thus there was a clear pattern
of seasonal variation. However, lead and copper did not
reflect the two seasons; they fluctuated throughout the
duration of the study.

1

Groups

Taxa

% Taxa

Individual

% Individual

Polychaeta

3

15.79

37

3.26

Crustacean

1

5.26

26

2.29

Insecta

4

21.05

22

1.94

Mollusca

11

57.89

1050

92.51

Macrobenthic fauna of Ekpan creek appear to be
unique in its community structure. A total number of 1,
135 individuals, belonging to four major groups of
organisms, included polychaeta (3 taxa), crustaceans (1
taxon), insecta (4 taxa) and Mollusca (11 taxa). The low
number of taxa recorded is not surprising. According to
Victor and Victor (1992), the number of taxa in brackish
waters has been known to be fewer than that of freshwater
and marine habitat. The configuration of immediate
substrate of occupation, both as a refuge and more
critically, as a source of food, is often the paramount factor
governing distribution of macroinvertebrate fauna, and the
bottom sediment of aquatic ecosystems are known to serve
as shelter for macrobenthic invertebrates and direct or
indirect food source for detritus and grazers (Bishop,
1973).
Table 4. Faunal similarities in the study stations of Ekpan Creek,
Warri.
STATION I

STATION II

STATION III

STATION I

*

81.48

72.00

Pila ovata

1

Assiminea hessei

2

STATION II

81.48

*

69.23

STATION III

72.00

69.23

*

Macoma cumana

9

2

21

Total

302

559

274

Discussion

The high heavy metals concentration in the bottom
sediment of Ekpan creek confirms the previous reports on

6
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Recorded Polychaetes, except for Nereis sp, were
restricted to station 1 and 11, which have muddy bottom
compared to the more sandy station III. The restriction of
these species is known to be associated with muddy
substratum rich in organic matter (Carter, 1981). They
are also deposit feeders and are known to be tolerant to
silting and velocity of flow than most groups of benthic
organisms (Bishop, 1973).

Figure 8. Diversity of macrobenthic invertebrates in the
study stations.

Figure 9. Spatial and temporal variation in species richness of benthic macroinvertebrate in the study area.
High abundance and distribution of mollusc in Ekpan
creek could be attributed to the level of pH in the creek.
Slight decrease in acidity and the corresponding slight
increase in alkalinity may account for the abundance of
mollusc. Beadle (1994), has reported that acidity is one of
the major factors limiting the distribution of the mollusc in
water bodies and in support of this, Nwadiaro (1984),
reported that the distribution of mollusc in the lower Niger
Delta was limited to the neutral to slightly alkaline
brackish water zone. Of all the molluscan recorded in this
study, six species; Neritina glabrata, Nerita senegalensis,
Potamopyrgus ciliatus, Tympanotonus furscatus radula,
Tympanotonus furscatus furscatus and Macoma cumana
were present in all the stations. Mollusca were positively
significantly correlated with lead, and zinc.
The distribution pattern of insecta shows that they were
restricted to stations 1 and 2. Awachie (1981) observed
that the Insecta usually does not show habitat restrictions,
but the dominance of chironomids at station 2 compared to
other stations may indicate pollution stress in the station.
The crustaceans were represented by single specie,
Potamalpheops monodi. This was mostly found at station
1 and its abundance in that station may be due to factors
other than food and shelters.

The seasonal variation of the macroinvertebrates
reveals that, mollusca occurred in all the months. They
were more abundant in the months of January to March
(dry season) compared to April to June (rainy season).
Other species occurred randomly throughout the duration
of the study.
6.

Conclusion

The effects of human activities on heavy metals
concentration values were predominant during the dry
season, and much of water dilution in the rainy season
lowered the concentrations of metals. On the abundance
and diversity of invertebrates, only few representative taxa
of Polychaeta, Lepidoptera, Diptera, and Mollusca were
recorded in the bottom sediment of the creek.
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Abstract
This study was designed to evaluate the cytotoxic effect
of aqueous Datura stramonium leaf extract on different
human cancer cell lines in vitro. Breast (MDA-MB231),
head, neck (FaDu), and lung (A549) cancer cell lines
were treated with 1 mg/ mL of Datura aqueous extract
for 24 and 48 hours. Exposure of MDA-MB231 and
FaDu cells to the extract for 24 hours resulted in a
significant decrease in cell survival. Same effect was
seen with all cell lines exposed to the Datura aqueous
extract for 48 hours. Treatment with Datura aqueous
extract also caused perturbations in parameters indicative
of oxidative stress, including increased glutathione
disulfide (GSSG) in FaDu cells treated for 48 hours.
Additionally, an increase on the redox sensitive enzymes
was seen in MnSOD and HO-1 on A549 cells, treated
with Datura aqueous extract for 24 and 48 hours. The
results may suggest therapeutic potential of Datura
aqueous leaf extract for the treatment of different types
of cancer. Further investigations are needed to verify
whether this cytotoxic effect occurs in vivo.

اﻟﻤﻠﺨﺺ
ﺻﻤﻤﺖ هﺬﻩ اﻟﺪراﺳﺔ ﻟﺘﻘﻴﻢ ﻣﺪى ﺳﻤﻴﺔ اﻟﻤﺴﺘﺨﻠﺺ اﻟﻤﺎﺋﻲ ﻷوراق ﻧﺒﺘﺔ
( ﻋﻠﻰ اﻟﻌﺪﻳﺪ ﻣﻦ ﺳﻼﻻتDatura stramonium) اﻟﺪاﺗﻮرة اﺳﺘﺮاﻣﻮﻧﻴﻮم
 ﻟﺘﺤﻘﻴﻖ هﺬا اﻟﻬﺪف ﻗﻤﻨﺎ ﺑﺘﻌﺮﻳﺾ ﺧﻼﻳﺎ, ﺧﻼﻳﺎ اﻹﻧﺴﺎن اﻟﺴﺮﻃﺎﻧﻴﺔ
( وﺳﺮﻃﺎنFaDu)  اﻟﺮأس واﻟﺮﻗﺒﺔ,(MDA-MB231) ﺳﺮﻃﺎن اﻟﺜﺪي
 ﻣﻐﻢ\ﻣﻞ( ﻣﻦ ﻣﺴﺘﺨﻠﺺ هﺬﻩ1) ( ﻓﻲ اﻟﻤﺨﺘﺒﺮ ﻟﺘﺮآﻴﺰA549) اﻟﺮﺋﺔ
. ﺳﺎﻋﺔ48 و24 اﻟﻨﺒﺘﺔ ﻟﻤﺪة
 ﻟﻠﻤﺪةFaDu وMDA-MB231 اﺗﻀﺢ ﻣﻦ اﻟﻨﺘﺎﺋﺞ اﻧﻪ ﺑﻌﺪ ﺗﻌﺮض ﺧﻼﻳﺎ
 وﻗﺪ ﺗﻢ ﻣﻼﺣﻈﺔ ﻧﻔﺲ,  ﺳﺎﻋﺔ اﻧﺨﻔﺎض ﻣﻠﺤﻮظ ﻓﻲ ﻋﺪد اﻟﺨﻼﻳﺎ اﻟﺤﻴﺔ24
48 اﻟﺘﺄﺛﻴﺮ ﻋﻠﻰ ﺟﻤﻴﻊ أﻧﻮاع اﻟﺨﻼﻳﺎ ﺑﻌﺪ ﺗﻌﺮﺿﻬﺎ ﻟﻠﻤﺴﺘﺨﻠﺺ ﻟﻤﺪة
.ﺳﺎﻋﺔ
وأﺳﻔﺮ ﻣﻌﺎﻟﺠﺔ اﻟﺨﻼﻳﺎ اﻟﺴﺮﻃﺎﻧﻴﺔ ﺑﻬﺬا اﻟﻤﺴﺘﺨﻠﺺ ﺑﺎﺿﻄﺮاﺑﺎت ﻓﻲ
ﻣﻌﺎﻳﻴﺮ ﺟﻬﺪ اﻷآﺴﺪة ﺑﻤﺎ ﻓﻲ ذﻟﻚ زﻳﺎدة ﻧﺴﺒﺔ اﻟﺠﻠﻮﺗﺎﺛﻴﻮن اﻟﻤﺆآﺴﺪ
 ﺑﺎﻹﺿﺎﻓﺔ إﻟﻰ زﻳﺎدة إﻧﺰﻳﻤﺎت, (glutathione disulfide (GSSG))
. HO-1 ,MnSOD ﺟﻬﺪ اﻷآﺴﺪة ﻣﺜﻞ
ﺗﺸﻴﺮ هﺬﻩ اﻟﻨﺘﺎﺋﺞ إﻟﻰ أﻧﻪ ﻳﻤﻜﻦ إﺳﺘﺨﺪام اﻟﻤﺴﺘﺨﻠﺺ اﻟﻤﺎﺋﻲ ﻷوراق ﻧﺒﺘﺔ
 ( ﻟﻌﻼج أﻧﻮاع ﻣﺨﺘﻠﻔﺔ ﻣﻦstramonium Datura ) اﻟﺪاﺗﻮرة اﺳﺘﺮاﻣﻮﻧﻴﻮم
اﻟﺴﺮﻃﺎن ﻓﻲ اﻹﻧﺴﺎن ﺑﻌﺪ إﺟﺮاء اﻟﻤﺰﻳﺪ ﻣﻦ اﻟﺘﺠﺎرب ﻟﻤﻌﺮﻓﺔ ﺣﻴﺜﻴﺔ
. ﻋﻤﻞ هﺬا اﻟﻤﺮآﺐ ﻓﻲ اﻹﻧﺴﺎن
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1.2. Oxidative Stress
1. Introduction

*

1.1. Plant
Datura stramonium, more commonly known as jimson
weed or thorn apple, is a wild-growing flowering plant
belonging to the family Solanaceae and is a medicinal
plant with antinociceptive (Abdollahi et al., 2003)
antioxidant (Couladis et al., 2003), hypolipidemic (Rasekh
et al., 2001), anti-inflammatory, anti-rheumatoid (Tariq et
al., 1989), and hypoglycemic (Gharaibeh et al., 1988)
properties. Therefore, this study was carried out to
evaluate the therapeutic potential of the aqueous Datura
stramonium leaf extract in the treatment of different types
of cancer.

*

Corresponding author. iman_maher@yahoo.com.

Mammalian cells continuously produce reactive
oxygen species (ROS) through various metabolic
pathways. Reactive oxygen species are molecules that
contain oxygen and have higher reactivity than groundstate molecular oxygen. These species include not only the
oxygen radicals (like O2•-, •OH, and peroxyl radicals), but
also non-radical molecules such as H2O2 and 1O2.
Superoxide is formed during the reduction of O2 by the
mitochondrial electron transport system (Boveris and
Cadenas, 1982). Eukaryotic cells are equipped with an
antioxidant system capable of converting ROS to H2O via
different cytosolic enzymes. Oxidative stress results when
the balance between the production of ROS exceeds the
antioxidant capability of the target cell. It is generally
thought that low levels of ROS are not harmful to cells,
and indeed even perform useful signaling functions,
whereas high levels of ROS are detrimental through
covalent reactions with cellular proteins, lipids, and DNA
that results in altered target molecule function. The
accumulation of oxidative damage has been implicated in
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both acute and chronic cell injury, including possible
participation in the formation of cancer. Acute oxidative
injury may produce selective cell death or sublethal injury,
such as mutations, chromosomal aberrations or
carcinogenesis (McCord et al., 1971; Klaunig et al., 1998).
In contrast, chronic oxidative injury may lead to a nonlethal modification of normal cellular growth control
mechanisms. Cellular oxidative stress may modify
intracellular communication, protein kinase activity,
membrane structure and function, and gene expression,
and it may result in modulation of cell growth (Klaunig et
al., 1998).
Cells are protected against oxidative stress by different
intracellular antioxidant compounds, mainly Glutathione
(GSH) and thioredoxin, and by other antioxidant enzymes
such as superoxide dismutase (SOD), catalase, glutathione
peroxidase (GPx), and heme oxygenase-1 (HO-1) (Tsan,
1989; Guo et al., 2001).These antioxidant enzymes were
shown to be up-regulated by various physical, chemical,
and biological agents and oxidative stress (Tsan, 1989,
Wong et al., 1989; Bianchi et al., 2002).
Little information is available on the antioxidant or prooxidant properties of the herbal preparations of Datura
stramonium. The purpose of this study was to evaluate the
therapeutic potential of aqueous leaf extract of this plant in
the treatment of cancer in vitro.
2. Material and Methods
2.1. Cell Culture
Breast (MDA-MB231) cells were routinely kept in
RPMI 1640 medium supplemented with 10% fetal bovine
serum, and head, neck (FaDu), and lung (A549) cancer cell
lines were routinely kept in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal bovine
serum. All cells were obtained from the European
Collection of Cell Cultures (ECACC) and were kept at 37
°C in a humidified 5% CO2 incubator.
2.2. Preparations of Extract
Datura stramonium, a wild-growing flowering plant
belongs to the family Solanaceae, was collected during the
flowering period in August 2005 in Jordan. The leaves
were separated and dried in the shade in green house for
several days; and was deposited in the Herbarium of the
Department of Biology at the Hashemite University. The
procedure was as follows: Leaf part of Datura stramonium
(150g) of dried plant was ground and the obtained powder
was mixed with 1 L of boiling distilled water for 1 hour.
The obtained mixture was filtered twice through a funnel
by using suction pump. Water was concentrated under
vacuum by using a rotary evaporator at a temperature of
50°C. The extract was evaporated under a reduced
pressure till it dried by using a lyophilizer (or by using
fume hood). The extract was stored in glass flasks to
protect them from humidity and light. 1 mg/ mL of the
extract was prepared by dilution of the stock with sterile
phosphate-buffered saline (PBS) solution.
2.3. Cell Survival Experiments
Cells were plated in 60 mm tissue culture dishes at low
density (300 per dish) and grown for 3 days in the
presence of antibiotics (Gentamycin). At the beginning of

each experiment, the cells were placed in DMEM or
RPMI-1640 supplemented with 10% fetal bovine serum.
Control cultures were treated identically. Cells were then
treated with Datura aqueous extract (1 mg/mL). Cultures
were then placed in an incubator. At each time point (24
and 48 hours), cells were trypsinized, counted, diluted,
and plated at low density (300-1000 per plate) for
clonogenic cell survival assay as previously described
(Spitz et al., 1990). Surviving colonies were fixed and
stained with Coomassie Blue stain after 14 days of
incubation; and were counted under a dissecting
microscope. Colonies containing 50 cells or more were
scored.
2.4. Measurement of Glutathione Levels
The intracellular levels of reduced glutathione (GSH)
and GSSG in cancer cells were measured. Total
glutathione content was determined according to
(Anderson, 1985). The total intracellular GSH was
determined by the colorimetric reaction of DTNB (5, 5dithio-bis- (2-nitrobenzoic acid)) with GSH to form TNB
(5-thio-2-nitrobenzoic acid). The rate of formation of
TNB, which is proportional to the total GSH concentration
(GSH + GSSG), was measured spectrophotometrically at
412 nm. Cellular GSSG is reduced to GSH by glutathione
reductase (GR), using NADPH as a cofactor. Briefly, cell
pellet was lysed in 5 % 5-sulfosalicylic acid (SSA); the
total GSH was measured by mixing 50 μL sample with
100 μL water, 700 μL working buffer [0.298 mM NADPH
in stock solution (0.143 M sodium phosphate, 6.3 mM
EDTA)], and 100 μL DTNB (6 mM DTNB in stock
solution). The assay was initiated by the addition of 50 μL
GR (266 U/mL), and the rate of TNB formation was
followed spectrophotometrically at 412 nm, every 15
seconds for 2.5 min. The total GSH of a sample was
extrapolated from a standard curve of glutathione
concentration as a function of the change in absorbance
over time. The cellular GSSG level was determined using
the same DTNB assay when the reduced GSH is masked
by 2-vinylpyridine (2-VP) (Griffith, 1980). 2-VP (2 μL of
a 50% solution in EtOH per 50 μL aliquot of media) was
added to 30 μL of sample for 1.5 h to block all reduced
GSH, and then 30 μL SSA were added, and this was
subjected to DTNB assay as described for total GSH. GSH
was determined by subtracting the GSSG content from the
total GSH content. All biochemical determinations were
normalized to the protein content using the Bradford
method (Bradford, 1976).
2.5. Western Blotting Analysis
Cell lines were grown to near confluence, washed with
ice-cold PBS, and then collected by scraping and
centrifugation. Cells were lysed by sonication in 10 mM
phenylmethanesulphonylfluoride
or
phenylmethylsulphonyl fluoride (PMSF). The cell lysates
were then mixed with one volume of 2X sample buffer
containing 6% SDS and 10% mercaptoethanol, denatured
by heating to 95ºC for 5 min, and separated on 3%
acrylamide stacking, and 12% Laemmli running gels for
SDS polyacrylamide gel electrophoresis. After separation,
the proteins were electrophoretically transferred to
nitrocellulose membranes (Bio Rad, Hercules, CA). The
membrane was blocked with 5% skim milk in TBST (Tris
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buffered saline with 0.1% Tween) for 1 hr, and then
incubated with the primary antibody for 1–2 hr. The blot
was washed with TBST and incubated with secondary
antibody (horseradish peroxidase-conjugated anti-IgG
(Amersham Pharmacia Biotech, Inc., Piscataway, NJ). The
immuno-reactive protein was detected using an enhanced
chemiluminescence (ELC) detection kit (Amersham
Pharmacia Biotech, USA). Primary antibodies were antiHeme Oxygenase-1 (Stressgen Biotech Serologies, USA),
and Rabbit anti-MnSOD (kind gifts from Dr. Larry
Oberley, University of Iowa, USA).
2.6. Statistical Analysis
All results are expressed as mean ± 1 standard
deviation (S.D). Student’s t test was employed (p<0.05)
for two groups analysis.

Figure 1. Clonogenic cell survival showed increased susceptibility
of human cancer cells (MDA-MB231 and FaDu) to Datura
aqueous leaf extract -induced cytotoxicity.
Cells were grown for 24 hours in RPMI (MDA-MB231) and
DMEM (FaDu and A549) medium in the presence of 1mg/mL
Datura aqueous leaf extract. Error bars represent ±1 SD of the
mean of N=3 experiments performed with at least three cloning
dishes taken from one treatment dish. Asterisks indicate
significant differences between treated group and their prospective
control (p<0.05, t-test, n = 3). Data were normalized to shamtreated cultures from each cell line.

3. Results
3.1. Datura Aqueous Leaf Extract -Induced Cytotoxicity
and Oxidative Stress in Human Cancer Cell Lines
A variety of human cancer cells derived from breast
(MDA-MB231), head and neck (FaDu), and lung (A549)
human cancer cell lines were exposed for 24 and 48 hours
to Datura aqueous leaf extract and clonogenic cell survival
as well as parameters indicative of oxidative stress were
assayed. MDA-MB231 and FaDu cells significantly
enhanced (p<0.05) clonogenic cell killing following 24
hours exposure to the extract, relative to each respective
control (Figure 1). However, A549 cells were found to be
resistant to cell killing induced by exposure to the extract
for 24 hours. Some variability in responses between the
cell lines was also noted with MDA-MB231 showing 40%
killing, and FaDu showing 65% cell killing during 24
hours of Datura aqueous leaf extract exposure (Figure 1).
Exposure of these cells to the extract for 48 hours showed
that all cancer cell lines were sensitive to cell killing
induced by Datura aqueous leaf extract exposure with
some variability (p<0.05) (Figure 2). MDA-MB231
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showing 61% killing, FaDu showing 63% cell killing, and
A549 showing 22% cell killing during 48 hours of Datura
aqueous leaf extract exposure. Figure 3 shows the results
of the glutathione analysis done on co-cultures obtained
from the same experiments, shown in Figure 1 and 2.
Glutathione is a major intracellular redox buffer such that
the ratio of GSH to GSSG can be used as a reflection of
intracellular redox status (Schafer et al., 2001). Exposure
of FaDu cells for 24 and 48 hours to Datura aqueous leaf
extract caused a ~2-fold increase in total GSH and GSSG
as well, whereas a minimal change was seen in MDAMB231 exposed to Datura aqueous leaf extract for 24
hours. However, A549 cells exposure to Datura aqueous
extract for 24 or 48 hours did not seem to significantly
alter GSSG level (Figure 3 A, B).

Figure 2. Clonogenic cell survival showed increased susceptibility
of human cancer cells (MDA-MB231, FaDu and A549) to Datura
aqueous leaf extract -induced cytotoxicity.
Cells were grown for 48 hours in medium in the presence of
1mg/mL Datura aqueous leaf extract. For more details, see legend
of Figure 1.

3.2. Datura Aqueous Leaf Extracts Activity and
Antioxidants Levels
The protein level of antioxidant enzymes MnSOD and
HO-1 was determined by immunoblotting. As shown in
Figure 4, there was a significant (P<0.05) increase in the
protein expression of MnSOD and HO-1 in A549 cells
exposed to 1mg/mL of Datura aqueous leaf extract for 24
& 48 hours, while no changes were seen in MDA-MB231
and FaDu cells. These results explain the resistance of
A549 cells to cell killing–induced by the Datura aqueous
leaf extract for 24 hours and the minimal toxicity seen for
48 hours.
4. Discussion
It has been reported that all parts of the plant Datura
stramonium are poisonous if ingested by humans or
livestock (Radford et al., 1964). However, it could be used
for medicinal purposes (King 1984, Mann 1992). The
effect of Datura extracts on the oxidative stress has not
been studied well. In this study, we investigated the toxic
effect of Datura stramonium aqueous leaf extract on
different cancer cells and how this exposure might affect
the oxidant/antioxidant status of the cells.
Using clonogenic assay, and after incubation for 24
hours, both MDA-MB231 and FaDu cells showed
significantly reduced growth (P<0.05) when compared to
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MnSOD
HO-1
1

(a)

(b)
Figure 3. Effect of Datura aqueous leaf extract on total GSH (a)
and GSSG levels (b) in human cancer cells (MDA-MB231, FaDu,
and A549). Cells were treated with 1 mg/mL Datura aqueous leaf
extract for 24 and 48 hours. Cells were then harvested for
glutathione analysis, using the spectrophotometric recycling
assay. For more details, see legend of Figure 1.

control. The situation was different with A549 cells
(Figure 1). The killing ability of the Datura aqueous leaf
extract could be attributed to the imbalance of the internal
oxidant/antioxidant capability of the cells caused by this
exposure. This can be seen clearly by the level of GSSG
changes in FaDu cells. Taken together, the data in Figure 1
and 2 suggest that the cytotoxic effect of the extract in
FaDu cells was mediated by disruptions in thiol
metabolism consistent with oxidative stress. Although, the
extract exposure in MDA-MB231 induced significant
cytotoxicity, the level of GSSG was not highly upregulated. This indicates that the extract might have
induced different mechanism of cytotoxicity (proapoptotic characteristics). Further studies are still to be
done. The higher levels of GSH in A549 cells could be
protecting cells from oxidative stress induced by Datura
aqueous leaf extract exposure for 24 hours (Figure 3).
Upon 48 hours exposure, the picture was different. The
level of oxidative stress induced by exposure conditions
was causing more killing in the three cell lines. Again
looking at the GSH levels, it is clear that exposure to the
extract induced GSH response to lesser extent this time.
The inability of cells to induce more GSH production
could be due to the toxic effect of the Datura aqueous leaf
extract.
GSH and GSSG are the major redox pair involved in
cellular redox homeostasis. A change in the cellular GSH
or GSSG is regarded as a representative marker for
oxidative stress; and is directly responsible for the
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Figure 4. Datura aqueous extract produced an increase in MnSOD
and HO-1 protein in A549 cells. The effect of Datura aqueous
leaf extract on the redox sensitive enzymes MnSOD and HO-1 for
24 h and 48 hours, using immunoblot determination technique in
MDA-MB231, FaDu and A549 cells. Lane 1, MDA-MB231
control; Lane 2, FaDu cells control; Lane 3, A549 cells control;
Lane 4, 5, and 6, MDA-MB231, FaDu and A549 cells treated for
24 hours with the extract respectively; Lane 7, 8, and 9, MDAMB231, FaDu and A549 cells treated for 48 hours with the
extract, respectively.

perturbation of cellular function (Schafer et al., 2001).
This includes activation of antioxidant defense pathways,
as well as induction of cytotoxic responses.
Our results above motivsted us to study the expression
of certain antioxidant enzymes such as: MnSOD and HO1. As we can see the levels of MnSOD or HO-1 were not
changed upon exposure to the Datura aqueous leaf extract
in both MDA-MB231 and FaDu cells, whereas A549 cells
showed clear up-regulation on both 24 and 48 hours
exposure (Figure 4). This interesting result shows that
different cancer cells have different inherent response to
oxidative stress. This response will affect the ability of
different cancer cells to respond to compounds and
chemicals that can induce oxidative stress. Studying signal
pathways, involved in different activation processes, could
evolve and explain the different responses seen.
In this study, we have demonstrated that Datura
stramonium aqueous leaf extract induced oxidative stress
in different human cancer cell lines. In response, these
cells exhibit up-regulating the expression of certain
antioxidant compounds and enzymes such as: GSH, HO-1
and SOD. Further studies are still needed to explore the
effect of Datura aqueous leaf extract on the signaling
pathways involved.
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Abstract
An insecticide containing azadirachtin, a tree
(Azadirachta indica) extract, was tested against Culex
pipiens mosquito larvae and pupae in east of the
Republic of Algeria under laboratory conditions. First,
after treatment of larval stage, LC50 and LC90 values for
Azadirachtin were 0.35 and 1.28 mg/L in direct effect
and 0.3-0.99 mg/l in indirect effect, respectively. Second,
after treatment of the pupal stage, the LC50 and LC90 in
direct effect were measured as 0.42 -1.24mg/l and in
indirect effect was 0.39mg/l-1.14mg/l respectively.
Mosquito adult fecundity were markedly decreased and
sterility was increased by the Azadirachtin after
treatment of the fourth instar and pupal stage. The
tretment also prolonged the duration of the larval stage.
The results show that the Azadirachtin is promising as a
larvicidal agent against Culex pipiens, naturally ocurring
biopesticide could be an alternative for chemical
pesticides.

اﻟﻤﻠﺨﺺ
 اﻟﻤﺴﺘﺨﻠﺺAzadirachtin ﺗﻨﺎول هﺬا اﻟﺒﺤﺚ دراﺳﺔ ﺗﺄﺛﻴﺮ ﻣﺒﻴﺪ ﻧﺒﺎﺗﻲ
 ﻋﻠﻰ ﻳﺮﻗﺎت وﻋﺬارى اﻟﺒﻌﻮض ﻓﻲ، Azadirachta indica ﻣﻦ ﺷﺠﺮة
 ﺣﻴﺚ ﺣﺴﺒﺖ اﻟﺠﺮﻋﺔ،ﺷﺮق ﺟﻤﻬﻮرﻳﺔ اﻟﺠﺰاﺋﺮ ﻓﻲ ﺷﺮوط اﻟﻤﺨﺘﺒﺮ
( LC90 )  ( واﻟﺠﺮﻋﺔ اﻟﻤﻤﻴﺘﺔ ﻟﺘﺴﻌﻴﻦ ﺑﺎﻟﻤﺌﺔLC50) اﻟﻤﻤﻴﺘﺔ ﻟﻠﻨﺼﻒ
 وهﻲ أآﺜﺮ اﻟﻌﻮاﻣﻞ ﻧﻘﻼ ﻟﺒﻌﺾCulex pipiens ﺑﺎﻟﻨﺴﺒﺔ ﻟﺒﻌﻮض
ﺣﻴﺚ ﻗﺪرت ﺑﻌﺪ ﻣﻌﺎﻣﻠﺔ، اﻷﻣﺮاض اﻹﻟﺘﻬﺎﺑﻴﺔ ﻋﻠﻰ اﻟﺼﻌﻴﺪ اﻟﻤﺤﻠﻲ
ل هﺬا ﺑﺎﻟﻨﺴﺒﺔ/ﻣﻠﻎ1.28 =LC90ل و/  ﻣﻠﻎ0.35= LC50 اﻟﻄﻮر اﻟﺮاﺑﻊ
0.99 ل و/ ﻣﻠﻎ0.30  أﻣﺎ اﻟﺘﺄﺛﻴﺮ اﻟﻐﻴﺮ ﻣﺒﺎﺷﺮ ﻓﻜﺎﻧﺖ،إﻟﻰ اﻟﺘﺄﺛﻴﺮ اﻟﻤﺒﺎﺷﺮ
 أﻣﺎ ﻋﻨﺪ ﻣﻌﺎﻣﻠﺔ ﻃﻮر اﻟﻌﺬراء آﺎﻧﺖ اﻟﻨﺘﺎﺋﺞ ﺑﺎﻟﻨﺴﺒﺔ،ل ﻋﻠﻰ اﻟﺘﻮاﻟﻲ/ﻣﻠﻎ
ل( أﻣﺎ/ﻣﻠﻎ1.24 =LC90)ل و/  ﻣﻠﻎ0.42= LC50) ﻟﻠﺘﺄﺛﻴﺮ اﻟﻤﺒﺎﺷﺮ
.ل ﻋﻠﻰ اﻟﺘﻮاﻟﻲ/ ﻣﻠﻎ1.14 ل و/ ﻣﻠﻎ0.39 اﻟﺘﺄﺛﻴﺮ اﻟﻐﻴﺮ ﻣﺒﺎﺷﺮ ﻓﻜﺎﻧﺖ
آﺬﻟﻚ ﻟﻮﺣﻆ اﻧﺨﻔﺎض آﺒﻴﺮ ﻓﻲ ﻧﺴﺒﺔ اﻟﺨﺼﻮﺑﺔ وزادة ﻣﺆﺷﺮ اﻟﻌﻘﻢ
 وزﻳﺎدة، ﻟﻺﻧﺎث اﻟﻨﺎﺗﺠﺔ ﻋﻦ ﻣﻌﺎﻣﻠﺔ اﻟﻄﻮر اﻟﺮاﺑﻊ واﻟﻌﺬارى ﻟﻠﺒﻌﻮض
 ﺣﻴﺚ ﻧﻘﻮل ﻓﻲ اﻷﺧﻴﺮ أﻧﻪ ﻳﻤﻜﻦ اﺳﺘﻌﻤﺎل هﺬا اﻟﻤﺒﻴﺪ.ﻓﻲ ﻣﺪة اﻟﻄﻮر
.آﻤﺒﻴﺪ ﻃﺒﻴﻌﻲ ﺑﺪل اﻟﻤﺒﻴﺪات اﻟﻜﻴﻤﻴﺎﺋﻴﺔ
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1. Introduction

*

The Meliaceae plant family is known to contain a
variety of compounds that show insecticidal, antifeedant,
growth-regulating, and development-modifying properties
(Nugroho et al., 1999; Greger et al., 2001; D'Ambrosio and
Guerriero, 2002; Nakatani et al., 2004). Melia azedarach
L. and Azadirachta indica (Sapindales: Meliaceae),
commonly known as Chinaberry or Persian lilac tree, are
deciduous trees that are native to northwestern India; and
have long been recognized for their insecticidal properties.
These trees typically grow in the tropical and subtropical
parts of Asia, but nowadays they are also cultivated in
other warm regions of the world because of their
considerable climatic tolerance. Fruit extracts of Melia
azedarach and Azadirachta indica elicit a variety of
effects in insects such as antifeedant, growth retardation,
reduced fecundity, moulting disorders, morphogenetic
defects, and changes of behavior (Schmidt et al., 1998;
Abou Fakhr Hammad et al., 2001; Gajmer et al., 2002;
Banchio et al., 2003; Wandscheer et al., 2004). The effects
of the compounds extracted from M. azedarach on insects
*
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have been reviewed by Ascher et al., (1995) and reported
by Saxena et al., (1984), Schmidt et al., (1998), Juan et al.,
(2000), Carpinella et al., (2003) , Senthil Nathan and
Saehoon, (2005). Control of mosquito is essential as many
species of mosquitoes are vectors of malaria, filariasis, and
many arboviral diseases; and they constitute an intolerable
biting nuisance (Youdeowei and Service, 1983; Curtis,
1994; Collins and Paskewitz, 1995). Biotechnologists and
entomologists agree that mosquito control efficiency
should be with selectivity for a specific target organism.
New control methodologies aim at reducing mosquito
breeding sites and biting activity by using a combination
of chemical–biological control methods soothing several
advocated biocontrol methods to reduce the population of
mosquito and to reduce the man–vector contact (Service,
1983). Recently, there has been a major concern for the
promotion of botanicals as environment friendly
pesticides, microbial sprays, and insect growth regulators
amidst other control measures such as beneficial insects
and all necessitate an integration of supervised control
(Ascher et al., 1995; Senthil Nathan et al., 2004, 2005b, c,
and d). The development of insects' growth regulators
(IGR) has received considerable attention for selective
control of insect for medical and veterinary importance
and has produced mortality due to their high neurotoxic
effects (Wandscheer et al., 2004; Senthil Nathan et al.,
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2005a). Although, biological control has an important role
to play in modern vector control programs, it lacks the
provision of a complete solution by itself. Irrespective of
the less harmful and eco-friendly methods, suggested and
used in the control programmers, there is still a need to
depend upon the chemical control methods in situations of
epidemic outbreak and sudden increase of adult
mosquitoes. Hence, insecticides are known for their
speedy action and effective control during epidemics.
Nonetheless, they are preferred as effective control agent
to reduce the mosquito population irrespective of their side
effects. Recent studies stimulated the investigation of
insecticidal properties of plant-derived extracts; and
concluded that they are environmentally safe, degradable,
and target specific (Senthil Nathan and Kalaivani, 2005).
Muthukrishnan and Puspalatha (2001) evaluated the
larvicidal activity of extracts from Calophyllum
inophyllum
(Clusiaceae),
Rhinacanthus
nasutus
(Acanthaceae), Solanum suratense (Solanaceae) and
Samadera
indica (Simaroubaceae), Myriophyllum
spicatum (Haloragaceae) against Anopheles stephensi
(Senthil Nathan et al., 2006). Several indigenous plants in
India and subtropical parts of Asia, such as Ocimum
basilicum, Ocimum santum, Azadirachta indica, Lantana
camera, Vitex negundo and Cleome viscose (Senthil
Nathan et al., 2006) were studied for their larvicidal action
on the field which collected fourth instar larva of Culex
quinquefasciatus (Kalyanasundaram and Dos, 1985).
Chavan (1984), Zebitz(1984,1986), Schmutterer (1990),
Murugan and Jeyabalan (1999) reported that Leucas
aspera, O. santum, Azadirachta. indica, Allium sativum
and Curcuma longa had a strong larvicidal, antiemergence,
adult repellency and antireproductive activity against A.
stephensi. In addition, Pelargonium citrosa (Jeyabalan et
al., 2003), Dalbergia sissoo (Ansari et al., 2000a) and
Mentha piperita (Ansari et al., 2000b) were shown to
contain larvicidal and growth inhibitory activity against A.
stephensi. The present investigation was conducted to
study the effect of Azadirachtin, a neem tree Azadirachta
indica extract, against larvae and pupae of Culex pipiens
mosquitoes in east of the Republic of Algeria.
2. Materials and Methods

2.2. Bioassays and Larval Mortality
Bioassays were performed with fourth larvae stages
and pupae of C. pipiens using concentration from 0.125;
0.250; 0.500; 0.750 and 1mg/l of the Azadirachtin. A
minimum of 25 larvae/concentration were used for all the
experiments. And these experiment were replicated five
times. For mortality studies, 25 larvae each of fourth instar
and pupae were introduced in 250 ml plastic beaker
containing various concentrations of the Azadirachtin. A
control was maintained. The treatments were replicated
five times, and each replicate set contained one control.
The percentage mortality was calculated by using the
formula (1), and corrections for mortality when necessary
were done using Abbot's (1925) formula (2)
Percentage of Mortality
Number of dead larvae
=

X100
Number of larvae introduced

Corrected percentage of mortality
n in T after treatment
=1-

X100

(2)

n in C after treatment

Where n = number of larvae or nymph, T = treated, C =
control.
2.3. Fecundity and Sterility
The fecundity experiments were conducted by taking
equal number of male and female C. pipiens which had
emerged from the control and treated sets of each
concentration. They were mated in the cages of (20 x 20 x
20) cm dimension individually to each concentration.
Three days after the blood meal, eggs were collected daily
from the small plastic bowls containing water kept in
ovitraps in the cages. The fecundity was calculated by the
number of the eggs laid in the ovitraps divided by the
number of female let to mate (The death of the adult in the
experiment was also considered) The Sterility Indices
experiments were conducted by the formula (3) of Sexina
et al ,(1993):

2.1. Mosquito Rearing
Culex pipiens eggs were collected from cellarage tribes
(region sidi amar - Annaba) and readed in the ' Laboratory
of Biology Animal Application' University of AnnabaAlgeria. Larvae were reared in plastic and enamel trays in
tap water. They were maintained at 25-27°C, 75-85%
relative humidity under 14:10 light and dark photo period
cycle. The larvae were fed with fresh food consisting of a
mixture of Biscuit Petit Regal-dried yeast (75:25 by
weight). Pupae were transferred from the trays to a cup
containing tap water and placed in screened cages
(20x20x20cm), where the adult emerged. After emergence,
female mosquitoes obtained blood meal from caged
pigeons while male mosquitoes were fed on a 10% sucrose
solution. Then egg-masses were kept to continue next
generation.

(1)

(3)
2.4. Total Larval and Pupal Duration
To assay the growth factors of C. pipiens, test solution
of concentration of Azadirachtin extract (0.125; 0.250;
0.500; 0.750 and 1mg/l) were used. A known number of
eggs were made to hatch and the total larval duration
(days) was calculated from hatching to pupation period,
the pupa was placed in a small container closed with a
transparent mesh, so that the adults were kept trapped. The
pupal duration (days) was calculated from the pupal molt
to the emergence of imago.
2.5. Statistical Analysis
The analysis program Probit (Finney, 1971), the lethal
concentrations (µg/ml) for 50%, and 90% of the mortality,
LC50 and LC90, respectively, were at 24h after treatment.
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Table 1. Larvicidal activity of Azadirachtin at various concentration applied for 24h to newly ecdysed fourth instars of Culex pipiens.
Effects

Direct

Indirect

Concentration (
mg/l)

Mortality
(%)

Control

9.6

0.125

17.39

0.250

33.62

0.500

60.17

0.750

76.39

1

85.24

Control

15.2

0.125

19.80

0.250

35.52

0.500

65.40

0.750

81.12

1

93.70

LC50(mg/l)

95%Confidancelimits
(µg/ml)

LC90
(mg/l)

Regression
equation

χ2

Lower

Upper

0.357

0.307

0.414

1.280

Y=2.20x0.61

0.615

0.304

0.286

0.335

0.992

Y=2.63x1.60

3.69

Table 2. Larvicidal activity of Azadirachtin at various concentration, applied for 24h to newly ecdysed pupae of Culex pipiens.
Effects

Concentration (
mg/l)

Mortality
(%)

Direct

Control

4.33

0.125

7.57

0.250

28.78

0.500

45.45

Indirect

0.750

66.66

1

87.87

Control

4

0.125

7.93

0.250

31.74

0.500

49.20

0.750

71.42

1

92.05

LC50(mg/l)

95%Confidancelimits
(mg/l)

LC90
(mg/l)

Regression
equation

χ2

Lower

Upper

0.426

0.379

0. 479

1.243

Y=2.76x-2.2

1.1625

0.398

0.355

0.445

1.141

Y=2.82x-2.3

1.485

The 95% confidence intervals, values, and degrees of
freedom of the χ2 goodness of fit tests, and regression
equations, were recorded .Whenever the goodness of χ2
was found to be significant ( p <0.05) , a heterogeneity
correction factor was used in the calculation of confidence
limits. Data from biology, mortality, fecundity deterrence
and effective concentration were subjected to analysis of
variance (ANOVA of arsine square root transformed
percentages).
3. Results
3.1. Insecticidal Activity
Dose-response relationship was determined for
Azadirachtin applied for 24h to newly ecdysed fourth
instar larvae and pupae. The mortality was scored up to
adult formation.
For fourth stage, the highest concentration tested 1 mg /
l in direct effect caused 85.24% mortality (Figure1). With
probit, the LC50 was calculated as 0.35 mg/l (95%

CI=0.30-0.41mg/l; n=75; Slope=2.83) and the LC90 was
1.28 mg/l, (Table1). For indirect effects, the highest
concentration caused 93.70% mortality (Figure2), the LC50
was 0.32 mg/l (95% CI=0.28-0.33 mg/l; n=75;
Slope=2.46) and LC90 was calculated as 0.99 mg/l,
respectively, (Table1). After treatment, during the pupal
stage and in direct effect, the highest concentration caused
87.87% mortality (Figure1), the LC50was 0.42 mg/l (95%
CI=0.37-0.47mg/l; n=75; Slope=2.83) and the LC90 was
calculated as 1.24 mg/l, (Table 2). For indirect effects the
LC50 was 0.39 mg/l (95% CI=0.35-0.44 mg/l; n=75;
Slope=2.46) and LC90 was calculated as 0.99 mg/l
respectively, the highest concentration tested caused
92.05% mortality (Table2, Figure2).
3.2. Effect on Fecundity, Sterility and growth
Adults fecundity also was markedly decreased by the
Azadirachtin treatment the fourth instar larvae and pupal
stages (Figure 3, 4). Adults' sterility indices were markedly
increased by the Azadirachtin treatment, (Figure 5, 6). An
adverse sub-lethal effect in pupa exposed to Azadirachtin
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was evident. In addition to significantly lower survivorship
and protracted development, larval duration was reduced
markedly. The plant extracts (Azadirachtin) drastically
reduced the fecundity of the females, and only few adults
survived. The duration of larval instars and the total
developmental time were prolonged. (Table3). In the
present study, application of Azadirachtin greatly affected
the growth of Culex pipiens .
The lower dose treatment affected their growth
inhibition, malformation, and mortality in a dose
dependent manner. After Azadirachtin treatment at a
higher dose, the larvae died immediately before reaching
the pupal stage. The larvae became abnormal and irregular
in movement. The present study clearly indicates that
application of Azadirachtin can disrupt the normal process
of feeding and physiological response.

Figure1. Dose-response relationship for treatment of Azadirachtin,
applied for 24h to newly ecdysed fourth instar larvae and pupae of
Culex pipiens (effect direct).

Figure 2. Dose-response relationship for treatment of
Azadirachtin, applied for 24h to newly ecdysed instar larvae and
pupae instars of (Italique) Culex pipens(effect indirect).

Figure 4. Fecundity of (Italique) Culex pipens females after
treating the pupae stages with Azadirachtin.(Data following by
*** are significantly different from control, p<0.001).

Figure5. Sterility Indices of C. pipiens females after treating the
fourth instars with Azadirachtin.(Data following by *** are
significantly different from control, p<0.001).

Figure 6. Sterility Indices of C. pipiens females after treating the
pupae with Azadirachtin. (Data following by *** are significantly
different from control, p<0.001)
Table 3. Effect of Azadirachtin applied to newly ecdysed 4th instar
larvae of C. pipiens on the duration of development.
Duration ( days)Mean±SE

Concentration

4. Discussion
Azadirachtin, the extract of neem tree, was tested in the
present study, and is reported to be eco-friendly and not
toxic to vertebrates (Al- Sharook et al., 1991). It is clearly
proved that crude or partially-purified plant extracts are
less expensive and highly efficacious for the control of
mosquitoes rather than the purified compounds or extracts
(Jang et al., 2002; Cavalcanti et al., 2004).

Figure 3. Fecundity of C. pipiens females after treated the fourth
instars with Azadirachtin.(Data following by *** are significantly
different from control, p<0.001)

( mg/l)

th

4 larval instar

Pupal stage

0

8.75±2.99

2.61±0.65

0.125

15.24±1.28

3.81±0.84

0.250

16.00±2.82

3.54±0.55

0.500

17.94±1.54

3.42±0.87

0.750

18.45±2.80

3.33±0.28

1

19.75±2.22

3.33±0.46

The effect of these crude plant extract on the biology,
reproduction, and adult emergence of the mosquitoes are
remarkably greater than those reported for other plant
extracts in the literature. For example 50% inhibition of
the emergence of the adult mosquitoes was observed by
the use of C. inophyllum, S. suratense, S. indica and
Rhinocanthus nasutus leaf extracts (Muthukrishnan and
Puspalatha, 2001). Similarly 88% of the adult mortality
was observed by the use of P. citrosa leaf extracts at 2%
concentration (Jeyabalan et al., 2003). The Meliaceae plant
family is used as growth regulator against many insect
pests (Saxena et al., 1984; Jacobson, 1987; Schmutterer,
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1990; Hammad et al., 2001; Gajmer et al., 2002; Banchio
et al., 2003; Wandscheer et al., 2004). The growth
regulatory effect is the most important physiological effect
of M. azedarach on insects. It is because of this property
that family Meliaceae has emerged as a potent source of
insecticides. Exposure of A. stephensi larvae to sub-lethal
doses of neem leaves extract in the laboratory prolonged
larval development, reduced pupal weight and ovipostion
(Murugan et al., 1996; Su and Mulla, 1999). In the field,
delayed phenology of surviving larvae and reduced pupal
weight are common occurrence after treatment with neem
(Zebitz, 1984, 1986). The direct and indirect contribution
of such effects to treatment efficacy through reduced larval
feeding and fitness need to be properly understood in order
to improve the use of M. azedarach for management of A.
stephensi. The results of this study indicate the plant-based
compounds such as Azadirachtin (compounds present in
the Meliaceae plant family seed) may be an effective
alternative to conventional synthetic insecticides for the
control of Culex pipiens. Undoubtedly, plant derived
toxicants are valuable sources of potential insecticides.
These and other naturally occurring insecticides may play
a more prominent role in mosquito control programs in the
future (Mordue and Blackwell, 1993). The results of this
study will contribute to a great reduction in the application
of synthetic insecticides, which in turn will increase the
opportunity for natural control of various medicinally
important pests by botanical pesticides. Since these are
often active against a limited number of species including
specific target insects, less expensive, easily biodegradable
to non-toxic products, and potentially suitable for use in
mosquito control programme (Alkofahi et al., 1989), they
could lead to development of new classes of possible safer
insect control agents. Plant allelochemicals may be quite
useful in increasing the efficacy of biological control
agents because plants produce a large variety of
compounds that increase their resistance to insect attack
(Berenbaum, 1988; Murugan et al., 1996; Senthil Nathan
et al., 2005a). The intensive use of pesticides produces side
effects on many beneficial insects and also poses both
acute and chronic effects to the milieu (Abudulai et al.,
2001). Recently, bio-pesticides with plant origins are given
for use against several insect species especially diseasetransmitted vectors, based on the fact that compounds of
plant origin are safer in usage, without phytotoxic
properties; also leave no scum in the environment
(Schmutterer, 1990; Senthil Nathan et al., 2004, 2005a, d).
Large alterations in the fecundity and sterility of insects
exposed to neem have been extensively reported, such as
those in the fly, Ceratatis capitata (Steffens and
Schmutterer 1982); banana root borer, Cosmopolites
sordidus (Germar) (Musabyimana et al., 2001); and
mosquitoes, A. stephensi and A. culicifacies (Dhar et al.,
1996). The work published by Khan et al., (2007)
microscopically demonstrated that the decrease in
fecundity of Bactocera cucurbitae and Bactocera dorsalis
exposed to neem compound was due to the block of
ovarian development. Likewise, mixing of a commercial
formulation of neem in the adult diet caused reduction in
the fecundity of C. capitata by interfering with oogenesis
(Di Ilio et al., 1999). The block in the ovarian activity of
C. capitata, resulting from neem compound, was verified
by histological observation (Di Ilio et al., 1999). Results
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from the study of Lucantoni et al., (2006) clearly indicated
that the neem treated female mosquito, A. stephensi,
displayed a delay in oocyte development in the
vitellogenesis. As discussed by Weathersbee III and Tang
(2002), the disruption of reproductive capability could lead
to substantial population decline over time. Furthermore,
Dhar et al., (1996) revealed that exposure to neem extract
suppressed rather than inhibited oviposition in mosquitoes.
The present study clearly proved the efficacy of
Azadirachtin on larvae, pupae, and adult of Culex pipiens.
Further studies such as mode of action and synergism with
the biocides under field condition are needed.
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Abstract
The
concentrations
of
Dichloro-Diphenyl
Trichloroethane (DDTs) as organochlorine pesticides
(OCPs) and polychlorinated biphenyls (PCBs) in
seventeen important commercial species Fish and Shell
Fish from the Gulf of Adan and Red Sea of Yemen Coast
were investigated in this study. Relation between weight
and length of the organisms and the values of DDTs and
PCBs were also considered. The concentrations of DDTs
and PCBs were measured, using GC chromatography and
using electron capture dtector. The values of DDTs in the
Red Sea ranged from 0.9-7.8 ng g-1 and the OCPs ranged
from 0.1-1.0 ng g-1. As for the fishes and shell fishes of
the Gulf of Aden, the concentration ranges were 0.3-6.4
ng g-1 and 0.1-0.9 ng g-1 for DDTs and PCBs
respectively. Although PCBs are not manufactured in
Yemen, their presence can be attributed to the industrial
usage and the possible dumping of some products which
contain PCBs. The study of relationships between DDTs
and PCBs and weights or lengths indicated that these
compounds are not concentrated in the tissues of fish and
shell fish species.

اﻟﻤﻠﺨﺺ
ﻓﻲ هﺬا اﻟﻌﻤﻞ ﺗﻢ دراﺳﺔ ﺗﺮاآﻴﺰ اﻟﻤﺒﻴﺪات اﻟﻌﻀﻮﻳﺔ اﻟﻤﻜﻠﻮرة
واﻟﺒﻮﻟﻴﻤﺮات ﺛﻨﺎﺋﻴﺔ اﻟﻔﻨﻴﻞ ﻓﻲ ﺳﺒﻌﺔ ﻋﺸﺮ ﻧﻮع ﻣﻦ اﻷﺳﻤﺎك اﻻﻗﺘﺼﺎدﻳﺔ
 آﻤﺎ درﺳﺖ.اﻟﻤﻬﻤﺔ ﻣﻦ ﻣﻴﺎﻩ ﺧﻠﻴﺞ ﻋﺪن وﺳﺎﺣﻞ اﻟﺒﺤﺮ اﻷﺣﻤﺮ اﻟﻴﻤﻨﻲ
.اﻟﻌﻼﻗﺔ ﺑﻴﻦ ﻃﻮل وزن آﻞ ﺳﻤﻜﺔ اﻟﻰ هﺬﻩ اﻟﺘﺮاآﻴﺰ
 ﻓﻴﻢ،ﺗﻢ ﻗﻴﺎس هﺬﻩ اﻟﺘﺮاآﻴﺰ ﺑﻮاﺳﻄﺔ ﺟﻬﺎز اﻟﺠﺎز آﺮوﻣﺎﺗﻮﺟﺮاﻓﻲ
 أﻟﻰ0.9 اﻟﻤﺒﻴﺪات اﻟﻌﻀﻮﻳﺔ اﻟﻤﻜﻠﻮرة ﻓﻲ اﺳﻤﺎك اﻟﺒﺤﺮ اﻷﺣﻤﺮ آﺎﻧﺖ ﻣﻦ
 اﻟﻰ0.1  ﻗﻴﻢ ﺛﻨﺎﺋﻴﺔ اﻟﻔﻨﻴﻞ ﻋﺪﻳﺪة اﻟﻜﻠﻮر ﻣﻦ،  ﺟﺮام/  ﻧﺎﻧﻮ ﺟﺮام7.8
. ﺟﺮام/  ﻧﺎﻧﻮ ﺟﺮام1.0
0.3 ﻓﻴﻢ اﻟﻤﺒﻴﺪات اﻟﻌﻀﻮﻳﺔ اﻟﻤﻜﻠﻮرة ﻓﻲ اﺳﻤﺎك ﺧﻠﻴﺞ ﻋﺪن آﺎﻧﺖ ﻣﻦ
 اﻟﻰ0.1  ﻗﻴﻢ ﺛﻨﺎﺋﻴﺔ اﻟﻔﻨﻴﻞ ﻋﺪﻳﺪة اﻟﻜﻠﻮر ﻣﻦ،  ﺟﺮام/  ﻧﺎﻧﻮ ﺟﺮام6.4 اﻟﻰ
 وﺑﺎﻟﺮﻏﻢ ﻣﻦ أن ﺛﻨﺎﻳﺌﺔ اﻟﻔﻨﻴﻞ ﻋﺪﻳﺪة اﻟﻜﻠﻮر ﻻ. ﺟﺮام/  ﻧﺎﻧﻮ ﺟﺮام0.9
 هﺬﻩ اﻟﺪراﺳﺔ.ﻳﻨﺘﺞ ﻓﻲ اﻟﻴﻤﻦ ﻟﻜﻨﻪ ﻳﺘﻮاﺟﺪ ﻓﻲ اﻻﺳﺘﻌﻤﺎﻻت اﻟﺼﻨﺎﻋﻴﺔ
أوﺿﺤﺖ أن ﺗﺮاآﻴﺰ هﺬﻩ اﻟﻤﺮآﺒﺎت ﻟﻴﺴﺖ ﺑﺎﻟﻜﺒﻴﺮة ﻓﻲ أﻧﺴﺠﺔ هﺬﻩ
اﻻﺳﻤﺎك
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1. Introduction

*

Organochlorine pesticides are a class of toxic
compounds characterized by their relative chemical and
biological stability, and hence persistence in the
environments. Consequently, organochlorine pesticides
have been placed on the top of the list of potential
environmental hazards. The persistent and widespread
occurrences of organochlorine pesticides have stimulated
research into the nature, behavior, fate of pesticides in
addition to their metabolites in the environment. The
widespread occurrences of these compounds as
environmental pollutants have been reported for all major
terrestrial, fresh water, and marine environments. Damage
to marine environment, by organochlorine pesticides, is
well documented. However, very few data are available for
the concentration of chlorinated pesticides in the seas
around India (Jackson et al., 1994; McCain and Varanasi,
*
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1991; Nicholson, 1980; Tanbe and Tatsukawa, 1991;
Mansour, 2004; Pfeuffer and Rand, 2004; Chou and Lee,
2005). As India is predominantly an agricultural country,
large quantities of pesticides (55,000 t) have been used in
agriculture for many years (McCain et al., 1992).
At present, almost nothing is known about the
existence of these pesticides in the Red Sea and Gulf of
Aden. Organochlorine pesticides (OCPs) including
Dichloro-Diphenyl-Trichloroethane (DDTs) have been
used in Yemen and neighboring countries for more than
four decades. According to a survey conducted in March
1990, there were a total of 80 pesticides brands of which
twenty four are not recommended or even outlawed (AlGhashm, 1991; Bidleman and Leonard, 1982). Shipboard
measurements in the Indian Ocean were made in the
northern Arabian Sea, Arabian Gulf and the Red Sea.
Average DDTs levels in the Arabian Sea -Arabian Gulf Red Sea were 25-40 times as much of what is found in
North Atlantic background value. They have attributed
these higher levels to the continued use of DDTs in
countries bordering these areas (Farrington et al., 1983).
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Red Sea is an extremely isolated body of water. Water
losses through evaporation far exceed rainfall, run-off
from rivers is negligible; and apart from the Suez Canal,
the only other mean of water exchange with other oceans
is through the straits of Bab-el- Mandab. The Yemen coast
is characterized by a narrow coastal plain between the Gulf
of Aden and the mountain range that parallels the
shoreline. This range averages 1.070 m in height and
influences the local weather, especially the wind. The Gulf
of Aden, which connects the Red Sea with the Arabian Sea
(Indian Ocean), is approximately 900 km long, and large
rivers flowed from the interior to the sea. Today, small
wadi channels have been eroded into older and, larger river
channel (DouAbul and Al-Shwafi, 2000; Al-Shwafi, 2008;
Abdallah, 1996; Edwards and Head, 1987).
The need to identify organic and inorganic pollutants in
the Red Sea has become a major concern for all countries
in the region within the past few years because of the need
for baseline data (or background levels), the chronic
pollution from industrial and anthropogenic sources and
the continual pollution of the areas fishing ground. In
addition, and because of the potential impact on marine
life and fisheries, it is also important to know the extent of
the pollution and its impact on marine life, and the period
of the pollution impact. Hence, the first necessary step is
the determination of the seriousness of pesticides in the
marine environment including the magnitude of their
residues. However, such data are not available for the Red
Sea and Gulf of Aden. Therefore, the present study is
aimed mainly at determining DDTs and PCBs residues in
fish and shell fish, and to attempt to identify their major
sources and to perform a baseline study on the pollution in
the muscle tissues of the commercial fish species, which
were surveying in the Red Sea of Yemen and Gulf of
Aden. The main objectives of the present study are to
determine the residue levels of potential pollutants mainly
the DDTs and PCBs in the flesh of the seventeen fish and
shell fish species collected from the Red Sea of Yemen
and The Gulf of Aden, and to identify the most important
sources of contamination to the region. Also this study will
focus on the sub-lethal effects of the most prominent
contaminants, as well as their possible implications with
humans who consume them. In addition, to generate
baseline data for further follow- up study in the region.
2. Material and Method

2.1. Sampling
Fish and shell fish samples were collected from several
locations along the Red Sea and Gulf of Aden Coast of
Yemen during summer 1998. The collection of samples
depending on the feasibility and importance of the site
itself. Seventeen species of fish and shell fish were
collected from the local commercial fishermen of Aden
City and Hodiedah City. Samples were collected by
fishermen, and then they were frozen upon return to the
city center. Samples of fish and shell fish, having similar
size (length and weight) were chosen for each species.
Sub-samples (5gm each) of 17 species were dissected
according to the procedure described by (ROPME Manual,

1983). The edible portions (muscles) were only taken for
the determinations of DDTs and PCBs analysis.
2.2. Chemical Analysis
All solvents were redistilled, using distillation
apparatus with a 150 cm vacuum jacketed fractionation
column filled with 3 mm diameter glass helices. DDTs and
PCBs were determined using a Hewlett Pachard HP5890GC with split/splitless injector and a 25 m x 0.3 mm fused
silica capillary with a chemically bonded gum phase SE54
sodium chloride and sodium sulfate that were kiln fired at
450ο C overnight and cooled in a greaseless desiccator.
Silica gel, used for column chromatography, was solvent
extracted with n-hexane in a flass cartridge inserted into an
extraction apparatus, as described by Ehrhardt (1987).
After extraction, the silica gel was first dried in the same
cartridge by passing ultra-pure nitrogen through; and was
then activated by heating the cartridge in an electric tube
oven to 200ο C for 6 h with nitrogen stream reduced to a
few ml per minute.
The extraction method was based upon that of Wade et
al. (1988). A total 5g of dried tissues was Soxhletextracted with methyl chloride and concentrated in
Kuderna-Danish tubes. The extracts were fractionated by
alumina: silic gel (80-100 mesh) chromatography. The
extracts were sequentially eluted from the column with 50
ml of pentane (aliphatic fraction) and 200 ml of 1:1
pentane-dichloromethane (PCBs/DDTs fraction) and
concentrated for GC analysis. The recovery rate exceeded
80% for all the measured samples.
DDTs and PCBs were separated by gas
chromatography in the split/splitless mode, using an
electron capture detector (ECD). A 30 m x 0.32 mm i.d.
fused-silica capillary column was used for this purpose
with a chemically bonded gum phase SE54 (J&W
Scientific, Inc.) provided component separations. Fourcalibration solutions were used to generate a nonlinear
calibration curve. A sample, containing only PCBs, was
used to confirm the identification of each PCBs congener.
The surrogates DBOFB (dibromooctafluorobiphenyl),
PCB-103 and PCB-198 were added during the extraction
during the extraction of DDTs and PCBs. The internal
standard, TCMX (tetrachloro-m-xylene), was added prior
to GC/ECD analysis. The chromatographic programm for
DDTs and PCBs analysis was 100οC for 1 min, then 5οC
min -1 until 140ο C, hold for 1 min, then 1.5οC min-1 to
250οC, hold for 1 min, and then 10οC min-1 to a final
temperature of 300ο C, which was held for 5 min. The
detection limit for the method is 0.001 ng g-1.
3. Result
Table 1 shows the average concentrations of DDTs and
PCBs in different fish and shell fish species collected from
the Red Sea of Yemen. The concentrations were averaged
across at least three measurements. The results of DDTs
revealed that the concentrations ranged from 0.9-7.8 ng g-1
dry weight with an average of about 3.5 ng g-1. DDTs
values showed no relation either with weight or with
length. The PCBs ranged from 0.1 to 1.0 ng g -1 dry weight
with an average of about 0.5 ng g-1. Also here, no
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Table 1. Number, weight, and length of the collected fish and shell fish species in addition to concentrations of DDTs (ng g-1) and PCBs (ng
g-1) in the muscles of the fishes and shell fishes collected from the Red Sea of Yemen. The errors are collected from standard deviations.
Fish and shell fish species

No

Total weight (g)

Scomberomorus commerson

5

250-500

Crenidens crenidens

15

500-600

30-50

4.2±0.04

0.5±0.02

Rastrelliger kanagurta

20

50-65

22-30

7.8±0.05

0.7±0.03

80-100

5.3±0.03

0.3± 0.04

Thunnus albacares

7

500-700

70-90

3.9±0.07

0.4±0.02

Carchaias palasrras

10

200-500

55-62

2.4±0.03

0.1±0.01

Himantura uarnak

10

255-450

62-70

6.5±0.06

0.9±0.05

Caranx sem

10

105-320

50-55

6.7±0.09

0.4±0.02

Scomberoides commersonianus

10

562-765

72-75

5.1±0.03

0.3±0.03

Chanos chanos

10

50-108

35-40

4.8±0.07

0.5±0.02

Lutjanus sanguineus

10

120-142

34-47

1.2±0.07

0.8±0.06

Rachycentron canadus

8

152-256

60-63

2.0±0.03

0.9±0.05

Euthynnus affinis

10

320-450

44-50

2.8±0.02

0.7±0.07

Epinephelus areolatus

10

280-320

35-37

1.9±0.01

1.0±0.01

Panutirus homarun

10

320-460

40-42

2.3±0.03

0.2±0.05

Sepia pharnais

15

268-357

33-40

1.8±0.02

0.4±0.03

Sphyraena jello

10

365-452

43-52

1.1±0.01

0.3±0.04

Penaeus semisulcatus

25

95-120

25-30

0.9±0.01

0.1±0.02

Table 2. Number, weight, and length of the collected fish and shell fish species in addition to concentrations of DDTs (ng g-1) and PCBs (ng
g-1) in the muscles of the fishes and shell fishes collected from the Adan Gulf. The errors are collected from standard deviations.
Fish and shell fish species

No

Total weight (g)

Total length (cm)

DDTs

PCBs

(ng g-1)

(ng g-1)

Scomberomorus commerson

5

270-450

80-90

4.3±0.02

0.2±0.02

Crenidens crenidens

15

620-650

33-54

2.8±0.03

0.3±0.01

Rastrelliger kanagurta

20

70-80

32-73

5.3±0.04

0.4±0.02

Thunnus albacares

7

453-720

60-89

2.8±0.05

0.2±0.01

Carchaias palasrras

10

500-700

57-65

2.3±0.03

0.1±0.01

Himantura uarnak

10

259-470

65-73

5.3±0.03

0.7±0.03

Caranx sem

10

115-325

53-59

6.4±0.07

0.5±0.02

Scomberoides commersonianus

10

653-777

75-77

5.0±0.02

0.4±0.02

Chanos chanos

10

55-112

38-44

4.3±0.06

0.3±0.03

Lutjanus sanguineus

10

120-142

36-50

1.0±0.03

0.6±0.04

Rachycentron canadus

8

170-268

66-69

1.7±0.02

0.8±0.03

Euthynnus affinis

10

333-470

49-53

2.5±0.02

0.6±0.06

Epinephelus areolatus

10

295-354

38-40

1.0±0.01

0.9±0.01

Panutirus homarun

10

332-472

43-45

2.3±0.03

0.3±0.03

Sepia pharnais

15

297-380

38-45

1.5±0.02

0.4±0.02

Sphyraena jello

10

395-460

46-55

1.0±0.01

0.2±0.03

Penaeus semisulcatus

25

100-129

35-43

0.3±0.01

0.1±0.01

relationship between PCBs concentrations and weight or
length was observed. The results of DDTs and PCBs in the
fishes of the Gulf of Adan are shown in table 2. The ranges
of DDTs extended from 0.3 to 6.3 ng g-1 with an average
of 2.9 ng g-1 and the ranges of PCBs extended from 0.1 to
0.9 ng g-1 with an average of 0.4 ng g-1. No relationship
was found between weight or length and DDTs and PCBs
(Fig. 1 & 2). Statistical analysis of the relations shows r2

values less than 0.1. Generally, the concentrations of both
DDTs and PCBs in the fishes and shell fishes collected
from the Red Sea of Yemen were higher than those
collected from the Gulf of Adan. However, statistical
analysis of the data using t-test shows that the differences
were not significant either in DDTs (P= 0.1331) or in the
PCBs (P=0.2313).
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Figure 1. Relations between length (cm) and DDTs and PCBs concentrations (ng g-1).
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Figure 2. Relations between weight (g) and DDTs and PCBs concentrations (ng g-1).

4. Discussion
It is difficult to compare the present results with other
results from other studies since little information is
available, especially in the Arabian context. However,
DDTs in fishes and shell fishes from the Red Sea and Gulf
of Aden were an order of magnitude lower than the range
of values reported for fishes from the eastern Arabian Sea
(Shailaja and Sen, 1989; Kishimba et al., 2004). Similarly
DDTs, determined in the present work, was an order of
magnitude lower than the range of values reported for
Epinephelus tauvina and Lethrinus nebuluosus captured
from the coastal waters of Oman (Burns et al., 1982). One
of the primary concerns regarding DDTs is its potential for
affecting fish reproduction. Early studies with trout

demonstrated that DDTs concentrations in eggs or larvae
in the ppm range impaired viability (Allison et al., 1964;
Hogan and Brauhn, 1975; Arambarri et al., 2003). A
number of dialed studies have also suggested that egg and
larval viability or larval fitness were affected when
relatively high levels of organochlorines were present in
ovary tissues (Nelson et al., 1991; Arambarri et al., 2003;
Mansourm and Sidky, 2003). Similar studies investigating
DDTs and PCBs were done also in Kuwait waters and Abu
Dhabi waters by DouAbul et al. (1987a). The authors
found concentrations of 8.8-88 and 30 ng g-1 for DDTs and
values of 5 and 7 ng g-1 for PCBs in Kuwait and Abu
Dhabi water respectively. These values are much higher
than the values reported in this study.

© 2009 Jordan Journal of Biological Sciences. All rights reserved - Volume 2, Number 1

The higher concentrations of both DDTs and PCBs in
the fishes and shell fishes collected from the Red Sea of
Yemen, compared to those collected from the Gulf of
Adan, may be attributed to the use of these compounds for
agriculture in high mountains, where summer monsoon fall
in Yemen and the water flowing mainly into the Red Sea
and the Gulf of Adan. However, the amount of water
flowing into the red sea is higher than the water flowing
into the Gulf of Adan, which causes these higher
concentrations. In addition, Red Sea is a small and semienclosed body when compared to the Gulf of Adan.
Polychlorinated biphenyls (PCBs) are a class of
synthetic, inert, and complex mixture of many compounds
originally manufactured in the USA in 1929, and until
recently retained in large quantities mainly as dielectric
fluids in electrical equipment (Hutzinger et al., 1974;
Bleatchy, 1984). Additionally, PCBs are extremely
persistent in the environment, and like many other
organochlorines of similar nature are widely spread among
living organisms all over the world (Tanabe and
Tatsudawa, 1991; Koeman and Visser, 1992).
Organochlorine compounds are generally soluble in
fatty tissues, but exhibit low solubility in water. This
lipophilic hydrophobic characteristic is largely responsible
for their bioaccumulation and extreme persistence in
marine biota (DouAbul et al., 1987 a). The multiresidual
extraction procedure employed in the present work
followed by GC-electron capture determination should
screen most of the common OCPs and PCBs in all spices.
In most cases, conversion of DDT into DDE is initiated by
soil micro-organisms immediately after it enters the
environment. Other factors such as alkaline pH, light, or
heat may also produce chemical changes in the original
DDT molecule. Thus, the above observation may be due to
metabolic conversion (Bridges et al., 1963) and/or
dehydrochlorination (Hannon et al., 1970; DouAbul et al.,
1988; DouAbul and Heba, 1995) in the warm, rather
alkaline waters of the Red Sea and Gulf of Aden.
Moreover, because the volatility of DDE is several times
greater than that of DDT (DouAbul et al., 1987 b). It is
logical to presume that DDE is more readily transferred
via atmosphere to the coastal Red Sea and Gulf of Aden.
Since the presence of the original compound suggests
recent inputs of DDT to aquatic ecosystem (Aguillar,
1984). It may thus be concluded that there was continuing
contribution of DDT to the Red Sea and Gulf of Aden.
However, DDT has been officially banned in Yemen.
Hence, its residues must be originated from a more remote
source or more likely, from continuing illegal use.
Technical DDT generally contains <25% o.p-DDT, an
impurity, however, o.p-isomers are less persistent than
their p.p-analogs (Fry and Toone, 1981; Mansour and
Sidky, 2003). This phenomenon may be accounted for the
relatively low percentage occurrence of both o.p-DDT and
o.p-DDD, which were 10% and 0% respectively.
Chlorinated pesticide and PCBs residues in commercial
fishes caused leukemia cancer, gastric carcinoma, and
esophageal, (Haffer, 1983; 1985). PCBs are not
manufactured in Yemen, and their presence can thus only
be from industrial usage and the possible dumping of
products containing PCBs. To the best of the author's
knowledge, previous data for PCBs in the Red Sea and
Gulf of Aden are not available. The present results are the
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first of their kind for the region and should serve as
background information.
The major conclusions that can be drawn from the
present study are; i) the concentrations of the most
organochlorine residues in the commercial fish of the Red
Sea and Gulf of Aden environment were either below the
detection limits or in very low values ii) DDTs occurred in
almost all fish samples examined. However, DDTs
concentrations were relatively lower than those reported
previously in the Arabian Sea. iii) traces of PCBs were
also found in some samples of fishes and shell fishes from
the Red Sea and Gulf of Aden.
Generally, it is recommended that a continuos
monitoring programme for the Red Sea and Gulf of Aden
region should be formulated and conducted to ensure that
the concentration of DDTs and PCBs are within the base
line levels established in the present study.
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Abstract
The effects of Atrazine contamination on amphibian
larval stages were assessed, using acute and chronic
toxicity in the laboratory. Tadpoles of Ptychadena
bibroni at varying post-hatch developmental stages (1, 2,
3, and 4 weeks) were exposed to environmental relevant
treatment concentrations of 200, 400, 600μg/L and 3, 30,
100μg/L for acute and chronic toxicity tests respectively.
The effects were assessed by comparing mortality,
glycogen levels and behavioral response of a control
group and a group exposed to the pesticide. The
American Society for Testing and Material (ASTM)
recommended semi-static renewal bioassay method to be
employed, and LC50 was measured at 96 hours.
Percentage of mortality increased with increase in
concentration and exposure duration; but decreased as
the tadpoles matured. Mean percentage mortality of
tadpoles were significantly affected by concentrations
and developmental stages . Derived 96 hours LC50
values decreased with increase in exposure duration but
increased with each successive developmental stage.
Estimated 96 hours LC50 ranged from 230.06 –
431.32μg/L. Glycogen levels varied negatively with
concentrations, but it increased with each successive
developmental stage. Mean glycogen level of tadpoles,
exposed to Atrazine, were significantly different in the
developmental stages
but showed no significant
difference with concentrations (F= 1.493, P>0.05). The
above results of acute and chronic exposure to Atrazine
indicate marked behavioral and physiological effect of
Atrazine on Ptychadena tadpoles. Results obtained from
this study would serve as a fundamental platform for
development of Atrazine safety limits for monitoring the
waters of the Niger Delta ecological zones of Nigeria.

ﺗﻢ ﺗﻘﻴﻴﻢ أﺛﺎر اﻟﺘﻠﻮث ﺑﺎﻟﻤﺒﻴﺪ اﻟﺤﺸﺮي أﺗﺮازﻳﻦ ﻋﻠﻰ ﻳﺮﻗﺎت اﻟﻀﻔﺎدع
 ﺣﻴﺚ ﺗﻢ ﺗﻌﺮﻳﺾ.ﺑﺎﺳﺘﺨﺪام اﻟﺴﻤﻴﺔاﻟﺤﺎدة واﻟﺴﻤﻴﺔ اﻟﻤﺰﻣﻨﺔ ف اﻟﻤﺨﺘﺒﺮ
2 و1 اﻟﺒﺎﻟﻎ ﻋﻤﺮهﺎ
Ptychadena bibroni ﻳﺮﻗﺎت اﻟﻀﻔﺪع
 ﻣﻴﻜﺮوﺟﺮام ﻓﻲ اﻟﻠﺘﺮ و600 و400 و200  اﺳﺎﺑﻴﻊ ﻟﻠﺘﺮاآﻴﺰ4 و3و
 وﺗﻢ اﻟﺘﻘﻴﻴﻢ ﺑﻤﻘﺎرﻧﺔ ﻧﺴﺐ. ﻣﻴﻜﺮوﺟﺮام ﻓﻲ اﻟﻠﺘﺮ100 و30 و3آﺬﻟﻚ
اﻟﻮﻓﻴﺎت وﻣﺴﺘﻮى اﻟﺠﻼﻳﻜﻮﺟﻴﻦ واﻻﺳﺘﺠﺎﺑﺎت اﻟﺴﻠﻮآﻴﺔ ﺑﺎﻟﻴﺮﻗﺎت اﻟﺘﻲ ﻟﻢ
 وﺗﻤﺖ اﻟﻤﻘﺎرﻧﺔ ﺣﺴﺐ ﻃﺮﻳﻘﺔ اﻟﺠﻤﻌﻴﺔ.ﺗﺘﻌﺮض ﻟﻠﺘﺴﻤﻢ
 ﻟﻘﺪ. ﺳﺎﻋﺔ96  ﺑﻌﺪLD50  وﺗﻢ ﺣﺴﺎب.( ﻟﻠﻔﺤﻮﺻﺎتASTM) اﻻﻣﻴﺮآﻴﺔ
وﺟﺪ ان ﻧﺴﺒﺔ اﻟﻮﻓﻴﺎت ﺗﺰداد ﺑﺎزدﻳﺎد اﻟﺘﺮآﻴﺰ وﻣﺪة اﻟﺘﻌﺮض وﻟﻜﻨﻪ
 ﻳﺘﻨﺎﻗﺺ ﺑﺰﻳﺎدةLD50  ﻟﻘﺪ وﺟﺪ ان ﺣﺴﺎب.ﻳﺘﻨﺎﻗﺺ آﻠﻤﺎ زاد ﻋﻤﺮ اﻟﻴﺮﻗﺔ
23.06  ﻣﻦLD50 اﻟﺘﺮآﻴﺰ واﻟﻤﺪة وﻳﺮﺗﻔﻊ ﺑﺰﻳﺎدة ﻋﻤﺮ اﻟﻴﺮﻗﺔ وﺗﺮاوﺣﺖ
 ﺗﻨﺎﻗﺼﺖ ﻣﺴﺘﻮﻳﺎت اﻟﺠﻼﻳﻜﻮﺟﻴﻦ. ﻣﺎﻳﻜﺮوﺟﺮام ﻓﻲ اﻟﻠﺘﺮ431.32 اﻟﻰ
 وﺗﺪل اﻟﻨﺘﺎﺋﺞ اﻟﺴﺎﺑﻘﺔ ﻋﻠﻰ وﺟﻮد.ﻣﻊ اﻟﺘﺮآﻴﺰ وازدادت ﻣﻊ ﻋﻤﺮ اﻟﻴﺮﻗﺔ
ﺗﺄﺛﻴﺮ ﺳﻠﻮآﻲ وﻓﺴﻴﻮﻟﻮﺟﻲ ﻟﻠﻤﺒﻴﺪ اﻟﺤﺸﺮي أﺗﺮازﻳﻦ ﻋﻠﻰ ﻳﺮﻗﺎت اﻟﻀﻔﺪع
 وﺗﻌﺘﺒﺮ هﺬة اﻟﻨﺘﺎﺋﺞ أﺳﺎﺳﺎ ﻟﻮﺿﻊ اﻟﺤﺪود اﻟﻼزﻣﺔ.Ptychadena
.ﻟﺘﺮاآﻴﺰ اﻻﺗﺮازﻳﻦ ﻓﻲ اﻟﻤﻨﺎﻃﻖ اﻟﺒﻴﺌﻴﺔ ﻟﻤﻴﺎﻩ دﻟﺘﺎ اﻟﻨﻴﺠﺮ
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1. Introduction

*

Using Pesticides has increased worldwide over the
years to secure food supply for the teaming global
population. In tropical regions, Nigeria in particular, an
*
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intensive practice has led to higher pesticides usage
(Osibanjo and Jensen, 1980). Although it is undisputed
that pesticides are essential in modern agriculture, there is
a growing concern about possible environmental
contamination from agrochemicals. The ecological effects
of pesticides on amphibian populations are a growing
concern (Bishop 1992, Hall and Henry 1992, Philips
1994). Human activities have led to the release of
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pollutants, for instance, pesticides into the natural
environment. This often results in habitat distortion and
extinction of local amphibian populations. While
pesticides have the potential to affect many aquatic taxa,
the impacts on amphibians are of particular concern in the
past decade because of the apparent global decline of
many species (Blaustein and Wake 1990, Alford and
Richards 1999, Houlihan et al. 2001, Kiesecker et al.
2001). The lists of possible causes of amphibian declines
are numerous, and pesticides have been implicated in at
least some of these declines.
The decline of world populations of amphibians is a
major environmental issue (Vertucci and Corn 1996).
Amphibians are an integral part of their ecosystems;
affecting nutrient cycling and also serving as high quality
prey for many species (deMaynadier and Hunter 1995). In
the last 15 years, scientists have accumulated evidence
supporting a global decline in amphibians. As the
quantitative evidence grows, it is difficult to deny the
validity of this global trend (Houlahan et al. 2000, Stuart et
al, 2004). Amphibians are especially at risk from
agricultural contamination because they have permeable
skin and eggs that readily absorb chemicals from the
environment. Many species are vulnerable to aquatic
contamination because they experience aquatic and
terrestrial stressors, and play vital roles in communities
and are sensitive to contaminants. Most amphibians
complete their life cycles near fields, where pesticides are
applied and have vulnerable embryo and larval stages
whose development coincides with pesticides application
(Blaustein and Kiesecker 2002, Hayes et al. 2003).
The larvae of frog species, Ptychadena bibroni, was
chosen as test organism for this study because it is the
most dominant and widely spread in the Niger Delta
regions of Southern Nigeria (Akani and Luiselli 2003)
where Atrazine use is substantial.
Atrazine (2 – Chloro – 4 ethylamino -6isopropylamino-S-trazine) is a selective, pre and post–
emergence herbicide used on a variety of terrestrial food
crops, non-food crops, forests, residential turf, golf course
turf, recreational areas, and rangeland. In Nigeria, it is
commonly used for the control of weeds in most farms.
Although used to control broadleaf and many other weeds
on a range of agricultural and non-agricultural sites, the
herbicide’s largest use is on corn, sorghum, and sugarcane
(Solomon et al. 1996). Despite its widespread, intensive
use of Atrazine is considered safe because of its short halflife and negligible bioaccumulation and biomagnifications
(Solomon et al. 1996). The present study investigates the
hypothesis that Atrazine may interfere with survival of
tadpoles (P .bibroni) at ecologically relevant low doses.
Until recently the adverse effects of pesticides on nontarget organisms have not seriously been considered when
compared with research in the parent fields of
experimental Ecology and Toxicology (Sparling et al.
2000). Pesticide use is known to cause serious
environmental problems, especially in the dry season when
the dilution capacity of water systems is low; thus
increasing the risk of high concentration of toxic
chemicals.
Studies on the effectiveness of many
commonly used pesticides on target organisms have been
carried out extensively in virtually all agro – ecozones

globally. However, the side effects of these pesticides on
non-target organisms remain largely unknown.
This study
simultaneously evaluates the lethal
(survival) and sublethal (glycogen level and behaviour)
effects of Atrazine on larval stages of the dominant
amphibian species: Ptychadena bibroni of the Niger Delta
of Nigeria. The results of this study would provide a
fundamental platform for establishing regulatory limits for
Atrazine load in Nigerian Niger Delta waters.
2. Materials and Methods
2.1. Collection of Test Organisms
Eggs of the amphibian species were collected from an
inlet of Ikpoba River, an inland River in Southern Nigeria.
Egg clutches of the frog were identified in the field by a
dichotomous field guide (Amphibian Web 2003, Gosner
1960, and Roedel 2000).
Hatching of eggs, rearing of tadpoles, and testing were
done in the post-graduate ecotoxicological research
laboratory at the Department of Animal and
Environmental Biology, University of Benin, Nigeria.
After hatching, emerging larval tadpoles were distributed
into six (2.2 x 2.2cm) plastic tanks each containing 1 liter
of dechlorinated tap water. They were allowed to
acclimatize for seven days in the holding tanks prior to the
bioassay (ASTM, 1985). Tadpoles were fed with ad–
libititum daily with ground maize powder. Larvae were
reared on a 10:14h light: dark cycle (dark from 6 p.m. to 8
a.m.) to minic natural , condition, and room temperature
were maintained at 30± 20C throughout the duration of the
experiment. The water in each holding tank was change
every three days.
2.2. Test Chemicals
The pesticide, used for the 96-hour acute toxicity and
chronic toxicity tests, was the organochlorine, Atrazine
(Atraforce, 80% Top Atazine). The pesticide is commonly
used on farms in Nigeria for the control of weeds.
2.2.1. Test Water
Water for toxicity testes was dechlorinated tap water.
The water was dechlorinaated by allowing it to stand
exposed for 36 hours (Ezemonye and Enuneku, 2005).
This water was used for acclimatization, control tests, and
for making the various concentrations of the test chemical.
2.2.2. Test Solutions
Stock solutions of the required concentrations were
prepared for both pesticides.
1g of 80% pure
commercially available Atrazine was dissolved in 1 litre of
dechlorinated tap water.
The solution was mixed
thoroughly until all granules dissolved. One milliliter of
this solution was added to 999 ml of dechlorinataed tap
water to make a stock solution of 1mg/L. The stock was
than diluted into environmental relevant treatment
concentrations of 0, 200, 400, 600 μg/L and 0, 3, 30,
100μg/L for acute and chronic tests respectively (Freeman
and Rayburn, 2004, Storrs and Kiesecker, 2004).
2.2.3. Acute Toxicity Tests
Acute toxicity tests were conducted according to
standard procedures (ASTM, 1996). Fourty amphibian

© 2009 Jordan Journal of Biological Sciences. All rights reserved - Volume 2, Number 1

larvae (two replicates of 20 each) were exposed for 96
hours to each selected concentration of pesticide solution.
The semi-static renewal bioassay procedure started with a
range finding test (ASTM, 1985, ASTM, 1996). This was
used to determine the range that would produce the desired
LC50 effect for the different life stages. Amphibian
larvae of Gosner stages 20, 27, 35 and 43 (Gosner, 1960),
which were 1, 2, 3, and 4 weeks old respectively, were
used for the test. Exposures lasted for approximately 28
days. Twenty (20) tadpoles were assigned to individual
experimental units containing one of the treatments of
Atrazine (0, 200, 400 and 600μg/L).
A new stock solution for Atrazine was made up every 3
days immediately before each water change since it has a
minimum half-life of 48hours in water (Solomon et al.
1996).
2.2.4. Mortality
Mortality was recorded at an interval of 24 hours over a
period of 4 days (96-hours) for each post-hatch maturation
stage. Tadpoles were taken dead when they turned upside
down and sank to the bottom of the tank or when their tail
showed no form of movement even when prodded with a
glass rod (Mgbaeruhu, 2002).
2.2.5. Chronic Toxicity Tests
The Chronic toxicity test was carried out in a similar
manner as the acute test, however, for chronic toxicity
tests; very low, and sublethal concentrations of the
pesticides were used. Amphibian larvae were exposed to
concentrations of 0, 3, 30, and 100μg/L. The lowest
concentration 3μg/L of Atrazine was based on the drinking
water standard of Atrazine, as set by the U.S.
Environmental Protection Agency, (U.S. EPA, 2002).
Exposures lasted for approximately 28 days, and every
week tadpoles were collected to assess their glycogen
levels.
2.2.6. Behavioural Response
Larval behavioral response was monitored in this
Behavioral response was assessed in-situ by observing the
swimming activity of tadpoles. This was achieved by
gently prodding all individual larvae and gauging their
response as normal when larvae swim away immediately
or as abnormal when there is a delay, or no response, or
impaired swimming ability.
2.2.7. Glycogen level Bioassay
The glycogen levels of tadpoles were estimated using
digestion, based on glucose oxidase method of Trinder
(1969). Reagents used for the glucose oxidase method
were Reagent 1(R1), which contain phosphate buffer (
PH7), phenol, and sodium azide. Reagent 2(R2) contains
glucose oxidase, peroxide, 4-aminophenozone, a standard
glucose solution, and a color reagent. 1m l of the color
reagent was pipetted into dry test tube and, 0.01 ml of
sample was added. After color development, 2.0 ml of
distilled water was added. The test tubes were thoroughly
shaken and incubated at 37oC for 10 minutes. A standard
glucose solution was also similarly treated. They were
subsequently analyzed, using spectrophotometer; and
absorbance was read at 500ml against the reagent blank.
Glycogen levels in the samples were extrapolated from a
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graph of glucose concentration vs. absorbance (Cicik and
Engin, 2005).
2.2.8. Statistical Analysis
The susceptibility of the tadpoles to both pesticides was
determined by using the Probit (Probit software) method of
analysis (Finney, 1971), for median lethal concentration at
96 hours. Safe concentrations at 96 hours for each
developmental stage were obtained by multiplying the
lethal concentration by a factor of 0.1 (EIFAC, 1998).
Computation of confidence internal of mortality rate was
also obtained from the Probit analysis used to determine
the LC50. The two-factor ANOVA (analysis of variance)
in Microsoft Excel was used to test the variable at P< 0.05
level of significance. Multiple bar graphs and line graphs
were also generated in this study for the pictorial
representation of assessment endpoints.
3. Results
The results of the acute and chronic toxicity of tadpoles
of P. bibroni, exposed to varying concentrations of
Atrazine pesticides, are presented in Tables 1 and 2 and
further illustrated in Figures 1-3.
3.1. Control
No mortality or morphological changes were observed
in the controls for the 96-hour acute toxicity test at the
different developmental stages. Tadpoles in the control
experiment for both acute and chronic toxicity tests
appeared active and healthy throughout the test period.
The proportion of abnormal behavioral response in the
control was less than 10%.
3.2. Acute Toxicity
The tadpoles of P.bibroni, exposed to varying Atrazine
concentrations, recorded mortality in all the
concentrations. The mean percentage mortality was
increased with increase in concentration and exposure
duration for each developmental stage (Table I). This
indicated that mortality was concentration-dependent.
However, mortality was decreased with increase in the
developmental stages (Table 1). One hundred percent
(100%) mortality was observed in one (1) week old
tadpoles at 96 hours. Successive developmental stages of
two (2), three (3), and four (4) weeks showed a decrease in
percentage mortality at 96 hours of 90%, 80% and 75%
respectively (Figure ).
Derived 96-hour LC50 values for the different
developmental stages ranged between 230.058 –
431.323μg/L. Estimated 96-hours LC50 values were
increased with increase in developmental stages (Table II),
which is indicative of a decrease in mortality as the
tadpoles mature (Figures I). The Probit analysis also
showed that 96-hours LC50 values were also decreased
with increase in concentration. This indicates an increase
in toxicity with increase in concentrations and exposure
duration.
LC50 values for 96-hours toxicity test at one (1) post
hatch could not be determined by using the Probit analysis
since the maximum allowable difference of four (4)
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Table I. Mean Percentage Mortality of Tadpoles Exposed To Different Concentrations of Atrazine Pesticide at Successive Developmental
Stages.
Treatment Time
(Hours)

Conc. (μg/L)

24

0

48

72

96

Percentage (%) Mortality
1 week

2 weeks

3 weeks

4 weeks

0

0

0

0

200

18

10

5

5

400

20

15

13

8

600

45

30

25

18

0

0

0

0

0

200

38

35

23

15

400

65

55

33

23

600

95

68

45

38

0

0

0

0

0

200

65

40

30

20

400

98

70

50

35

600

100

83

63

58

0

0

0

0

0

200

95

43

38

28

400

100

80

63

45

600

100

90

80

75

Table 2. Relative Acute Toxicity of Atrazine Pesticides to P. Bibroni Tadpoles at 96 Hours.
Pesticide

Developmental
stages (Weeks)

LC50(95% CL) μg/L

Safe concentrations
at 96 hours(μg/L)

Probit line equation

Atrazine

1

-

-

-

2

230.058 (129.296297.353)
305.897(115.277461.692)
431.323(329.763633.268)

23.0058

-2.878+3.336XLog(Conc.)

30.5897

-2.37+2.07XLog(Conc.)

43.1323

-3.241+3.128XLog(Conc.)

3
4

Figure 1. Mean Percentage Mortality of Tadpoles Exposed to
Different Concentrations of Atrazine Pesticide at 96 Hours for the
Different Developmental Stages.

Figure 2. Mean Glycogen Level (μg/g) Of Tadpoles Exposed to
Different Sublethal Concentrations of Atrazine Pesticide at
Successive Developmental Stages.
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biochemical) effects on amphibian tadpoles with special
reference to P.bibroni.
4.1. Acute Toxicity
4.1.1. Variations in Percentage Mortality of Tadpoles with
Concentrations

Figure 3. Mean Percentage Behavioural Response of Tadpoles
Exposed to Different Concentrations of Atrazine Pesticide at 96
Hours for the Different Developmental Stages.

between successive mortalities was exceeded, and the very
high mortality was observed.
Safe concentrations at 96 hours for 2, 3, and 4 weeks
old tadpoles ranged between 23.0058 - 43.1323μg/L
(Table II).
Mean % mortality of tadpoles was significantly
affected by concentrations (F= 5.120, df = 9) at P<0.05
and developmental stages (F= 29.407, df = 9) at P<0.05.
3.3. Chronic Toxicity
Glycogen levels were used as an assessment endpoint
in the chronic toxicity test. The result showed that
glycogen levels of the amphibian tadpoles varied with
concentrations of the test chemical and with successive
developmental stages. The values obtained decreased with
increase in concentration (Figure 2). However, glycogen
values were observed to increase with each successive
developmental stage. The levels of glycogen observed in
the control experiments were higher than the test
experiments. This is indicative of the possible effect of the
pesticide on the glycogen levels of the tadpoles.
Mean glycogen level of tadpoles for Atrazine pesticides
was significantly different in the developmental (F=
13.460), but showed no significant difference in
concentrations (F= 1.493).
The concentrations also had varying degrees of
behavioral alternations in surviving tadpoles as observed
in the behavioral response for the pesticide. The behavioral
response was also concentration dependent (Figure 3). In
the highest treatment concentration for the different
developmental stages of the test organism, tadpoles
displayed abnormal avoidance response at approximately
three (3) hours post-treatment and some died in subsequent
days.
4. Discussion
Until recently, the adverse effects of pesticides on nontarget organisms have not been seriously considered in
Nigeria, and toxicological studies with amphibians are
relatively limited in number (Sparling et al., 2000,
Ezemonye and Enunekwu 2005). Consequently, only
limited data on the toxicity of Atrazine to amphibian
larvae of P. bibroni are available for comparison with the
results of this study. The results of the present study
further demonstrated that Atrazine could have adverse
direct (mortality) and indirect (physiological and

In this study, no observable mortality was reported in
all the control tests while varying degrees of mortality
were reported in the tests concentrations. This is also a
clear expression of the effects of the pesticides as possible
source of death of test organisms. The results from this
study clearly indicate that Atrazine varied greatly in their
effects on survival of P. bibroni. The highest mortality was
found at the highest concentrations, suggesting dosedependent survival and concentration graded lethality.
Atrazine did not affect larval survival in gray frogs
(Diana et al. 2000), Northern leopard frogs (Allran and
Karasov 2000), and American toads (Berrill et al. 1994).
However, significant lower survival was reported in
streamside salamander (Amoystoma barbouri) and spring
peepers (Pseudacros crucifer, Bufo americanus, Rana
clamitans and Rana sylvatica) at low concentrations of
3ppb and 4ppb respectively (Storrs and Kiesecker 2004,
Rohr et al. 2003). Atrazine produced mortality on Xenopus
laevis as reported by Freeman and Rayburn 2004; and is
consistent with this study.
The mortality of larvae could be explained by
bioconcentration of this agrochemical or by the
vulnerability of amphibian larval stages. Atrazine has been
reported to bioconcentrate in amphibian tadpoles (Allarn
and Karasov 2004, Naqvi and Vaishnqvi 1993, Saglio and
Trijasse 1998). This is an issue of serious ecological
consequence because this pesticide is retained in the
amphibian’s body tissues, which when fed on by a
predator can lead to concentration of the chemical from
one trophic level to the next (ASTM, 1998, Suter, 1993).
Larval mortality occurred most rapidly in the higher
concentrations of Atrazine than the controls, suggesting
that death may have been influenced by pesticide
concentrations.
The data from the present study suggests that exposure
of early developmental stages of tadpoles of P. bibroni to
Atrazine may have permanent effects on these amphibians.
They may not have any recovery from their exposure as
earlier reported by Rohr et al. (2003).
4.2. Stage Dependent Variation in Percentage Mortality
of Tadpoles of P. Bibroni
Pesticide toxicity and accumulation studies with
freshwater organisms of different trophic levels indicated
that uptake and toxicity of pesticides were stage-dependent
(Harris et al., 1998). Hall and Henry (1992), Holcomb et
al. (1987), also stated that many effects of pesticide
toxicity seem to be species or life-stage specific. Berrill et
al. (1998) describing the lethal and sublethal effects of
endosulphan pesticide, an organochlorine on the
development of embryos and tadpoles of R. sylvaltica, R.
clamitans and B.. americanus reported that different
developmental stages of these amphibians displayed
obvious differences in susceptibility. Two weeks-old
tadpoles of all species tested were sensitive, displaying
paralysis as the primary effects. This observation is
consistent with the results of this study, the percentage
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mortality values decreased with increase in developmental
stages for the amphibian species of P. bibroni. The varying
degree of mortality reported in this study is consistent with
the report of Sparling et al. (2001), who reported that
differences in an organism’s biological adjustment and
behavioral responses to changes in water chemistry and
osmotic conditions depend on the stages of development.
The implication of this observation is that the high level
contamination of the aquatic environment with pesticides
would adversely affect early developmental larval stages
of amphibian species.
The 4 weeks old larval stage was found to be a better
experimental material for ecotoxicological studies. This is
attributable to the observed higher survival rates of 4
weeks old tadpoles of P. bibroni, exposed to Atrazine, and
make them possible sentinel species for the pesticide. On
the other hand, the sensitivity of early-stage amphibian
larvae may be a more appropriate bioindicator for these
pesticides. It is therefore imperative that a test organism’s
stage of development should be clearly specified if valid
toxicologic comparisons are to be made.
4.3. Chronic and Sublethal Effects.
Sublethal exposure of amphibians to pesticides may be
valuable in assessing sensitivity to contaminants than
lethal effects (Little et al. 1990). This can have important
impacts on amphibian communities, and can be more
detrimental to amphibians than direct mortality.
4.4. Behavioural Response
Abnormal behavioral response of tadpoles in the
treatment concentrations positively correlated with the
concentration gradient, many tadpoles displaying abnormal
behavioral responses died in subsequent days. However,
behavioral response in the control treatment was normal.
Again, behavioral response in tadpoles increased as the
tadpoles mature. Alteration of normal behavioral response
could increase susceptibility to predation (Brodie et
al,.1983, Cooke 1997) and precede mortality
(Kreutzweiser et al. 1994). This supports the view that
abnormal behavioral alterations resulting from intoxication
are more sensitive measures of toxicity than mortality
(Brodie et al. 1983).
Tadpoles, displaying abnormal behavioral response,
were sluggish with impaired locomotion and distorted.
Similar effects could be problematic in natural
environments by increasing susceptibility to larvae
predation and reducing foraging capability. This could be
especially detrimental given that pesticides particularly
herbicides like Atrazine can also reduce or eliminate larval
food supplies (Howe et al. 1998). deNoyelles et al. (1982)
reported that Atrazine concentrations as low as 1- 4μg/L
inhibited phytoplankton growth and reduced dissolved
oxygen concentrations due to inhibition of photosynthesis.
Low oxygen concentrations, which may cause additional
stress and could only serve to magnify pesticide toxicity.
4.5. Glycogen Level
Glycogen level, an ecological endpoint of oxidative
stress was assessed in this study. The interactions of
chemicals in organisms are frequently associated with
depletion in storage glycogen, which is evident in
decreased energy production (Cicik and Engin, 2005). The
glycogen levels of tadpoles exposed to varying

concentrations of Atrazine were observed to vary
negatively with concentrations. Glycogen level was
highest in the control experiment. The depletion in the
glycogen levels in organisms. exposed to chemicals and
compared to the control experiment, is an indication of
probable toxicological effect as observed in oxidative
stress. The reduction in glycogen levels of tadpoles
exposed to varying test concentrations could be the result
of the pesticide affecting the activities of enzymes that
work in glycogenolysis (Fournier et al. 2004). There was a
general increase in glycogen levels at each successive
developmental stage, indicative of reduced toxicity with
development. The implication of this is that the glycogen
level reserves of early larval stages of the amphibian
species could be more adversely affected.
Some investigations have also showed that organic
contaminants like pesticides could decrease the glycogen
level of invertebrates and fish by affecting the activities of
enzymes that play active role in the carbohydrate
metabolism (Cicik and Engin, 2005). The loss of glycogen
(a secondary stress response) could be regarded as a
nonspecific response signifying stress, and this has been
linked to changes in cortisol during exposures in various
stressors (Wedemeyer et al. 1990).
5. Conclusion
The significant difference observed in the mortality
between the controls and the test concentration showed
that the pesticide may have impacted the death of the
tadpoles. The study showed that accidental and intentional
release of this pesticide into the aquatic environment could
threaten amphibian survival. Chronic exposure to Atrazine
resulted in reduced glycogen levels and, abnormal
avoidance response in tadpoles of P. bibroni. The results
obtained indicated the pesticide is toxic and could
bioconcentrate along food chain; therefore, it is imperative
that the use of Atrazine should be carefully monitored.
The amphibian assay described in this study can
therefore be used to assess the toxicity of Atrazine in the
course of regulatory surveillance and monitoring of the
waters in the Niger Delta ecological zones of Nigeria.
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Abstract
The effects of the natural form of vitamin E; alpha tocopherol and two forms of selenium; sodium selenite
and selenomethionine on the in vitro growth of the
human mammary cancer cell line; MCF-7 were
investigated. Two experimental protocols were used. In
the first, each of the test chemicals was included alone at
various concentrations. In the second, one of the two
selenium compounds was added at concentrations
ranging from 1.0 x 10 – 8 M and 1.0 x 10 – 4 M in the
presence of a fixed concentration of alpha - tocopherol
(1.0 x 10 – 9 M, 1.0 x 10 M - 8 M, or 1.0 x 10 -7 M). In the
individual treatment, high concentrations of all
compounds caused statistically significant, and
concentration – dependent decreases in cell viability.
These depressions were in the following order: alpha tochopherol › sodium selenite › selenomethionine. A
combined dose of alpha – tocopherol and each selenium
form maintained the same antiproliferative effects that
were elicited by higher independent concentrations. In
both protocols, a relatively higher inhibitory potency of
sodium selenite over selenomethionine was obvious.
Although the mechanisms of action are not well
understood, several ones are discussed.

هﺪﻓﺖ هﺬﻩ اﻟﺪراﺳﺔ اﻟﻰ اﻟﺒﺤﺚ ﻓﻲ ﺗﺎﺛﻴﺮات اﺛﻨﻴﻦ ﻣﻦ اﺷﻜﺎل اﻟﺴﻴﻠﻴﻨﻴﻮم
()ﺳﻴﻠﻴﻨﺎﻳﺖ اﻟﺼﻮدﻳﻮم و اﻟﺴﻴﻠﻴﻨﻮ ﻣﺜﻴﻮﻧﻴﻦ( و اﻟﺸﻜﻞ اﻟﻄﺒﻴﻌﻲ ﻟﻠﻔﻴﺘﺎﻣﻴﻦ )ﻩ
و هﻮ اﻟﻔﺎ ﺗﻮآﻮﻓﻴﺮول ﻓﻲ ﻧﻤﻮ اﺣﺪ ﺳﻼﻻت ﺧﻼ ﻳﺎ اﻟﻐﺪد اﻟﻠﺒﻨﻴﺔ اﻟﺒﺸﺮﻳﺔ
 ﺗﻢ ﺗﻨﻔﻴﺬ ﻧﻮﻋﻴﻦ ﻣﻦ اﻟﺘﺠﺎرب؛ اﻻول، و ﻟﻬﺬا اﻟﻐﺮض. اﻟﺴﺮﻃﺎﻧﻴﺔ
زرﻋﺖ ﻓﻴﻪ اﻟﺨﻼﻳﺎ ﻟﻤﺪة ﺳﺘﺔ اﻳﺎم ﺑﻮﺟﻮد آﻞ ﻣﺎدة آﻴﻤﺎوﻳﺔ ﺑﻤﻔﺮدهﺎ
 ﻓﻘﺪ اﺣﺘﻮى اﻟﻮﺳﻂ اﻟﻐﺬاﺋﻲ ﻣﺴﺘﻮﻳﺎت، اﻣﺎ ﻓﻲ اﻟﺜﺎﻧﻲ.ﺑﺘﺮآﻴﺰات ﻣﺨﺘﻠﻔﺔ
 اﺿﺎﻓﺔ اﻟﻰ ﺗﺮآﻴﺰ ﻣﺤﺪد ﻣﻦ اﻟﺘﻮآﻮ،ﻣﺘﻔﺎوﺗﺔ ﻣﻦ اﺣﺪ ﺷﻜﻠﻲ اﻟﺴﻴﻠﻴﻨﻴﻮم
 ان اﻟﺘﺮاآﻴﺰ اﻟﻌﺎﻟﻴﺔ ﻣﻦ اﻟﻤﻮاد اﻟﺜﻼث ﺳﺒﺒﺖ، وﺑﻴﻨﺖ اﻟﻨﺘﺎﺋﺞ.ﻓﻴﺮول
 و ﻳﻤﻜﻦ.ﺗﻨﺎﻗﺼﺎ ذ ا دﻻﻟﺔ اﺣﺼﺎﺋﻴﺔ ﻗﻲ ﻧﺴﺒﺔ اﻟﺨﻼ ﻳﺎ اﻟﺘﻲ ﺑﻘﻴﺖ ﺣﻴﺔ
ﺗﺮﺗﻴﺐ هﺬا اﻻ ﺛﺮ ﻓﻲ اﻟﺘﻨﺎﻗﺺ ﻣﻦ اﻟﻌﺎﻟﻲ اﻟﻰ اﻟﻤﻨﺨﻔﺾ ﻋﻠﻰ اﻟﻨﺤﻮ
 وﻋﻨﺪ اﺿﺎﻓﺔ اﺣﺪ. اﻟﺴﻴﻠﻴﻨﻮ ﻣﺜﻴﻮﻧﻴﻦ، اﻟﺴﻴﻠﻴﻨﺎﻳﺖ، اﻟﻔﺎ ﺗﻮآﻮﻓﻴﺮول:اﻵﺗﻲ
 ﻇﻬﺮت زﻳﺎدة واﺿﺤﺔ ﻓﻲ ﻣﻘﺪرة،ﻣﺮآﺒﻲ اﻟﺴﻴﻤﻴﻨﻴﻮم و اﻟﻔﻴﺘﺎ ﻣﻴﻦ ﻣﻌﺎ
 ﻣﺎ زاﻟﺖ هﻨﺎك ﺣﺎﺟﺔ ﻻﺟﺮاء ﻣﺰﻳﺪ.اي ﻣﻨﻬﻤﺎ ﻓﻲ ﻗﺘﻞ اﻟﺨﻼﻳﺎ اﻟﺴﺮﻃﺎﻧﻴﺔ
ﻣﻦ اﻟﺒﺤﻮث ﻟﻠﻜﺸﻒ ﻋﻦ ﻃﺒﻴﻌﺔ هﺬﻩ اﻟﺘﺎ ﺛﻴﺮات و اﻣﻜﺎﻧﻴﺔ اﻻﻓﺎدة ﻣﻨﻬﺎ ﻓﻲ
ﻣﻜﺎﻓﺤﺔ ﺳﺮﻃﺎن اﻟﺜﺪي
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1. Introduction

*

Specific nutrients and dietary constituents are known to
be important players in cancer prevention and treatment
(Go et al., 2003; Kritchevsky, 2003; Bingham and Riboli,
2004; Menach et al., 2004). It is becoming increasingly
clear that treatment of aggressive cancers that have
metastasized to distant secondary sites is a daunting task,
and expectations that a single agent will eliminate such
cancers are not realistic. Furthermore, a chemopreventive
agent should ideally be synthetic or natural component of
the diet, and must be non-toxic to the host. Breast cancer
has become the second cause of death in women, after
lung cancer, and the leading cause of death for women
between 35 and 54 (Kamangar et al., 2006). Worldwide,
every year approximately one million women are newly
*
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diagnosed with breast cancer. Selenium (Se) and vitamin
E (VE), both naturally occurring, are antioxidants. They
are capable of neutralizing toxins known as free radicals
that otherwise damage the genetic material of the cell and
impair the immune system and possibly lead to cancer
(Ambrosone, 1999; Thomson et al., 2007). Free radicals,
specifically hydroxyl radicals, have been implicated in
spread (metastasis) of breast cancer (Brown and Arthur,
2001). Researchers have determined that women with
metastasized breast cancer exhibit twice as much as free
radical damage to the breast tissue DNA than women with
localized cancer do (Malins et al., 1996).
Accumulating evidence indicates that Se compounds
possess anticancer properties (Beisel, 1982; Medina, 1986;
Letavayova et al., 2006). Blood levels of selenium have
been reported to be low in patients with prostate cancer
(Willett et al., 1983). In preliminary reports, people with
the lowest blood levels of Se had between 3.8 and 5.8
times the risk of dying from cancer compared with those
who had the highest selenium levels (Salonen et al., 1985;
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Fex et al., 1987). In cultured tumor cells, supplementation
with Se inhibited tumor growth and stimulated apoptosis
(programmed cell death) (Ip and Dong, 2001). Selenite, an
inorganic Se compound, was reported to induce DNA
damage, particularly DNA strand breaks and base damage
(Letavayova et al., 2006).
Relatively high blood levels of VE have been
associated with relatively low levels of hormones linked to
prostate cancer (Hartman et al., 1999). While a
relationship between higher blood levels of VE and a
reduced risk of prostate cancer has been reported only
inconsistently (Hartman et al., 1998; Eicholzer et al.,
1999), supplemental use of VE (Chan et al., 1999) has
been associated with a reduced risk of prostate cancer in
smokers. In a double-blind trial studying smokers, VE
supplementation (50 IU of VE per day for an average of
six years) led to a 32% decrease in prostate cancer
incidence and a 41% decrease in prostate cancer deaths
(Heinonen et al., 1998). Both findings were statistically
significant (Heinonen et al., 1998). In the latter study,
however, VE, in vitro, has been shown to enhance the
cytotoxic effect of several anticancer drugs.
The goal of this study is to test the validity of the
synergistic hypothesis of VE (in the form of natural
source; alpha- tocopherol; α-TOH) with inorganic
(selenite) and organic (selenomethionine; SeMet)
selenium, on the inhibition of the in vitro growth of the
MCF-7 human epithelial mammary cancer cell line. The
remarkable capacity of mammary epithelium to undergo
development and differentiation provides a research model
in which the factors that influence growth, proliferation,
morphologic patterning, and differentiation can readily be
explored.
2. Materials and Methods

(penicillin and streptomycin, Gibco BRL) and 1 ml of
antimycotics (fungizone, Squibb) per one liter of DMEM.
Untreated cells were grown in monolayer in T-75
plastic culture flasks. Treated cells were grown in
monolayer in 6-well polystyrene plates (dia. 33 mm). All
cultures were kept in an atmosphere of 5% CO2 at 37 ºC.
Untreated cells were fed with fresh supplemented DMEM
medium on average of every three days.
2.3. Treatment
The treated cells were plated into 6-well plates with 2.5
ml of supplemented DMEM at initial density of 2.5 x 10 4
viable cells per well. One day after plating (to allow cells
to attach to the surface of the well), solutions of α-TOH, or
selenite or SeMet or various combinations, freshly
prepared as mentioned above, were added to the wells in
2.5 ml aliquots of supplemented DMEM. α-TOH was
7
administered alone at 1.0 x 10 -5, 1.0 x 10 -6, 1.0 x10 ֿ , 1.0
8
x 10 ֿ , and 1.0 x 10 –9 M. Selenite and SeMet were
administered individually at 1.0 x 10 ֿ 4, 1.0 x 10 -5, 1.0 x
10 -6, 1.0 x 10 -7, and 1.0 x 10-8 M. Combinations of αTOH and Se were performed by keeping concentrations of
α-TOH constant and varying those of the Se forms. α-TOH
was administered to all cultures at 1.0 x 10-7 M and selenite
or SeMet added in varying amounts of 1.0 x 10 -5, 1.0 x 10
-6
, 1.0 x 10 -7, and 1.0 x 10 -8 M. The same was repeated
with α-TOH being kept at 1.0 x 10 -8 M in all the wells and
then again at 1.0 x 10 - 9 M, and the Se compounds were
given at the various concentrations indicated above. The
control wells were plated at the same time as the treated
ones with 2.5 ml of supplemented DMEM and incubated
for one day. An additional 2.5 ml of supplemented DMEM
containing 0.1% EtOH were added to the control wells
when the other wells were treated with 2.5 ml of treated
supplemented DMEM.
2.4. Cell Harvesting

2.1. Test Chemicals
α-TOH (from Sigma - Aldrech; Steinheim, Germany)
was dissolved in ethanol (EtOH), and then taken through
step-wise dilutions until the desired concentrations were
reached. The final dilution using media brought the final
concentration of EtOH to 0.1%, so that it does not affect
the cell growth. Selenite and SeMet (both from Sigma –
Aldrech) were dissolved step-wise in media until the
desired concentrations were reached. Enough EtOH was
added to the final Se solutions to bring the 0.1% EtOH.
2.2. Cells and Cell Culture
The human mammary epithelial cancer cell line, MCF7, is derived from a Caucasian woman with metastatic
breast cancer (no. 86012803, European Collection of Cell
Culture, Salisbury, UK). This cell line is fully
characterized, hormonally responsive and carries various
steroid hormone receptors, including estrogen receptors
(Marth et al., 1985). Cultures were made and maintained
according to Maras et al. (2006). Briefly, the cells were
cultured in standard growth medium (Dulbecco’s
minimum essential medium; DMEM, Gibco BRL, Life
Technologies, Paisley, Scotland) supplied with 2 mM
glutamine, 1 % nonessential amino acids, 15% heatinactivated fetal bovine serum (FBS, Gibco BRL), phenol
red as an indicator of pH, 1 ml of each antibiotic

Harvesting was always done before the untreated cells
become confluent or 6 days after treatment. The untreated
cells were always fed the day before harvesting to reduce
the trauma caused by the process. After the medium was
removed, the cells were washed twice with cool Hank'sbalanced salt solution (HBSS) to remove any residual
medium. Then, the cells were washed once with 0.1%
trypsin. After that, the cells were detached from the flasks
or the wells with trypsin and EDTA (0.04%) in a 2: 1 ratio,
while on a hot plate at 37 ºC. The detached cells were
quickly washed into centrifuge tubes with ambient
supplemented DMEM at quantities 10 times that of trypsin
in the flask and centrifuged at 1000 rpm for 5 min. The
cells were then re-suspended in fresh DMEM plus
antibiotics. A small portion of cells was aliquoted for
counting and the rest, if untreated, was re-plated at
appropriate concentrations.
2.5. Cell Counting/ Viability
The cells were counted using a hemocytometer. The
viability was checked by the trypan blue exclusion test.
2.6. Phase-contrast Light Microscopy
Black and white photographs of MCF-7 cells in culture
were taken using a camera attached to a phase-contrast
microscope.
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2.7. Scanning Electron Microscopy
The scanning electron micrographs were taken while
the cells were plated in Petri dishes containing circular
cover slips with diameters of 12 mm. After that, the
supplemented DMEM was removed very gently, and the
cells were fixed by very slowly adding glutaraldehyde.
After one day, the fixative was removed, and the cells
were dehydrated in increasing concentrations of anhydrous
EtOH (70%, 95% and 100%); two washings in each
concentration for a minimum of 5 min., each. Once the
cells were in 100% EtOH, EtOH was removed using CO2
Critical Point Drying. Then, the cover slips were mounted
onto the scanning electron microscope (SEM) stubs with
silver paints. After allowing the silver paints to dry, the
cover slips were gold coated and placed into the SEM for
observation and photography.
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an inhibition of 87 %. At this concentration, the viabilities
of the independently treated cells (Table 1 and Figure 4) as
well as in those treated in combination (data not shown in
table 1) were all approximately 90 %.

2.8. Statistics.
Results are expressed as means ± SD of three
determinations. Using SPSS, values of control and
treatment cells were compared by applying ANOVA on
the whole treatments followed by two-sample Student’s t
test between control and each treatment group. The
statistical significance of difference (P ≤ 0.05) for the
treatment groups was determined relative to the control
group.
3. Results
The shape of the MCF-7 is density-dependent. When
plated at low density (1.0 x 10 4 cells/ cm²), MCF-7 form
islands of cells. The cells can migrate outward from a
group in an amebiod fashion (Figure 1). Migrating cells
appear thinner and more elongated producing a more
three-dimensional cell than when stationary. When
stationary, cells are provided with enough space and
flatten out producing a clear distinction between the
endoplasm and the ectoplasm (Figure 2). A degree of
polyploidy is evident, and the nucleus usually contains one
large dense nucleolus, but may contain as many as five and
the presence of two is not uncommon. The exterior of the
cells is covered with microvilli (Figure 3).

Figure1. Scanning electron micrograph of an MCF-7 human
mammary epithelial cancer cell in supplemented DMEM (1000
X). The cell was in the process of extending and retracting
pseudopodia to move itself across the cover slip on which it was
growing. The white speckles are microvilli, which are less
numerous as one goes towards the ends of pseudopodia. The dark
patch and breaks in the pseudopodia are artifacts incurred during
the drying process.

3.1. Independent Chemical Administration
The number of control MCF-7 cancer cells harvested at
the end of culture period (2.66 x 10 5 cells /well) is used as
a standard to 100 % proliferation of the cells. Figure (4)
presents the degree of potency between individual
treatments with α-TOH, selenite or SeMet. An increase in
the concentration of α-TOH from 1.0 x 10 -9 M to 1.0 x 10 5
M, as well as selenite and SeMet from 1.0 x 10 -8 M to
1.0x 10 -4 M resulted in clear progressive increases in the
inhibition of the proliferation of the MCF-7 cancer cells. In
general, there were statistically significant differences (p≤
0.05) between the higher concentrations used for each
compound relative to the negative control. Also, at all
concentrations used, except at 1.0 x 10 -9 M (α-TOH) and
the lowest two concentrations of selenium (1.0 x 10 -8 M
and 1.0 x 10 -7 M), which showed viability values slightly
above the control cell viabilities were far below those of
the negative control. At a concentration of 1.0 x 10 -6 M,
α-TOH showed an inhibition of 37 %, selenite
demonstrated an inhibition of 60 %, and SeMet produced

Figure2. A phase-contrast micrograph of live MCF-7 human
mammary epithelial cancer cells plated in monolayer in
supplemented DMEM (200 X). [a] cells moving across the flask
surface. These cells appear dark due to reduced transmitted light
through these thicker and more elongated cells than stationary
cells [b]. The latter cells have outer, lighter and homogenous
ectoplasm as opposed to the inner, darker and heterogeneous
endoplasm.
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from the significant lines-shift to the left of the combined
treatments towards lower concentrations for the same
percent proliferation of the control. Table (1) shows the
trends of the additive effects on inhibition of proliferation
produced by combined treatment and the relative higher
potency of selenite over SeMet.
When α-TOH was used alone at 1.0 x 10 -7 M, the cells
were inhibited to 55 % of the control. Selenite, alone, at
1.0 x 10 -6 M inhibited the cell growth to 60 % of the
control. Figure (5) shows that when α-TOH at 1.0 x 10 – 7
M and selenite at 1.0 x 10 -6 M were used together, much
lower percentages of viability relative to control were
observed. Similarly, α-TOH, at the same level, in the
presence of 1.0 x 10 -6 M SeMet decreased the number of
viable cells to 50 % of the control; which is again below
the values recorded for either of the individual treatment;
55 % and 87 % for α-TOH and SeMet, respectively ( Table
1 and Figure 6). A higher concentration of SeMet (1.0 x 10
-5
M) was needed to lower cell viability to 35 % (close to
the level [33%] produced with selenite at 1.0 x10 -6 M).
Similar differential inhibition patterns were exhibited
when α-TOH was applied at 1.0 x 10 -8 M (Table 1 and
figures 7 and 8) and at 1.0 x 10 -9 M (Table 1 and figures 9
and 10) with either forms of selenium.
Figure3. Scanning electron micrograph of a portion of the surface
of an MCF-7 human mammary epithelial cancer cell in
supplemented DMEM (10000 X). Note the presence of microvilli
displayed on the cell surface. The aggregation of microvilli near
the bottom of the picture is obviously some form of arrested
cellular-surface activity, the function of which is not clear. The
small darker holes are artifacts incurred during the drying process.

Figure5. Dose - dependent effects on proliferation of MCF-7
cells by combined treatment of alpa-tocopherol (α-TOH) at
1.0 x 10 -7 M with varying concentrations of sodium selenite
(selenite). The effects of individual treatment of selenite are
plotted for comparison. The horizontal rectangle represents
the effects on proliferation of the constant concentration of
the α-TOH with the vertical component indicating standard
deviation. Other experimental conditions are as in legend of
Figure 4. Dose - dependent effects on proliferation of MCF-7 cells
by individual treatments. Each data point represents the mean of
readings from three wells and the vertical lines are the standard
deviations. The results are expressed as percents of the number of
cells in the control group (100 % being the control which
corresponds to 2.66 x 10 5 cells /33 mm. dia. Well). One day after
plating, the cells were independently treated with the indicated
concentrations for 6 days.

3.2. Combined Chemical Treatment
In the second protocol, addition of α-TOH with either
selenite or SeMet produced a synergistic increase in the
level of inhibition of the MCF-7 cells. This is obvious

figure. 4.

4. Discussion
This study has demonstrated that α-TOH, selenite, and
SeMet caused concentration- dependent decreases in the
number of cells harvested as evidenced by the reductions
in the cell viability. These decreases may be due to the
inhibition of cell proliferation rather than cytotoxicity of
the compounds used. The antiproliferative efficacy of the
three test chemicals was in the following decreasing order:
α-TOH, selenite, SeMet. Furthermore, synergism between
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α-TOH and both forms of selenium has been illustrated by
treating MCF-7 cells with a combined regimen of α-TOH
with a selenium compound. A combined dose of α-TOH
and selenium maintained the same antiproliferative effects
that were elicited from higher individual concentration. At
a certain level of α-TOH administration, higher
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concentrations of SeMet were needed to produce
equivalent inhibitions than those recorded under lower
concentrations of selenite.
In reviewing the literature to compare our findings, very few
published investigations were encountered. In the present

Table1. Inhibition of proliferation of the MCF-7 human epithelial mammary cancer cell line by α-tocopherol (TOH), sodium selenite
(Selenite) and selenomethionine (SeMet) administrated individually or in combination.

•

•

The percents in this column are the number of individually treated cells harvested as percentage of the number of control cells (cells
untreated supplemented DMEM plus 0.1 % ethanol) harvested. The number of control cells harvested is equal to 100 %. The MCF-7
cells were either treated with α-TOH, selenite, or SeMet.
The percents in these three columns are the number of cells harvested after combined treatments as a percentage of the number of
control cells harvested. The number of harvested cells is normalized to 100 %. The MCF-7 cells were treated with various
concentrations either selenite or SeMet in presence of a constant concentration of 1.0 x 10 -7 M, 1.0 x 10 -8 M, or 1.0 x 10 -9 M.

experiments, consistent changes in the cell shape and
appearance of MCF-7 cells were observed 6 days following
treatment with α-TOH and/or selenium. Similar results were
reported by Schwartz and Shklar (1992) who studied the cytotoxic
effects of α-TOH on the in vitro growth of breast and other human
tumor cell lines. Although not directly comparable, these findings
may explain the observed cellular changes.

The exact molecular mechanisms underlying the development
of breast cancer in general and estrogen-associated breast
carcinogenesis, in particular, are not completely understood. It is
generally believed that the initiation of breast cancer results from
uncontrolled cell proliferation, as a consequence of cumulative
genetic damages that lead to genetic alterations. In this regard,
several molecular defects in the BRCA1 and BRCA2 have been
associated with increased incidence in breast cancer (Bonadona et
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Figure 6. Dose - dependent effects on proliferation of MCF-7 cells
by combined treatment of α-TOH at 1.0 x 10 -7 M with varying
concentrations of selenomethionine (SeMet). The effects of
individual treatment of SeMet are plotted for comparison. Other
experimental conditions are as in legends of figs. 4 and 5.
Figure 8. Dose - dependent effects on proliferation of MCF-7 cells
by combined treatment of α-TOH at 1.0 x 10 -8 M with varying
concentrations of SeMet For details see legend of figure.6

Figure 7. Dose - dependent effects on proliferation of MCF-7 cells
by combined treatment of α-TOH at 1.0 x 10 -8 M with varying
concentrations of selenite. For details see legend of figure.5.
al., 2005; Vasickova et al., 2007; Krajc et al., 2008). The
possibility that has been raised is that decreased lipid peroxidation
may be a mechanism responsible, at least in part, for the increased
risk associated with several hormonal and non-hormonal risk
factors for breast cancer (Ambrosone et al., 1999; GagoDominguez et al., 2005). Selenium has several anti-carcinogenic
properties, including protection against oxidation and enhancing
nucleotide excision repair. In non-dividing cultured human skin
fibroblasts, selenocystine induced significant levels of DNA repair
(Whiting et al., 1980). In addition, when women with BRCA1
mutation were given Se for three months, the number of
chromosome breaks (which can lead to breast cancer) was reduced
to normal level (Kowalska et al., 2005). The effects of selenium

Figure 9. Dose - dependent effects on proliferation of MCF-7 cells
by combined treatment of α-TOH at 1.0 x 10 -9 M with varying
concentrations of selenite. For details see legend of figure.5.
compounds on the expression levels of growth arrest and DNA
damage-inducible (gadd) genes, and on selected cell death genes
were examined in mouse mammary MOD cells (Kaeck et al.,
1997). Selenium induced growth arrest and death of these cells.
They also induced specific patterns of expression of gadd genes
indicating that these genes may mediate some selenium-induced
cellular responses. The findings further imply that selenium
compounds may be effective chemopreventive agents for human
breast carcinogenesis, in which p53 mutations are frequent.
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Recently, evidence showing an association between Se, reduction
of DNA damage, and oxidative stress together with data showing
an effect of selenoprotein genotype on cancer risk implies that
selenoproteins are indeed implicated (Rayman, 2005).
The observations of this study, as well as those of others, are in
accord with previous reports indicating that Se may lead to cell
death, and hence delay in cell proliferation as a result of decreased
protein (Vernie, 1984) or RNA (Billard and Peets, 1974)
synthesis. Another possibility is that selenium, as an important
component of the antioxidant enzyme glutathione peroxidase
(GPX), inhibits cell proliferation; and in animal studies protects
against a variety of cancers (Ip, 1986) including rat mammary
tumors (Chidambaram and Baraclarajon, 1996). In another study
(Al-Jassabi and Khalil, 2007), selenium was able to protect mouse
liver from microcystin-induced oxidative damage. This was
evidenced from the favorable changes in the biochemical markers;
alanine transaminaes (ALT), liver glycogen content, thiobarbituric
acid (TBA), GPX and glutathione-s-transferase (GST).

Figure 10. Dose - dependent effects on proliferation of MCF-7
cells by combined treatment of α-TOH at 1.0 x 10 -9 M with
varying concentrations of SeMet For details see legend of
figure.6.
With respect to VE, it was reported that women who did not
take this vitamin had a 3.8 times higher risk than did women who
were supplemented with VE (Ambrosone et al., 1999). A form of
VE called VE succinate (VES) has been shown to inhibit the
proliferation of estrogen receptor- negative human breast cancer
cell lines (Turley et al., 1997). This action, at least in part, is due
to induction of apoptosis (or cell death to cancer cells) by VES
(Zhao and Yu, 1997). In some experiments (King and McCay,
1983), VE also inhibited mammary tumors in rodents. Not only do
the tocopherols quench several of the oxygen free radicals, such as
peroxyl, singlet oxygen, and superoxide, but they appear to
neutralize some of the nitrogen species as well (Cooney et al.,
1993). Nitrogen dioxide, in biological systems, has been
recognized as a possible carcinogen that can deaminate DNA
bases, resulting in mutations (Christen et al., 1997). In a review of
seven case-control and three prospective studies, an inverse
association was found between vitamin E intake and breast cancer
incidence (Kimmick et al., 1997). Significant inverse relationship
between VE intake and pre-menopausal women with a family
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history of breast cancer was also reported (Ambrosone et al.,
1999).
In vitro, VES has been shown to be a potent inhibitor of
murine (Slack and Proulx, 1989) and human neuroblastoma
(Helson and Parasad, 1983), rat glioma cells (Rama and Prasad,
1983) murine B-16 melanoma cells (Prasad and Edwards-Prasad,
1982), human prostate carcinoma cells (Ripoll et al., 1986), avian
lymphoid cells (Kline et al., 1990a) and human promyelocytic
cells (Turley et al., 1997). In a more recent study, Al-Jassabi and
Khalil (2006) have shown that VE is capable of reducing
microcystin-induced damage if administered prior to toxin dose.
This effect was explained by VE radical scavenging potentials
through inhibition of 8-hydroxydeoxyguanosine, a biomarker for
oxidative damage, and generation in DNA. Vitamin E, including
the tocotrienols, possesses important cellular functions outside its
antioxidant activity, especially in the case of the malignant cell. It
was shown that RRR-alpha-tocopherol succinate demonstrated a
powerful ability to induce apoptosis in MDA-MB-435 human
breast cancer cells in culture (Yu et al., 1997a). At four days
following exposure, 74% of the cells were apoptotic. Utilizing
antibodies to block Tumor Growth Factor (TGF)-beta, it was
shown that the cytotoxic effect of VES could be completely
blocked, indicating that the apoptosis was induced by stimulating
TGF-beta production. In a further study, Yu and colleagues
exposed murine EL-4 T-lymphocytes to VES and found a 95%
apoptosis rate within 48 hours (Yu et al., 1997b). Analysis
demonstrated that the cells treated with VES were locked in G1
cell cycle phase, with decreased c-myc and increased bcl-2, c-fos,
and c-jun mRNAs. There was also an increase in the
transcriptional factor (activation protein1, AP-1) binding. The
exact cause of the induced apoptosis remains unknown and is not
entirely related to TGF-beta since VES can induce cell arrest in
non-TGF-beta-responsive human prostate cells. It is important to
note that cell arrest and cell growth inhibition affect only cancer
cells and not normal cells which makes VES a valuable adjunct in
the treatment of cancer. Another way VE affects cancer growth is
by stimulating the immune system. Vitamin E has been shown to
enhance both cellular and humoral immunity and to induce
macrophages to produce elevated levels of interleukin-1 (IL-1)
and/or down-regulate prostaglandin E2 (PGE2) synthesis
(Tengerdy and Brown, 1977; Kline et al., 1990b; Meydani et al.,
1990). Elevated PGE2 is known to suppress immunity. Vitamin E
has been shown to inhibit the activation of phospholipase A2 and
hence the initiation of the eicosanoid cascade (Douglas et al.,
1986).
In conclusion, selenium at both low and high concentrations
induced growth arrest and death of human breast cancer MCF-7
cells and enhanced rather than antagonized the anticancer effect of
α-TOH. The mechanism(s) of this enhanced interactive effect is
not clear yet, but may be related to their complementary action as
antioxidants. Although these results have been generated with an
in vitro system using a single cell line, they are encouraging and
provide some scientific justification for further research using
other mammary carcinoma cell lines as well as for clinical testing
in both pre- and post-menopausal breast cancer patients.
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Echis (Geoffroy Saint-Hilaire, 1827) دراﺳﺔ ﺣﻮل ﺗﻐﺬﯾﺔ أﻓﻌﻰ اﻷھﺮام
اﻟﻤﻤﻠﻜﺔ اﻟﻌﺮﺑﯿﺔ اﻟﺴﻌﻮدﯾﺔ،  ﻓﻲ ﻣﻨﻄﻘﺔ ﺟﺎزانpyramidum
ﺳﻨﺎء ﻋﺒﺪاﻟﺮؤوف ﻋﻮدات * و أﺣﻤﺪ ﺑﻦ ﻣﮭﺠّﻊ اﻟﻔﺮﯾﺴﻲ
 ﺟﺎﻣﻌﺔ ﺣﺎﺋﻞ،  ﻗﺴﻢ اﻟﻌﻠﻮم/  ﺟﺎﻣﻌﺔ ﺣﺎﺋﻞ و ﻛﻠﯿﺔ اﻟﺘﺮﺑﯿﺔ،  ﻗﺴﻢ اﻟﺠﻐﺮاﻓﯿﺎ/ ﻛﻠﯿﺔ اﻟﺘﺮﺑﯿﺔ

Abstract
An ecological study was conducted on the E. pyramidum
for one year- from March 2003 to February 2004- in
Jazan district in Kingdom of Saudi Arabia, the habitat of
this viper.
Following an anatomy of the E. pyramidum, the
present study found out that in the summer, its favorite
food is toads (40.48%) and in the winter it is arthropods
(14.28%) and rodents (7.14%). Water resources are
available to the toads throughout the year but the
different temperature during winter minimizes the viper's
activity around water areas and plains, thus unable to
feed on these toads. For this reason, it feeds on rodents in
winter and possibly birds though there is no anatomy
evidence for that. Although garra tibanica is found in
these waters, the anatomy did not prove that the viper fed
on this kind of fish. On the contrary, this study proved
that the E. pyramidum feed on two other kinds of vipers
living in the same environment which are Nebo
hierichonticus (2.38%) and Leiurus quinquestriats
(2.38%) in addition to Gryllus bimaculatus (26.43%) and
lizards.
In this respect, the study concluded that E.
pyramidum is carnivorous and is selective in its feeding
during suitable environmental and climatic conditions. It
was also found out that its daily activity differs according
to the seasons; during the summer, the viper delays its
activity until sunset which is often near the water area
and plains. After feeding, it moves to the edges of high
valleys where there are lower temperature and air
currents. In winter, the viper is active with nightfall
where its activity decreases with the advent of night and
is limited to trees and between the rocks where it has
been noticed that its activity coincides with that of the
preys. The present study also proved that the E.
pyramidum drinks from the water resources and referred
to the fact that the viper's manner of hunting depends on
the type of prey.

اﻟﻤﻠﺨﺺ
E. ﺗﻢ ﺧﻼل ھﺬه اﻟﺪراﺳﺔ اﻟﺘﻄﺮق إﻟﻰ دراﺳﺔ ﺗﻐﺬﯾﺔ أﻓﻌﻰ اﻷھﺮام
 ﻋﻠﻰ ﻣﺪار ﻋﺎم ﻛﺎﻣﻞ ﺧﻼل اﻟﻔﺘﺮة ﻣﻦ ﺷﮭﺮ ﻣﺎرسpyramidum
م ﻓﻲ ﻣﻨﻄﻘﺔ ﺟﺎزان ﻣﻦ اﻟﻤﻤﻠﻜﺔ اﻟﻌﺮﺑﯿﺔ2004 م إﻟﻰ ﺷﮭﺮ ﻓﺒﺮاﯾﺮ2003
. اﻟﺴﻌﻮدﯾﺔ واﻟﺘﻲ ﺗﻤﺜﻞ ﻣﻜﺎن ﺗﻮاﺟﺪ ھﺬا اﻟﻨﻮع
وﻗﺪ أوﺿﺤﺖ اﻟﺪراﺳﺔ اﻟﺤﺎﻟﯿﺔ وﻣﻦ ﺧﻼل )دراﺳﺔ ﻣﺤﺘﻮﯾﺎت ﻣﻌﺪة ( أﻓﻌﻰ
،( %40.48 ) اﻷھﺮام إﻟﻰ أن اﻟﻐـﺬاء اﻟﻤﻔﻀﻞ ﻟﮭﺎ ﺻﯿﻔﺎً ھﻮ اﻟﻌﻼﺟﯿﻢ
وﺷﺘﺎءاً ﻣﻔﺼﻠﯿﺎت اﻻرﺟﻞ ﻛﺬﻟﻚ ﺑﯿﻨﺖ اﻟﺪراﺳـﺔ ﺗﻐﺬي أﻓـﻌـﻰ اﻷھـﺮام
 ﻋﻠﻰ ﻧﻮﻋـﯿﻦ ﻣﻦ اﻟﻌﻘﺎرب ﯾﺸﺎرﻛﻮﻧﮭﺎ ﻧﻔﺲ اﻟﺒﯿﺌﺔ ھﻤﺎE. pyramidum
 ( و ﻋﻘﺮب ﻓﻠﺴﻄﯿﻦ اﻟﺼﻔﺮاء%2.38 ) Nebo hierichonticus ﻋﻘﺮب
( وﺻﺮﺻﻮر اﻟﺤـﻘـﻞ اﻷﺳﻮد%2.38 ) Leiurus quinquestriats
.( %2.38)  ( واﻟﺴﺤﺎﻟﻲ%26.43 ) Gryllus bimaculatus
وﺧﻠﺼﺖ اﻟﺪراﺳﺔ ﻓﻲ ھﺬا اﻟﺠﺰء إﻟﻰ أن أﻓﻌﻰ اﻷھﺮام ﺣﯿﻮاﻧﯿﺔ اﻟﺘﻐﺬﯾﺔ
وأﻧﮭﺎ ذات ﺗﻐﺬﯾﺔ ﻣﺘﺨﺼﺼﺔ ﻓﺒﺮﻏﻢ ﻣﻦ ﺗﻮاﺟﺪ اﻟﻌﺪﯾﺪ ﻣﻦ اﻟﻔﺮاﺋﺲ إﻻ أﻧﮭﺎ
 ﻛﻤﺎ أﺷﺎرت. ذات ﺗﻐﺬﯾﺔ اﻧﺘﻘﺎﺋﯿﺔ ﻋﻨﺪ اﻟﻈﺮوف اﻟﺒﯿﺌﯿﺔ واﻟﻤﻨﺎﺧﯿﺔ اﻟﻤﻨﺎﺳﺒﺔ
اﻟﺪراﺳﺔ اﻟﻨﺸﺎط اﻟﯿﻮﻣﻲ ﻟﻸﻓﻌﻰ ﺣﺴﺐ ﻓﺼﻮل اﻟﺴﻨﺔ ؛ ﻓﻔﻲ ﻓﺼﻞ اﻟﺼﯿﻒ
ﯾﺘﺄﺧﺮ ﻧﺸﺎط اﻷﻓﻌﻰ إﻟﻰ ﻣﺎ ﺑﻌﺪ ﻏﺮوب اﻟﺸﻤﺲ وﯾﻜﻮن ﻗﺮب اﻟﻤﺴﻄﺤﺎت
 وﺑﻌﺪ اﻟﺘﻐﺬي ﺗﻨﺘﻘﻞ إﻟﻰ ﺣﻮاف اﻷودﯾﺔ. اﻟﻤﺎﺋﯿﺔ وﻓﻲ اﻟﻤﻨﺎﻃﻖ اﻟﻤﻔﺘﻮﺣﺔ
 أﻣﺎ ﻓﻲ. اﻟﻤﺮﺗﻔﻌﺔ ﺣﯿﺚ ﺗﻘﻞ درﺟﺔ اﻟﺤﺮارة وﺗﺘﻌﺮض ﻟﻠﺘﯿﺎرات اﻟﮭﻮاﺋﯿﺔ
اﻟﺸﺘﺎء ؛ ﻓﯿﻜﻮن ﻧﺸﺎﻃﮭﺎ ﻣﻊ اﻟﻐﺴﻖ وﻟﻜﻦ ﯾﻨﺤﺼﺮ ﻧﺸﺎﻃﮭﺎ ﻣﻊ ﺗﻘﺪم اﻟﻮﻗﺖ
 ﻛﻤﺎ ﻟﻮﺣﻆ أن ﻓﺘﺮة ﻧﺸﺎط اﻷﻓﻌﻰ. ﻣﻦ اﻟﻠﯿﻞ ﺑﯿﻦ اﻷﺣﺠﺎر وﺗﺤﺖ اﻷﺷﺠﺎر
 إﺿﺎﻓﺔ إﻟﻰ ذﻟﻚ ﻓﻘﺪ أﺛﺒﺘﺖ اﻟﺪراﺳﺔ، ﻛﺎن ﻣﺘﻮاﻓﻘﺎً ﻣﻊ ﻓﺘﺮة ﻧﺸﺎط ﻓﺮاﺋﺴﮭﺎ
 وأﺷﺎرت إﻟﻰ ﻃﺮﯾﻘﺔ إﻣﺴﺎﻛﮭﺎ ﻟﻠﻔﺮﯾﺴﺔ، ﺷﺮب اﻷﻓﻌﻰ ﻟﻠﻤﯿﺎه ﻓﻲ اﻟﺒﯿﺌﺔ
. واﻟﻤﺮﺗﺒﻂ ﺑﻨﻮﻋﯿﺘﮭﺎ

© 2009 Jordan Journal of Biological Sciences. All rights reserved

.ﺟﺎزان،  اﻟﻌﻼﺟﯿﻢ،  ﺣﯿﻮاﻧﯿﺔ اﻟﺘﻐﺬﯾﺔ،  أﻓﻌﻰ اﻷھﺮام:اﻟﻜﻠﻤﺎت اﻟﺪاﻟﺔ

sanaaodat@hotmail.com .اﻟﺒﺮﯾﺪ اﻹﻟﻜﺘﺮوﻧﻲ

© 2009 Jordan Journal of Biological Sciences. All rights reserved - Volume 2, Number 1

 .1ﻣﻘﺪﻣﺔ
!!ﺗﺸﻐﻞ اﻟﻤﻤﻠﻜﺔ اﻟﻌﺮﺑﯿﺔ اﻟﺴﻌﻮدﯾﺔ ﻣﺴﺎﺣﺔ ﻛﺒﯿﺮة ﻣﻦ ﺷﺒﮫ اﻟﺠﺰﯾﺮة  ،وﺗﻤﺘﺪ
ھﺬه اﻟﻤﺴﺎﺣﺔ ﺟﻐﺮاﻓﯿﺎً ﺑﯿﻦ اﻟﻤﻨﺎﻃﻖ اﻟﻤﺪارﯾﺔ واﻟﺪاﻓﺌﺔ اﻟﻤﺘﺒﺎﯾﻨﺔ ﻓﻲ اﻟﻈﺮوف
اﻟﻤﻨﺎﺧﯿﺔ  ،ﻣﻤﺎ أدى إﻟﻰ درﺟﺔ ﻓﺮﯾﺪة ﻣﻦ اﻟﺘﻨﻮع اﻟﺒﯿﺌﻲ واﻷﺣﯿﺎﺋﻲ ﺑﯿﻦ ﻣﻨﺎﻃﻖ
اﻟﻤﻤﻠﻜﺔ  ،واﻧﻌﻜﺲ ذﻟﻚ ﻋﻠﻰ ﺗﻨﻮع اﻟﻤﺠﺎﻣﯿﻊ اﻟﺤﯿﻮاﻧﯿﺔ )اﻟﺸﺮﯾﻒ  2002 ،؛
اﻟﻌﺒﯿﻜﺎن وآﺧﺮون  ، ( 2003 ،وﻣﻦ ھﺬه اﻟﻤﺠﺎﻣﯿﻊ ﻣﺠﻤﻮﻋﺔ اﻟﺰواﺣﻒ واﻟﺘﻲ
ﺗﻀﻢ ﺑﻌﻀﺎً ﻣﻦ اﻷﻧﻮاع اﻟﺴﺎﻣﺔ واﻟﺘﻲ ﺗﻤﺜﻞ ﺟﺰءاً ﻣﻦ اﻟﻤﻨﻈﻮﻣﺔ اﻟﻔﻄﺮﯾﺔ
اﻟﺰاﺣﻔﺔ اﻟﺘﻲ ﺗﻌﯿﺶ وﺗﺪب ﻋﻠﻰ أرض اﻟﻤﻤﻠﻜﺔ اﻟﻌﺮﺑﯿﺔ اﻟﺴﻌﻮدﯾﺔ  ،وأﺷﮭﺮ ھﺬه
اﻷﻧﻮاع ھﻲ اﻟﺜﻌﺎﺑﯿﻦ اﻟﺴﺎﻣﺔ)( Mazuch, 2004, 2005a, 2005b
ﯾﻮﺟﺪ ﻓﻲ اﻟﺠﺰﯾﺮة اﻟﻌﺮﺑﯿﺔ ﺧﻤﺴﺔ اﻧﻮاع ﻟﻨﻮﻋﯿﻦ ﻣﻨﮭﺎ ﺣﺪد ﺗﺤﺖ اﻟﻨﻮع ﻣﻦ
ﺟﻨﺲ  Echisھﻲ ؛  Echis coloratus coloratus؛ Echis
 pyramidum؛  Echis omanensis؛ Echis sochureki sochureki
؛ (Gasperetti, 1988;Babocsay 2001,) (2003; ، Echis kosatzki
، Mazuch 2004, 2005bﺑﯿﻨﻤﺎ ﻓﻲ اﻟﻤﻤﻠﻜﺔ اﻟﻌﺮﺑﯿﺔ اﻟﺴﻌﻮدﯾﺔ ﯾﻮﺟﺪ ﺗﺤﺖ
ﻧﻮع أﻓﻌﻰ اﻟﺴﺠﺎد اﻟﺸﺮﻗﻲ  Echis c. coloratusوﻧﻮع أﻓﻌﻰ اﻷھﺮام
 ( Mattison, 1995 ) Echis pyramidumﺗﻌﯿﺶ ﻋﻠﻰ اﻓﺘﺮاس ﺣﯿﻮاﻧﺎت
أﺧﺮى ﻟﯿﺴﺖ ﺿﻌﯿﻔﺔ وﻻ ﻣﺮﯾﻀﺔ أو ذات ﻣﻈﮭﺮ ﺧﺎرﺟﻲ ﺟﺬاب ،وذﻟﻚ
ﻟﻠﺤـﺼﻮل ﻋﻠﻰ ﺣﺎﺟﺘﮭﺎ ﻣﻦ اﻟﻄﺎﻗـﺔ وﻟـﯿﺲ ﻟﻠﻌﺒﺚ ) . ( Russell, 1980
وﻣﻌﻈﻢ اﻟﺜﻌﺎﺑﯿﻦ وﺧﺎﺻﺔ اﻟﺴﺎﻣﺔ ﻣﻨﮭﺎ ﺗﺒﺪو ﻧﺸﻄﺔ ﻓﻲ ﺑﺤﺜﮭﺎ ﻋﻦ ﻏﺬاﺋﮭﺎ ﺣﺘﻰ
ﺗﻠﻚ اﻟﺘﻲ ﺗﺴﺘﺨﺪم ﻃﺮﯾﻘﺔ اﻻﻧﺘﻈﺎر ﺛﻢ اﻻﻧﻘﻀﺎض Sit and wait
predatorsأو أﺳـﻠﻮب اﻟﻜﻤـﯿﻦ ﻟﻠﻔﺮﯾـﺴﺔ Mattison, 1995; ) Ambush
 . ( Kardong and smith, 2002ﻓﻤﻨﮭﺎ ﻣﺎ ﯾﺴﺘﺨﺪم اﻟﺮؤﯾﺔ وﺑﻌـــﻀﮭﺎ
ﯾﻌﺘﻤﺪ اﻟﺮاﺋﺤﺔ وﻗــﺴﻢ آﺧﺮ ﯾﻌﺘﻤﺪ ﻋﻠﻰ اﻟﺨﺒﺮة اﻟﺒﯿﺌﯿــــﺔ اﻟﻤﻜﺘﺴﺒﺔ ﻓﻲ اﻟﺒﺤﺚ ﻋﻦ
اﻟﻔﺮﯾـــﺴﺔ ) Norrdahl and Korpimaki, 2000; Head et al.,
 ، ( 2002ﻛﻤﺎ ﺗﻤﻠﻚ ﺑﻌﺾ اﻟﺜﻌﺎﺑﯿﻦ ﺣﻮاس ﺟﯿﺪة ﻟﻠﺮاﺋﺤﺔ واﻟﻄـــﻌﻢ
واﻻھﺘﺰازات ﺗﻤﻜﻨﮭﺎ ﻣﻦ اﻟﺘﻤﯿﯿﺰ ﺑﯿﻦ اﻟﻔﺮﯾﺴـــﺔ اﻟﻤﻨﺎﺳــﺒﺔ واﻷﻋــﺪاء
) ، ( Cundall and Greene, 2000; Shine et al., 2004ﻓﻲ ﺣﯿﻦ
ﺗﺴﺘﻄﯿﻊ ﺑﻌﺾ اﻷﻓﺎﻋﻲ اﻟﺘﻤﯿﯿﺰ ﺑﯿﻦ أﺣﺠﺎم اﻟﻔﺮاﺋﺲ وﺣﻘﻨﮭﺎ ﺑﻜﻤﯿﺎت ﻣﻦ اﻟﺴﱡﻢ
ﯾﺘﻨﺎﺳﺐ ﻣﻊ ﺣﺠﻤﮭﺎ  ،ﻟﻀﻤﺎن ﺷﻞ ﺣﺮﻛﺘﮭﺎ وﺳﺮﻋﺔ ﻗﺘﻠﮭﺎ ).(Hayes, 1995
إﺿﺎﻓﺔ إﻟﻰ اﻣﺘﻼك ﺑﻌﺾ اﻟﺜﻌﺎﺑﯿﻦ أﻋﻀﺎء ﺣﺴﺎﺳﺔ ﺟﺪاً ﺗﺴﺎﻋﺪھﺎ ﻓﻲ ﺗﺤﺪﯾﺪ
وﺗﺘﺒﻊ اﻟﻔﺮﯾﺴﺔ ﻗﺒﻞ وﺑﻌﺪ ﻋﻤﻠﯿﺔ اﻟﻌﺾ ﻣﺜﻞ ﻋـﻀﻮ ﺟﺎﻛﺒﺴﻮن ﻓﻲ ﺳـﻘﻒ اﻟﺤـﻠﻖ
)(Chiszar et. al.,1986 , 1992 ; Whitaker et. al., 2000

 .2ﻣﻨﻄﻘﺔ اﻟﺪراﺳﺔ
ﺗﻘﻊ ﻣﻨﻄﻘﺔ ﺟﺎزان ﻓﻲ أﻗﺼﻰ اﻟﺠﻨﻮب اﻟﻐﺮﺑﻲ ﻣﻦ اﻟﻤﻤﻠﻜﺔ اﻟﻌﺮﺑﯿﺔ
اﻟﺴﻌﻮدﯾﺔ ﺑﯿﻦ ﺧﻄﻲ ﻃﻮل َ 41 20ـ َ 43  20ﺷﺮﻗﺎً ﺑﯿﻦ داﺋﺮﺗﻲ ﻋﺮض
َ 16 20ـ َ 17 40ﺷﻤﺎﻻً )،ﺷﻜﻞ  .(1ﻓﮭﻲ ﺗﻘﻊ ﺿﻤﻦ اﻟﻤﻨﻄﻘﺔ اﻟﻤﺪارﯾﺔ ،
ﻛﻤﺎ وﺗﺘﻤﯿﺰ ﺑﻮﻗﻮﻋﮭﺎ ﻋﻠﻰ ﺟﮭﺔ ﺑﺤﺮﯾﺔ ﺗﻤﺘﺪ ﺑﻄﻮل ﯾﺼﻞ إﻟﻰ ﻧﺤﻮ 270ﻛﻢ ﻋﻠﻰ
ﺳﺎﺣﻞ اﻟﺒﺤﺮ اﻷﺣﻤﺮ  ،وﯾﻀﺎف إﻟﻰ ذﻟﻚ أن اﻣﺘﺪاد ﺳﻠﺴﻠﺔ ﺟﺒﺎل ﻋﺴﯿﺮ ﻓﻲ
اﻟﻘﺴﻢ اﻟﺸﺮﻗﻲ ﻣﻦ اﻟﻤﻨﻄﻘﺔ ﻓﻲ اﻻﺗﺠﺎه اﻟﺠﻨﻮﺑﻲ اﻟﺸﺮﻗﻲ واﻟﺸﻤﺎل اﻟﻐﺮﺑﻲ ﻛﺎن
ﻟﮫ اﻷﺛﺮ اﻟﻜﺒﯿﺮ ﻓﻲ اﺳﺘﻘﺒﺎل اﻟﺮﯾﺎح اﻟﺠﻨﻮﺑﯿﺔ اﻟﻐﺮﺑﯿﺔ اﻟﺮﻃﺒﺔ وﻣﻮاﺟﮭﺘﮭﺎ )
اﻟﺴﺮﺳﻲ و ﻋﺮﯾﺸﻲ 1995 ،م (  .ﻛﻞ ھﺬه اﻟﻌﻮاﻣﻞ ﻣﺠﺘﻤﻌﺔ أﺛﺮت ﻓﻲ ﻣﻨﺎخ
ﻣﻨﻄﻘﺔ ﺟﺎزان  ،ﻓﺠﻌﻠﺖ ﺳﮭﻮل اﻟﻤﻨﻄﻘﺔ ﻛﺴﺎﺋﺮ ﺷﻮاﻃﺊ اﻟﺒﺤﺮ اﻷﺣﻤﺮ ﻧﺰرة
اﻷﻣﻄﺎر ﺷﺪﯾﺪة اﻟﺤﺮارة ﻣﺜﯿﺮة اﻟﺮﻃﻮﺑﺔ  ،واﻟﺠﺒﺎل أﻗﻞ ﺣﺮارة ﻧﺴﺒﯿﺎ وأﺧﻒ
رﻃﻮﺑﺔ  ،وأﻣﺎ اﻟﻘﺴﻢ اﻟﺠﺒﻠﻲ اﻟﻤﺮﺗﻔﻊ ﻓﮭﻮ ﻣﻌﺘﺪل ﺑﺸﻜﻞ ﻋﺎم ﺻﯿﻔﺎً وﯾﻘﺮب
ﻟﻠﺒﺮودة ﺷﺘﺎءً  ) .اﻟﺰﯾﻠﻌﻲ وآﺧﺮون 2003 ،م ( .
إن اﻟﻐﻄﺎء اﻟﻨﺒﺎﺗﻲ ﻓﻲ ﻣﻨﻄﻘﺔ ﺟﺎزان ﯾﺘﺄﺛﺮ ﺑﺎﻟﻈﺮوف اﻟﻄﺒﯿﻌﯿﺔ ﻣﻦ أﻣﻄﺎر
وﺗﻀﺎرﯾﺲ  ،وﻧﻈﺮاً ﻻﺧﺘﻼف ﺗﻀﺎرﯾﺲ اﻟﻤﻨﻄﻘﺔ وﻣﻨﺎﺧﮭﺎ ﻓﺈن اﻟﻐﻄﺎء اﻟﻨﺒﺎﺗﻲ
ﯾﺨﺘﻠﻒ  .ﻓﻌﻠﻰ ﺳﻔﻮح اﻟﺠﺒﺎل اﻟﻤﺮﺗﻔﻌﺔ ﺣﯿﺚ ﺗﻐﺰر اﻷﻣﻄﺎر ﺗﻨﻤﻮ ﺗﺠﻤﻌﺎت
ﺷﺠﺮﯾﺔ ﻣﺘﻨﻮﻋﺔ ﻣﻨﮭﺎ أﺷﺠﺎر اﻟﻌﺮﻋﺮ  ، Juniperus proceraوأﺷﺠﺎر
اﻟﺰﯾﺘﻮن اﻟﺒﺮي
 ، Olea europaeaوأﺷﺠﺎر اﻟﺴﱠﻠَﻢ Acacia
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ehrenbergiana
واﻟﻄﻠﺢ  Acacia gerrardiiواﻟﺴﱠﻤَﺮ Acacia
 ، tortilisوﻋﻨﺪ ﺳﻔﻮح اﻟﺠﺒﺎل اﻟﺪﻧﯿﺎ ﺗﻘﻞ ﻛﺜﺎﻓﺔ ھﺬه اﻷﺷﺠﺎر وﯾﻘﻞ ﺗﻨﻮﻋﮭﺎ
)اﻟﺰﯾﻠﻌﻲ وآﺧﺮون 2003 ،م (  ،وﯾﺘﺨﻠﻞ ھﺬه اﻷﺷﺠﺎر اﻟﻜﺒﯿﺮة ﺑﻌﺾ
اﻟﺸﺠﯿﺮات اﻟﺼﻐﯿﺮة واﻷﻋﺸﺎب  ،أﻣﺎ ﻓﻲ ﺑﻄﻮن اﻷودﯾﺔ  ،وﻋﻠﻰ ﺿﻔﺎﻓﮭﺎ
ﻓﺘﻨﺘﺸﺮ أﺷﺠﺎر اﻟﺴﱢﺪر  Ziziphus spina-christiواﻷﺛﻞ Tamarix
 aphyllaوﺷﺠﺮ اﻷراك ) Salvadora persica (Arak؛ وھﻲ ﻛﺜﯿﻔﺔ ﻓﻲ
اﻟﺪاﺧﻞ  ،وﺑﺨﺎﺻﺔ أﺷﺠﺎر اﻟﺴﱢﺪر  ،ﺑﯿﻨﻤﺎ ﺗﺰداد ﻛﺜﺎﻓﺔ اﻷراك ﺑﺎﻻﺗﺠﺎه ﺻﻮب
اﻟﺴﮭﻞ اﻟﺴﺎﺣﻠﻲ  ،وﺗﻈﮭﺮ ﺗﺠﻤﻌﺎت ﻣﻦ ﺷﺠﺮ اﻟﺪوم Hyphaene thebaica
ﺑﺎﻟﻘﺮب ﻣﻦ اﻟﺴﺎﺣﻞ ) اﻟﺰﯾﻠﻌﻲ وآﺧﺮون 2003 ،م (.

 .3اﻟﻤﻮاد واﻟﻄﺮق
ﺗﻜﻮﻧﺖ ھﺬه اﻟﺪراﺳﺔ ﻣﻦ ﺟﺰأﯾﻦ ھﻤﺎ اﻟﺠﺰء اﻟﺤﻘﻠﻲ واﻟﺬي ﯾﺸﺘﻤﻞ ﻋﻠﻰ
ﺟﻤﻊ اﻟﻌﯿﻨﺎت ﻣﻦ اﻟﺒﯿﺌﺔ اﻟﻄﺒﯿﻌﯿﺔ ﻟﻠﺤﯿﻮان  ،واﻟﺠﺰء اﻟﻤﻌﻤﻠﻲ واﻟﺬي ﯾﺸﺘﻤﻞ ﻋﻠﻰ
أﺧﺬ أﻃﻮال اﻟﻌﯿﻨﺎت وأوزاﻧﮭﺎ  ،وﻣﻦ ﺛﻢ ﺗﺸﺮﯾﺤﮭﺎ وﻧﺰع اﻟﻤﻌﺪة ﻟﻐﺮض دراﺳﺔ
ﻧﻮﻋﯿﺔ اﻟﻐﺬاء ﻟﮭﺬه اﻷﻓﻌﻰ.

 .4اﻟﺪراﺳﺔ اﻟﺤﻘﻠﯿﺔ
ﯾﺘﻀﻤﻦ اﻟﻌﻤﻞ اﻟﺤﻘﻠﻲ ﺟﻤﻊ اﻟﻌﯿﻨﺎت ﺷﮭﺮﯾﺎً ﺑﻮاﻗﻊ ) (1 ± 8ﻋﯿﻨﺎت ﺑﺎﻟﻐﺔ
ﻣﻦ اﻟﺠﻨﺴﯿﻦ ﺧﻼل أﺷﮭﺮ اﻟﺴﻨﺔ  ،ﻣﻦ اﻟﻔﺘﺮة ﻣﺎﺑﯿﻦ ﻣﺎرس 2003م وﺣﺘﻰ ﺷﮭﺮ
ﻓﺒﺮاﯾﺮ ﻟﻌﺎم 2004م ﻣﻦ ﻣﻮﻗﻊ اﻟﺪراﺳﺔ وذﻟﻚ ﻻﺳﺘﺨﺪام ھﺬه اﻟﻌﯿﻨﺎت ﻓﻲ دراﺳﺔ
ﻧﻮﻋﯿﺔ اﻟﻐﺬاء وﻃﺒﯿﻌﺔ اﻟﺘﻐﺬﯾﺔ ﺧﻼل اﻟﻌﺎم  ،ﺑﺎﻹﺿﺎﻓﺔ ﻟﺪراﺳﺔ أﺳﻠﻮب ھﺬا اﻟﻨﻮع
ﻣﻦ اﻷﻓﺎﻋﻲ ﻓﻲ اﻟﺘﻐﺬﯾﺔ ﺧﻼل ﻓﺼﻮل اﻟﺴﻨﺔ  .ھﺬا ﺑﺎﻹﺿﺎﻓﺔ ﻟﺪراﺳﺔ ﺳﻠﻮك
اﻟﺘﻐﺬﯾﺔ ﻓﻲ اﻟﺤﻘﻞ ﺧﻼل أﺷﮭﺮ اﻟﺴﻨﺔ ﻣﻦ ﺧﻼل اﻟﻤﺘﺎﺑﻌﺔ اﻟﯿﻮﻣﯿﺔ ﻟﻠﺤﯿﻮان أﺛﻨﺎء
ﻓﺘﺮة ﻧﺸﺎﻃﮫ وﺗﺴﺠﯿﻞ اﻟﻤﻼﺣﻈﺎت وأﺧﺬ اﻟﺼﻮر اﻟﻔﻮﺗﻮﻏﺮاﻓﯿﺔ أﺛﻨﺎء اﻟﺘﻐﺬﯾﺔ .

 .5اﻟﺪراﺳﺔ اﻟﻤﻌﻤﻠﯿﺔ
ﺗﻨﻘﻞ اﻟﻌﯿﻨﺎت اﻟﺘﻲ ﺗﻢ ﺟﻤﻌﮭﺎ ﻓﻲ اﻟﺤﻘﻞ إﻟﻰ اﻟﻤﻌﻤﻞ  ،وﻣﻦ ﺛﻢ ﺗﻘﺘﻞ ﺑﺎﻟﺘﺨﺪﯾﺮ
ﺑﻤﺎدة اﻟﻜﻠﻮروﻓﻮرم  ، Chloroformﺛﻢ ﺗﺆﺧﺬ اﻷوزان واﻷﻃﻮال اﻟﻼزﻣﺔ
ﻷﻗﺮب ﻛﺴﺮ ﻋﺸﺮي  ،ﺛﻢ ﺑﻌﺪ ذﻟﻚ ﺗﺸﺮح اﻟﻌﯿﻨﺔ وﺗﻨﺰع اﻟﻤﻌﺪة وﺗﻮزن ﺑﻤﯿﺰان
ﻣﻦ ﻧﻮع )  ( Ainsworth, Denver instrument Co., USAﻷﻗﺮب
ﻛﺴﺮ ﻋﺸﺮي ﺛﻢ ﺗﻔﺘﺢ ﻓﻲ ﻃﺒﻖ ﺑﺘﺮي  Petri dishوﺗﻔﺮغ ﻣﺤﺘﻮﯾﺎﺗﮭﺎ وﺗﻔﺮز
وﻣﻦ ﺛﻢ ﺗﺼﻨﻒ ﻟﻤﻌﺮﻓﺔ ﻧﻮع وﻃﺒﯿﻌﺔ اﻟﻐﺬاء .وﺑﻌﺪ اﻟﺘﺸﺮﯾﺢ ﺗﺤﻔﻆ اﻟﻌﯿﻨﺎت
اﻟﻤﺸﺮﺣﺔ ﻓﻲ اﻟﻔﻮرﻣﺎﻟﯿﻦ ، Formaldehyde ٪10أﻣﺎ اﻟﻤﻮاد اﻟﻐﺬاﺋﯿﺔ
اﻟﻤﻮﺟﻮدة ﻓﻲ اﻟﻤﻌﺪة ﻓﺘﺤﻔﻆ ﻓﻲ ﻛﺤﻮل إﯾﺜﯿﻠﻲ ﺗﺮﻛﯿﺰه  Ethanol ٪70ﻓﻲ
درﺟﺔ ﺣﺮارة اﻟﻤﻌﻤﻞ .

 .6اﻟﻨﺘﺎﺋﺞ
ﻟﻘﺪ ﺗﻤﺖ دراﺳﺔ وﺗﺸﺮﯾﺢ ﻣﻌﺪة  98ﻋﯿﻨﺔ ﻣﻦ أﻓﻌﻲ اﻷھﺮام ﺗﻢ ﺟﻤﻌﮭﺎ ﻣﻦ
ﻣﻨﻄﻘﺔ اﻟﺪراﺳﺔ ،ﻣﻨﮭﺎ  56ﻋﯿﻨﺔ ﻓﺎرﻏﺔ اﻟﻤﻌﺪة  ،ووﺟﺪ ﻓﻲ اﻟـ  42ﻋﯿﻨﺔ اﻷﺧﺮى
ﺣﯿﻮاﻧﺎت ﺗﻨﺘﻤﻲ ﻟﻤﺠﻤﻮﻋﺎت ﺣﯿﻮاﻧﯿﺔ رﺋﯿﺴﯿﺔ ھﻲ :اﻟﻘﻮارض ،اﻟﻌﻘﺎرب،
اﻟﻌﻼﺟﯿﻢ ،اﻟﻤﻔـﺼﻠﯿﺎت ،واﻟﺤﺸﺮات ،واﻟﺴـﺤﺎﻟﻲ ،و ﻧﺴﺒﺔ ﻣﻦ اﻟﻤﻮاد اﻟﻐﯿﺮ
ﻣﻌﺮوﻓﺔ )ﺷﻜﻞ .(2
وﻗﺪ وﺟﺪ أن أﻓﻌﻰ اﻷھﺮام ﺣﯿﻮاﻧﯿﺔ اﻟﺘﻐﺬﯾﺔ؛ ﻓﻤﻦ ﻓﺤﺺ ﻣﺤﺘﻮﯾﺎت اﻟﻤﻌﺪة
ﺷﻜﻞ ﻋﻠﺠﻮم ﺗﮭﺎﻣﺔ  Bufo tihamicusاﻟﺘﺎﺑﻊ ﻟﻌﺎﺋﻠﺔ اﻟﻌﻼﺟﯿﻢ Bufonidae
ﻧﺴﺒﺔ  ٪40.48ﻣﻦ اﻟﻐﺬاء ﺧﻼل ﻓﺘــﺮة اﻟﺪراﺳـﺔ  ،أﻣﺎ اﻟﻤﻔﺼﻠﯿﺎت
 Arthropodsﻓﻜﺎﻧﺖ ﻧﺴﺒﺘﮭﺎ  ، ٪28.57ﺷﻜﻞ ﻣﻨﮭﺎ ﺻﺮﺻﻮر اﻟﺤﻘﻞ اﻷﺳﻮد
 Gryllus bimaculatusﻣﻦ ﻋﺎﺋﻠﺔ  Gryllidaeﻧﺴﺒﺔ  ، ٪50ﻓﻲ ﺣﯿﻦ
ﺷﻜﻠﺖ اﻟﺤﺸﺮات اﻟﺘﺎﺑﻌﺔ ﻟﺮﺗﺒﺔ ﻏﻤﺪﯾﺔ اﻷﺟﻨﺤﺔ  Celopetaﻧﺴﺒﺔ  ، ٪9.52ﺛﻢ
ﻋﻘﺮب ﻓﻠﺴـﻄﯿﻦ اﻟﺼﻔﺮاء  Leiurus quinquestriatusﻓﻲ اﻟﺼﯿﻒ ،
وﻋﻘﺮب ﻧﯿﺒﻮ  Nebo hierichonticusﻓﻲ أﺷﮭﺮ اﻟﺸﺘﺎء اﻟﺘﺎﺑﻌﺘﯿﻦ

© 2009 Jordan Journal of Biological Sciences. All rights reserved - Volume 2, Number 1

49

.  ﺧﺮﯾﻄﺔ اﻟﻤﻤﻠﻜﺔ اﻟﻌﺮﺑﯿﺔ اﻟﺴﻌﻮدﯾﺔ واﻟﻤﻨﻄﻘﺔ اﻟﻤﻜﺒﺮة ﺗﻮﺿﺢ ﻣﻨﻄﻘﺔ اﻟﺪراﺳﺔ. (1) ﺷﻜﻞ
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ﺷﻜﻞ ) :(2اﻟﻤﻜﻮﻧﺎت اﻟﻐﺬاﺋﯿﺔ ﻷﻓﻌﻰ اﻷھﺮام ﺧﻼل ﻓﺘﺮة اﻟﺪراﺳﺔ.

ﺷﻜﻞ ): (3اﻟﻤﻜﻮﻧﺎت اﻟﻐﺬاﺋﯿﺔ ﻷﻓﻌﻰ اﻷھﺮام ﺧﻼل ﻓﺼﻠﻲ اﻟﺼﯿﻒ واﻟﺸﺘﺎء.
ﻟﻌﺎﺋﻠﺔ  Buthidaeﺑﻨﺴﺒﺔ  ، ٪2.38ﻛﺘﺴﺠﯿﻞ وﺣﯿﺪ ﻟﮭﻤﺎ ﺧﻼل ﻓﺘﺮة
اﻟﺪراﺳﺔ  ،ﺗﻼ ذﻟﻚ اﻟﻘﻮارض  Rodentsﺑﻨﺴﺒﺔ  ٪7.14ﻓﺎﻟﺴﺤﺎﻟﻲ ﺑﻨﺴﺒﺔ
 . ٪2.38ﺑﺎﻹﺿﺎﻓﺔ إﻟﻰ ﻣﻮاد ﻏﯿﺮ ﻣﻌﺮوﻓﺔ ﺷﻜﻠﺖ ﻧﺴﺒﺔ  ٪21.43ﻣﻦ ﻣﺠـﻤﻞ
ﻣﻜﻮﻧﺎت ﻣﻌﺪة اﻷﻓﻌﻰ  .ﻛﻤﺎ وﺟﺪ ﺿﻤﻦ ﻣﺤﺘﻮﯾﺎت اﻟﻤﻌﺪة ﻟﺤﯿﻮان اﻟﺪراﺳﺔ
ﺣﺒﯿﺒﺎت ﻣﻦ اﻟﺮﻣﻞ وأﻏﺼـﺎن ﺻﻐﯿﺮة ﻟﺒﻌﺾ اﻟﻨﺒﺎﺗﺎت ﻃﯿﻠﺔ ﻓـﺼـﻞ اﻟﺼﯿﻒ )
ﺟﺪول . (1
وﻗﺪ ﻟﻮﺣﻆ اﺧﺘﻼف ﻓﻲ ﻧﺴﺐ اﻟﻤﻜﻮﻧﺎت اﻟﻐﺬاﺋﯿﺔ ﺑﺎﺧﺘﻼف اﻟﻔﺼﻮل  ،ﺣﯿﺚ
ﺷﻜﻠﺖ ﻋﻼﺟﯿﻢ ﺗﮭﺎﻣﺔ ﻣﺠﻤﻞ ﺗﻐﺬﯾﺔ اﻷﻓﻌﻰ ﻓﻲ ﻓﺼﻞ اﻟﺼﯿﻒ  ،واﻧﻌﺪﻣﺖ
ﻧﺴﺒﺘﮭﺎ ﺧﻼل أﺷﮭﺮ اﻟﺸﺘﺎء .وﻋﻠﻰ اﻟﻌﻜﺲ ﻣﻦ ذﻟﻚ ﻓﻘﺪ اﻧﻌﺪﻣﺖ ﻧﺴﺒﺔ اﻟﻘﻮارض
ﻣﻦ ﻣﻜﻮﻧﺎت ﻣﻌﺪة اﻷﻓﻌﻰ ﺧﻼل أﺷﮭﺮ اﻟﺼﯿﻒ ﻋﻨﮭﺎ ﻓﻲ اﻟﺸﺘﺎء  .أﻣﺎ

اﻟﻤﻔﺼﻠﯿﺎت ﻓﻜﺎﻧﺖ ﻧﺴﺒﮭﺎ ﻣﻦ ﺗﻐﺬﯾﺔ اﻟﺤﯿﻮان ﻣﺘﻔﺎوﺗﺔ ﻃﻮال أﺷﮭﺮ اﻟﺼﯿﻒ
واﻟﺸﺘﺎء وﺳﺠﻠﺖ ﻧﺴﺒﺔ  ٪14.28ﻓﻲ ﻛﻼ اﻟﻔﺼﻠﯿﻦ .
ﻛﻤﺎ ﺳﺠّﻠﺖ اﻟﺪراﺳﺔ ﺗﻐﺬﯾﺔ وﺣﯿﺪة ﻋﻠﻰ اﻟﺴﺤﺎﻟﻲ ﺑﺎﻟﺮﻏﻢ ﻣﻦ وﺟﻮدھﺎ ﻓﻲ
ﻣﻨﻄﻘﺔ اﻟﺪراﺳﺔ وﺑﻜﺜﺮة ﻓﻲ ﺷﮭﺮ ﺳﺒﺘﻤﺒﺮ  ،وﺳﺠﻠﺖ ھﺬه اﻟﺪراﺳﺔ وﺟﻮد أﻓﻌﻰ
اﻷھﺮام ﻓﻲ ﻋﺶ ﻃﺎﺋﺮ اﻟﻮروار  Merops apiasterداﺧﻞ اﻟﺠﺤﻮر اﻟﺘﻲ
ﯾﻌﺸﺶ ﻓﯿﮭﺎ ﻋﻠﻰ ﺣﻮاف اﻷودﯾﺔ إﻻ أﻧﮫ ﻟﻢ ﯾﻮﺟﺪ ﻃﺎﺋﺮ ﺿﻤﻦ ﻣﻜﻮﻧﺎت اﻟﻤﻌﺪة
ﺧﻼل ﻣﻮﺳﻤﻲ اﻟﺼﯿﻒ واﻟﺸﺘﺎء  .ﻛﻤﺎ ﻟﻮﺣﻆ ﻣﻦ ﺧﻼل ھﺬه اﻟﺪراﺳﺔ أﻧﮫ ﻛﻠﻤﺎ
ﻛﺒﺮ ﺣﺠﻢ اﻷﻓﻌﻰ ﻛﻠﻤﺎ ﻛﺒﺮ ﺣﺠﻢ ﻓﺮﯾﺴﺘﮭﺎ  ،ﻣﻤﺎ ﯾﻌﻄﻲ دﻻﻟﺔ ﻋﻠﻰ أن ھﻨﺎك
ﻋﻼﻗﺔ ﺑﯿﻦ ﺣﺠﻢ اﻷﻓﻌﻰ وﻓﺮﯾﺴﺘﮭﺎ  .وﻣﻦ ﺟﮭﺔ أﺧﺮى ﻟﻢ ﯾﻼﺣﻆ أي اﺧﺘﻼف
ﺑﯿﻦ اﻟﺬﻛﻮر واﻹﻧﺎث ﻣﻦ ﺣﯿﺚ ﻧﻮﻋﯿﺔ اﻟﻐﺬاء وﻛﻤﯿﺘﮫ  .وﻗﺪ ﺗﻤﺖ ﻣﺮاﻗﺒﺔ ﻃﺮﯾﻘﺔ
اﻟﺘﻐﺬﯾﺔ ﻓﻲ ھﺬه اﻷﻓﻌﻰ ﺧﻼل ﻣﻮﺳﻢ اﻟﺼﯿﻒ ﺣﯿﺚ ﻛﺎﻧﺖ اﻷﻓﻌﻰ ﺗﺸﺎھﺪ ﻗﺮب
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ﺟﺪول ) . (1اﻟﻨﺴﺐ اﻟﻤﺌﻮﯾﺔ ﻟﻠﺤﯿﻮاﻧﺎت اﻟﺘﻲ ﺗﺘﻐﺬى ﻋﻠﯿﮭﺎ أﻓﻌﻰ
اﻷھﺮام  E. pyramidumﻓﻲ ﻣﻨﻄﻘﺔ اﻟﺪراﺳﺔ.
اﻟﻨﻮع
ﻋﻠﺠﻮم ﺗﮭﺎﻣﺔ Bufo tahamacus
ﻏﯿﺮ ﻣﻌﺮوﻓﺔ
ﺻﺮﺻﻮر اﻟﺤﻘﻞ اﻷﺳﻮد
Gryllus bimaculatus
ﺣﺸﺮات ﻣﻦ رﺗﺒﺔ ﻏﻤﺪﯾﺔ اﻷﺟﻨﺤﺔ
Cleopetra
ﻗﻮارض Rodents
ﻋﻘﺮب ﻧﯿﺒﻮ
Nebo hierichonticus
ﻋﻘﺮب ﻓﻠﺴﻄﯿﻦ اﻟﺼﻔﺮاء
Leiurus quinquestriatus
ﺳﺤﺎﻟﻲ Lizards

اﻟﻨﺴﺒﺔ )(%

اﻟﻌﺪد
17

40.48

9

21.43

6

14.28

4

9.52

3

7.14

1

2.38

1

2.38

1

2.38

اﻟﻤﯿﺎه ﻓﻲ ﺑﺪاﯾﺔ ﻧﺸﺎﻃﮭﺎ اﻟﯿﻮﻣﻲ ﺧﻼل اﻟﻠﯿﻞ وذﻟﻚ ﻻﻗﺘﻨﺎص ﻓﺮاﺋﺴﮭﺎ ﻣﻦ
اﻟﻌﻼﺟﯿﻢ  ،ﺣﯿﺚ ﺗﻌﺾ اﻟﻔﺮﯾﺴﺔ ـ اﻟﻌﻼﺟﯿﻢ ـ وﻻ ﺗﺘﺮﻛﮭﺎ ﺣﺘﻰ ﯾﺒﺪأ ﻣﻔﻌﻮل اﻟﺴﱡﻢ
وﻣﻦ ﺛﻢ ﺗﺒﺘﻠﻌﮭﺎ ) ﺷﻜﻞ . ( 3
وﻗﺪ اﺳﺘﻐﺮﻗﺖ ھﺬه اﻟﻌﻤﻠﯿﺔ ﻹﺗﻤﺎم ﻋﻤﻠﯿﺔ اﻻﺑﺘﻼع اﻟﻜﺎﻣﻞ ﻓﺘﺮة زﻣﻨﯿﺔ
ﺗﺮاوﺣﺖ ﻣﺎ ﺑﯿﻦ  15 – 6دﻗﯿﻘﺔ  .ﺛﻢ ﻓﻲ اﻟﺴﺎﻋﺎت اﻟﻤﺘﺄﺧﺮة ﻣﻦ اﻟﻠﯿﻞ وﺑﻌﺪ
ﻋﻤﻠﯿﺔ اﻟﺘﻐﺬﯾﺔ ﺗﺬھﺐ ﻋﻠﻰ ﺣﻮاف اﻷودﯾﺔ ﺑﻌﯿﺪاً ﻋﻦ اﻟﻤﺼﺎدر اﻟﻤﺎﺋﯿﺔ ﻟﻮﻗﻮﻋﮭﺎ
ﻓﻲ ﺑﻄﻮن اﻷودﯾﺔ اﻟﻤﺮﺗﺒﻄﺔ ﺑﺎرﺗﻔﺎع اﻟﺤﺮارة ﻓﻲ ﻣﻨﻄﻘﺔ اﻟﺪراﺳﺔ  .ﻛﻤﺎ ﺳﺠّﻠﺖ
اﻟﺪراﺳﺔ اﻷﻓﻌﻰ وھﻲ ﺗﺸﺮب اﻟﻤﺎء ﺧﻼل أﺷﮭﺮ اﻟﺼﯿﻒ ﻓﻲ ﺗﺴﺠﯿﻞ وﺣﯿﺪ أﺛﻨﺎء
ﻓﺘﺮة اﻟﺒﺤﺚ  .أﻣﺎ ﻓﻲ ﻣﻮﺳﻢ اﻟﺸﺘﺎء ﻓﻜﺎﻧﺖ اﻷﻓﻌﻰ ﺗﺤﺖ اﻷﺷﺠﺎر وﺑﯿﻦ اﻷﺣﺠﺎر
وﻧﺎدراً ﻣﺎ ﻛﺎﻧﺖ ﺑﻌﯿﺪاً ﻋﻨﮭﺎ ﻣﻊ ﺗﻮﻓﺮ اﻟﻌﻼﺟﯿﻢ ﻓﻲ اﻟﻤﺼﺎدر اﻟﻤﺎﺋﯿﺔ  ،وﺷﻮھﺪت
آﺛﺎرھﺎ ﻗﺒﻞ ﻏﺮوب اﻟﺸﻤﺲ ﺗﺘﻨﻘﻞ ﺑﯿﻦ اﻷﺷﺠﺎر اﻟﻜﺜﯿﻔﺔ .وﯾﻤﻜﻦ اﻟﻘﻮل أن ھﺬا
اﻟﻨﻮع ﻣﻦ اﻷﻓـﺎﻋﻲ ﯾﺘﻐﺬى ﻋﻠﻰ ﻣﺠﻤﻮﻋﺔ ﻣﺘﻨﻮﻋﺔ ﻣﻦ اﻟﺤﯿﻮاﻧﺎت ﻓﻲ ﻣﻨﻄـﻘﺔ
اﻟﺪراﺳـﺔ أو ﻏﯿﺮھﺎ ﻣﻦ اﻟﻤﻨﺎﻃﻖ اﻷﺧﺮى اﻟﺘﻲ ﯾﻨﺘﺸﺮ ﺑﮭﺎ .

 .7اﻟﻤﻨﺎﻗﺸﺔ
ﺗﺘﻐﺬى اﻟﺜﻌﺎﺑﯿﻦ ﺑﺸﻜﻞ ﻋﺎم ﻋﻠﻰ اﻟﺤﯿﻮاﻧﺎت اﻟﻤﻮﺟﻮدة ﻓﻲ ﺑﯿﺌﺎﺗﮭﺎ ،
ﻛﺎﻟﻘﻮارض  ،واﻟﻀﻔﺎدع  ،واﻟﻌﻼﺟﯿﻢ  ،واﻷﺳﻤﺎك  ،واﻟﺤﺸﺮات  ،ودﯾﺪان
اﻷرض  ،واﻟﻄﯿﻮر ;( Gassperetti, 1988 ; (Spawls et al., 2002
Mazuch, 2005a
وﻻ ﺗـﺨـﺘﻠﻒ اﻷﻓﺎﻋـﻲ ﻋﻦ ھﺬه اﻟﻨﻈﺮة اﻟﻌﺎﻣﺔ  ،ﻓﺒﺘﺤﻠﯿﻞ ﻣﺤﺘﻮﯾﺎت ﻣﻌﺪة
أﻓﻌﻰ اﻷھﺮام  E. pyramidumﺗﺒﯿﻦ أن اﻟﻐﺬاء اﻟﻤﻔﻀﻞ ﻟﮭﺎ ﺻﯿﻔﺎً ھﻮ
اﻟﻌﻼﺟﯿﻢ  ،وﺷﺘﺎءاً اﻟﻘﻮارض  .ورﺑﻤﺎ ﯾﺮﺟﻊ اﻟﺴﺒﺐ ﻓﻲ ﺗﻔﻀﯿﻠﮭﺎ ﻟﻠﻌﻼﺟﯿﻢ ﺻﯿﻔﺎً
ﺗﻮﻓﺮ اﻟﻤﺼﺎدر اﻟﻤﺎﺋﯿﺔ ﺑﺸﻜﻞ ﻣﺴﺘﻤﺮ ﻃﯿﻠﺔ أﺷﮭﺮ اﻟﻌﺎم وﺑﺎﻟﺘﺎﻟﻲ ﺗﻮﻓﺮ اﻟﺒﯿﺌﺔ
اﻟﻤﻨﺎﺳﺒﺔ ﻟﮭﺎ ﻟﻠﻌﯿﺶ ﺑﺄﻋﺪاد ﻛﺜﯿﺮة ﻓﻲ اﻟﺒﯿﺌﺔ إﻻ أن اﺧﺘﻼف درﺟﺔ ﺣﺮارة اﻟﺒﯿﺌﺔ
ﺷﺘﺎء ﯾﺤﺪ ﻣﻦ ﻧﺸﺎط اﻷﻓﻌﻰ ﺣﻮل اﻟﻤﺴﻄﺤﺎت اﻟﻤﺎﺋﯿﺔ واﻟﻤﻨﺎﻃﻖ اﻟﻤﻔﺘﻮﺣﺔ ﻣﻤﺎ
ﯾﺠﻌﻠﮭﺎ ﺑﻌﯿﺪة ﻋﻦ أﻣﺎﻛﻦ وﺟﻮدھﺎ وﺑﺎﻟﺘﺎﻟﻲ اﻟﺘﻐﺬي ﻋﻠﯿﮭﺎ ﻟﺬﻟﻚ ﺗﻌﺘﻤﺪ ﻓﻲ ﻏﺬاءھﺎ
ﻋﻠﻰ اﻟﻘﻮارض ﺷﺘﺎءاً  .وﻛﺬﻟﻚ ﺗﺰاﻣﻦ اﻟﻨﺸﺎط اﻟﯿﻮﻣﻲ ﻟﮭﻤﺎ ﺧﻼل اﻟﻠﯿﻞ وﯾﺪﻋﻢ
ھﺬا ﻣﺎ أﺷﺎر إﻟﯿﮫ ) (Balletto et. al., 1985أن ﻋﻼﺟﯿﻢ ﺗﮭﺎﻣﺔ Bufo
 tihamicusﺗﻜﻮن ﻓﻲ ﻗﻤﺔ ﻧﺸﺎﻃﮭﺎ ﻟﯿﻼً وﺧﺼﻮﺻﺎً ﻋﻨﺪ وﺟﻮد ﻛﻤﯿﺎت ﻣﻦ
اﻟﻤﯿﺎه اﻟﻨﺎﺗﺠﺔ ﻣﻦ ﻣﺼﺎرف اﻟﺮي أو اﻷﻣﻄﺎر أو أي ﻣﺼﺎدر أﺧﺮى  ،أﻣﺎ ﻓﻲ
اﻟﻨﮭﺎر ﻓﺘﻜﻮن ﻛﺎﻣﻨﺔ داﺧﻞ اﻟﺠﺤﻮر أو ﺗﺤﺖ اﻟﺼﺨﻮر أو أي ﻣﻠﺠﺄ ﻟﮭﺎ ﯾﻘﯿﮭﺎ ﻣﻦ
درﺟﺎت اﻟﺤﺮارة اﻟﻌﺎﻟﯿﺔ ﻧﮭﺎراً  .إﺿﺎﻓـﺔ إﻟﻰ ذﻟﻚ ﻓﺈن اﻧﺘﻘﺎﺋﯿﺔ اﻟﻔﺮاﺋﺲ ﻋﻨﺪ
أﻓـﻌﻰ اﻷھـﺮام وﻓﻘﺎً ﻟﻈﺮوف اﻟﺒﯿﺌﺔ ﯾﺘـﻄﺎﺑﻖ ﻣﻊ ﻣﺎ ذﻛـﺮه ) اﻟﺴﻮﯾﻠﻢ (2001 ،
و )  ( Gassperetti, 1988ﻓﻲ ﺣﺪﯾﺜﮭﻢ ﻋﻦ ﺗﻔﻀﯿﻞ اﻷﻓﻌﻰ اﻟﻤﻘﺮﻧﺔ
ﻟﻠﻘﻮارض ﻣﺮﺟﻌﯿﻦ اﻟﺴﺒﺐ ﻓﻲ ذﻟﻚ ﻟﻮﻓﺮﺗﮭﺎ ﻓﻲ اﻟﺒﯿﺌﺔ واﻟﺘﺸﺎﺑﮫ ﺑﯿﻨﮭﻤﺎ ﻓﻲ ﻓﺘﺮة
اﻟﻨﺸﺎط ﺧﻼل اﻟﻠﯿﻞ.
إن اﻟﺤﯿﻮاﻧﺎت ﺗﺘﻌﺮض ﺧﻼل ﻧﺸﺎﻃﮭﺎ اﻟﯿﻮﻣﻲ إﻟﻰ ﻣﺪى واﺳﻊ ﻣﻦ اﻟﻀﻐﻮط
اﻟﺤﯿﻮﯾﺔ واﻟﻐﯿﺮ ﺣﯿﻮﯾﺔ  ،ﻣﺘﻀﻤﻨﺔ ﺗﻠﻚ اﻟﻀﻐﻮط ﺗﻐﯿﯿﺮ اﻟﻤﻮﻃﻦ )
 ( Denver,1997 ; Hoffman et. al.,1999واﻟﺘﻔﺎﻋﻼت اﻟﺪاﺧﻠﯿـﺔ ﺑﯿﻦ
اﻷﻓﺮاد ﻛﺎﻟﺘﻨﺎﻓـﺲ واﻻﻓﺘﺮاس واﻟﺘﻄﻔﻞ ) ،( Lima,1998إﻻ أن أﻛﺜﺮ ھﺬه
اﻷﺳﺒﺎب ﺗﺄﺛﯿﺮاً ﻋﻠﻰ اﻟﺤﯿﻮاﻧﺎت ﺑﺈﺣﺪاث اﻟﻀﺮر أو اﻟﻤﻮت ھﻮ اﻟﺘﻨﺎﻓﺲ أو
اﻻﻓﺘﺮاس  .واﻟﺤﯿﻮاﻧﺎت ﺗﻘﻠﻞ ﻣﻦ اﺣﺘﻤﺎﻟﯿﺔ اﻟﮭﺠﻮم ﻣﻦ ﻗﺒﻞ اﻟﻤﻔﺘﺮﺳﺎت ﺑﺎﻟﺘﻘﻠﯿﻞ
ﻣﻦ ﻇﮭﻮرھﺎ وزﯾﺎدة اﻻﻧﺘﺒﺎه )  . ( Lima,1987وﻋﻠﯿﮫ ﻓﺈن زﯾﺎدة ﺧﻄﺮ
اﻻﻓﺘﺮاس ﯾﻘﻮد اﻟﺤﯿﻮاﻧﺎت إﻟﻰ اﻟﺘﻘﻠﯿﻞ ﻣﻦ وﻗﺖ ﻣﺰاوﻟﺔ اﻟﻨﺸﺎﻃﺎت اﻟﺤﯿﻮﯾـــﺔ

ﻛﺎﻟﺘﻐﺬﯾﺔ واﻟﺘﻜﺎﺛﺮ )  .( Adams,1990 ; Lima and Dill,1990اﻷﻣﺮ
اﻟﺬي ﻓُﺴﱢﺮ ﺑﮫ ﺗﻐﺬﯾﺔ اﻷﻓﻌﻰ ﻋﻠﻰ اﻟﻘﻮارض ﺑﺸﻜﻞ واﺿﺢ ﺧﻼل أﺷﮭﺮ اﻟﺸﺘﺎء ،
ﺣﯿﺚ أن ﺑﺮودة اﻟﺠﻮ رﺑﻤﺎ ﺗﺠﺒﺮھﺎ ﻋﻠﻰ اﻟﺒﻘﺎء ﺑﯿﻦ اﻷﺣﺠﺎر وﺗﺤﺖ اﻷﺷﺠﺎر
ﻣﻤﺎ ﯾﻘﻠﻞ ﻣﻦ ﻓﺮﺻﺔ ذھﺎﺑﮭﺎ ﻟﻠﻤﺼﺎدر اﻟﻤﺎﺋﯿﺔ اﻷﻣﺮ اﻟﺬي ﻣﻦ ﺧﻼﻟﮫ ﻗﺪ ﺗﺘﻌﺮض
ﻟﺪرﺟﺎت ﺣﺮارة ﻏﯿﺮ ﻣﻨﺎﺳﺒﺔ ﻣﻤﺎ ﯾﺠﻌﻠﮭﺎ ﻋﺮﺿﺔ ﻟﻼﻓﺘﺮاس أو ﻟﻈﺮوف
ﺣﺮارﯾﺔ ﺣﺮﺟﺔ  .ﯾﺆﯾﺪ ذﻟﻚ ﻣــﺎ أورده ﻛﻞ ﻣـﻦ ) Randall and King ,
 ( 2001و)  ( Watson et. al., 2004ﻋﻨﺪﻣﺎ أﺷﺎروا إﻟﻰ أن ﺧﻮف اﻟﺤﯿﻮان
ﻣﻦ اﻹﺟﮭﺎد ﺑﺴﺒﺐ ﻋﻮاﻣﻞ اﻟﻤﻨﺎخ وﺧﻄﺮ اﻻﻓﺘﺮاس ﻗﺪ ﯾﺆدي إﻟﻰ ﻗﻠﺔ ﺑﺤﺜﮫ ﻋﻦ
اﻟﻐــﺬاء  ،وﯾﺘﺠﻠﻰ ھﺬا اﻷﻣﺮ ﻓﻲ اﻟﺰواﺣﻒ اﻟﺘﻲ ﺗﺮﺗﺒﻂ درﺟﺔ ﺣﺮارة ﺟﺴﻤﮭﺎ
ﺑﺪرﺟﺔ ﺣﺮارة اﻟﻮﺳـﻂ اﻟﻤﺤﯿﻂ ) . (Wang et. al., 2002ھﺬا ﺑﺎﻹﺿﺎﻓﺔ
ﻟﻜﻮن ﻗﻮارض ﻣﻨﻄﻘﺔ اﻟﺪراﺳﺔ ﻻ ﺗﺪﺧﻞ ﻓﻲ ﺑﯿﺎت ﺷﺘﻮي وﯾﻘﻞ ﻧﺸﺎﻃﮭﺎ ﻓﻲ ذﻟﻚ
اﻟﻔﺼﻞ  ،اﻷﻣﺮ اﻟﺬي ﯾﺠﻌﻠﮭﺎ ﻓﻲ ﻣﺤﯿﻂ ﻧﺸﺎط اﻷﻓﻌﻰ  ،وﻗﺪ اﺗﻔﻘﺖ ﻧﺘﯿﺠﺔ ھﺬه
اﻟﺪراﺳﺔ ﻣﻊ ﻣﺎ ذﻛﺮه ) .( Spawls et al., 2002
اﺗﻔﻘﺖ ﻧﺘﺎﺋﺞ ھﺬه اﻟﺪراﺳﺔ ﻣﻊ ﻣﺎ ذﻛﺮه ) اﻟﺴﻮﯾﻠﻢ  ( 2001 ،اﻟﺬي ﻟﻢ ﯾُﺴﺠّﻞ
ﺗﻐﺬﯾﺔ اﻷﻓﻌﻰ اﻟﻤﻘﺮﻧﺔ ﻋﻠﻰ اﻟﻄﯿﻮر ﺣﯿﺚ أرﺟﻊ اﻟﺴﺒﺐ ﻓﻲ ذﻟﻚ ﻟﻘﻠﺔ ﺗﻌﺸﯿﺶ
اﻟﻄﯿﻮر ﻓﻲ ﻣﻨﻄﻘﺔ اﻟﺪراﺳﺔ اﻟﺮﻣﻠﯿﺔ  ،وﻟﻘﻠﺔ اﻟﻐﻄﺎء اﻟﺨﻀﺮي  ،وارﺗﻔﺎع درﺟﺔ
اﻟﺤﺮارة  ،وﺣﺮﻛﺔ ﺣﺒﯿﺒﺎت اﻟﺮﻣﺎل  .وﻟﻢ ﺗﺴﺠﻞ ﻧﺘﺎﺋﺞ ﺗﺸﺮﯾﺢ اﻟﻤﻌﺪة ﺗﻐﺬﯾﺔ
أﻓﻌﻰ اﻷھﺮام ﻋﻠﻰ اﻟﻄﯿﻮر ﺑﺎﻟﺮﻏﻢ ﻣﻦ ﺗﺴﺠﯿﻞ اﻟﺪراﺳﺔ اﻟﺤﻘﻠﯿﺔ ﻟﻮﺟﻮدھﺎ ﻓﻲ
أﻋﺸﺎش ﻃﯿﻮر اﻟﻮروار ﻋﻠﻰ ﺣﻮاف اﻷودﯾﺔ  ،اﻷﻣﺮ اﻟﺬي ﯾﺪﻋﻮﻧﺎ إﻟﻰ ﻋﺪم
اﻟﺠﺰم ﺑﺘﻐﺬﯾﮭﺎ ﻋﻠﻰ اﻟﻄﯿﻮر ﺑﺎﻟﺮﻏﻢ ﻣﻦ ﺗﻮﻓﺮ اﻟﻐﻄﺎء اﻟﻨﺒﺎﺗﻲ وﻣﻨﺎﺳﺒﺔ درﺟﺔ
)  ( Leviton, 1992ﻋﻠﻰ
ﺣﺮارة اﻟﻮﺳﻂ اﻟﻤﺤﯿﻂ  .وﺑﺎﻟﺮﻏﻢ ﻣﻦ ﺗﺄﻛﯿﺪ
ﺗﻐﺬي أﻓﻌﻰ اﻷھﺮام ﻋﻠﻰ اﻟﻄﯿﻮر  ،إﻻ أن ذﻟﻚ ﯾﺒﻘﻰ اﺣﺘﻤﺎﻻً ﻣﻤﻜﻨﺎ وﻓﻖ ھﺬه
اﻟﺪراﺳﺔ .
ﻛﻤﺎ ﺳﺠﻠﺖ اﻟﺪراﺳﺔ ﺗﻐﺬﯾﺔ اﻷﻓﻌﻰ ﻋﻠﻰ ﻧﻮﻋﯿﻦ ﻣﻦ اﻟﻌﻘﺎرب اﻟﻤﻮﺟﻮدة ﻓﻲ
Leiurus quinquestriatus
ﺑﯿﺌﺘﮭﺎ وھﻤﺎ ﻋﻘﺮب ﻓﻠﺴﻄﯿﻦ اﻟﺼﻔﺮاء
وﻋﻘﺮب ﻧﯿﺒﻮ  Nebo hierichonticusواﻟﻠﺘﺎن ﺗﻨﺸﻄﺎن ﺧﻼل اﻟﻠﯿﻞ وھﻲ
ﻧﻔﺲ اﻟﻔﺘﺮة اﻟﺘﻲ ﺗﻨﺸﻂ ﺑﮭﺎ أﻓــﻌﻰ اﻷھـﺮام  ،وھﺬه اﻟﻨﺘﯿﺠﺔ أﯾﺪت ﻣﺎ أﻛـﺪه )
 ( Mazuch, 2005aاﻟﺬي أﺷﺎر إﻟﻰ أن اﻟﻌﻘﺎرب ﻣﻦ ﻋﺎﺋﻠﺔ  Buthidaeھﻲ
ﻼ
اﻟﻐﺬاء اﻟﻤﻔﻀﻞ ﻷﻓﻌﻰ اﻷھﺮام  E. p. leakeyiوأﻛﺜﺮ ھﺬه اﻟﻌﻘﺎرب ﺗﻔﻀﯿ ً
. Parabuthus granimanus
وﻷن أﻓﻌﻰ اﻷھﺮام ﺣﯿﻮاﻧﯿﺔ اﻟﺘﻐﺬﯾﺔ ﻓﺈن اﻷﻏﺼﺎن واﻟﺒﻘﺎﯾﺎ اﻟﻨﺒﺎﺗﯿﺔ اﻟﺘﻲ
وﺟﺪت ﻓﻲ ﻣﻌﺪﺗﮭﺎ ﻟﻢ ﺗﻜﻦ دﻟﯿﻼً ﻋﻠﻰ ﺗﻐﺬﯾﺘﮭﺎ اﻟﻨﺒﺎﺗﯿﺔ ﺑﻘﺪر ﻣﺎ ﻛﺎﻧﺖ أﺟﺰاء ﻧﺒﺎﺗﯿﺔ
ﻗﺪ اﻟﺘﺼﻘﺖ ﻋﻠﻰ ﺟﻠﺪ اﻟﻌﻼﺟﯿﻢ اﻟﺘﻲ ﺗﺘﻐﺬى ﻋﻠﯿﮭﺎ ﺻﯿﻔﺎً إﺿﺎﻓﺔ إﻟﻰ ﺣﺒﯿﺒﺎت
اﻟﺮﻣﻞ  .ﻛﻤﺎ أن ﺗﻠﻚ اﻟﺤﺸﺮات اﻟﺼﻐﯿﺮة ﻣﻦ رﺗﺒﺔ ﻏﺸﺎﺋﯿﺔ اﻷﺟﻨﺤﺔ
 Hymenoptraواﻟﺨﻨﺎﻓﺲ اﻟﺜﺎﻗﺒﺔ ﻣﻦ رﺗﺒﺔ ﻏﻤﺪﯾﺔ اﻷﺟﻨﺤﺔ
Coleoptraواﻟﺘﻲ ﻟﻢ ﯾﺘﺠﺎوز ﻃﻮﻟﮭﺎ  0.5ﺳﻢ ووﺟﺪت ﻓﻲ ﻣﻌﺪة ﺑﻌﺾ
اﻷﻓﺎﻋﻲ ھﻲ ﻓﻲ اﻟﺤﻘﯿﻘﺔ ﻣﺠﻤﻮﻋﺔ ﻣﻦ اﻟﺤﺸﺮات اﻟﺘﻲ ﺗﺘﻐﺬى ﻋﻠﯿﮭﺎ اﻟﻌﻼﺟﯿﻢ
وﻓﻘﺎً ﻟﺘﺸﺮﯾﺢ ﻣﻌﺪة ﻣﺠﻤﻮﻋﺔ ﻣﻦ اﻟﻌﻼﺟﯿﻢ ﻣﻦ ﺑﯿﺌﺔ اﻷﻓﻌﻰ  ،إﺿﺎﻓﺔ ﻟﻐﯿﺎﺑﮭﺎ ﻓﻲ
ﻣﺤﺘﻮﯾﺎت اﻟﻤﻌﺪة ﺷﺘﺎءاً .وﻣﻊ ذﻟﻚ ﻓﺈن اﺣﺘﻤﺎل ﺗﻐﺬي اﻷﻓﻌﻰ ﻋﻠﯿﮭﺎ ﯾﺒﻘﻰ ﻗﺎﺋﻤﺎ
ﻛﻮﻧﮭﺎ ﺗﺘﻐﺬى ﻋﻠﻰ اﻟﺤﺸﺮات .
وﻻﺣﻈﺖ اﻟﺪراﺳﺔ ﺗﻐﺬﯾﺔ وﺣﯿﺪة ﻷﻓﻌﻰ اﻷھﺮام ﻋﻠﻰ اﻟﺴﺤﺎﻟﻲ ﺧﻼل ﺷﮭﺮ
أﻏﺴﻄﺲ  ،ﺑﺎﻟﺮﻏﻢ ﻣﻦ ﺗﻮﻓﺮ ﻧﻮﻋﯿﻦ ﻣﻦ اﻷﺑﺮاص وﻧﻮﻋﯿﻦ ﻣﻦ اﻟﺴﺤﺎﻟﻲ
اﻟﺤﻘﯿﻘﯿﺔ ﺑﺄﻋﺪاد وﻓﯿﺮة ﻓﻲ ﺑﯿﺌﺘﮭﺎ  .اﻷﻣﺮ اﻟﺬي ذﻛﺮه ) (Leviton, 1992ﺑﺄﻧﮭﺎ
ﺗﺘﻐﺬى ﻋﻠﻰ اﻟﺴﺤﺎﻟﻲ وأﺷﺎر إﻟﯿﮫ ) .( Mazuch.2005aوھﺬا ﻣﺎ ﯾﺪﻋﻮﻧﺎ
ﻟﺘﻔﺴﯿﺮ ﻣﺎ ﺣﺪث ﺑﺄن اﻟﺤﯿﻮان ذو ﺗﻐﺬﯾﺔ ﻣﺘﺨﺼﺼﺔ ﻋﻨﺪ اﻟﻈﺮوف اﻟﺒﯿﺌﯿﺔ
واﻟﻤﻨﺎﺧﯿﺔ اﻟﻤﻨﺎﺳﺒﺔ  .ﻓﺒﺎﻟﺮﻏﻢ ﻣﻦ ﺗﻮﻓﺮ اﻟﻌﺪﯾﺪ ﻣﻦ اﻟﻔﺮاﺋﺲ اﻟﻤﻨﺎﺳﺒﺔ ﻟﻸﻓﻌﻰ ﻓﻲ
ﻓﺼﻞ اﻟﺼﯿﻒ ﻛﺎﻟﺴﺤﺎﻟﻲ واﻟﺤﺸﺮات واﻟﻤﻔﺼﻠﯿﺎت واﻟﻘﻮارض إﻻ أن ﻋﻼﺟﯿﻢ
ﺗﮭﺎﻣﺔ ﺗﺒﻘﻰ اﻟﻔﺮﯾﺴﺔ اﻟﻤﻔﻀﻠﺔ ﻟﮭﺎ ﻓﻲ ﻓﺼﻞ اﻟﺼﯿﻒ وﺧﺼﻮﺻﺎ ﻋﻨﺪ ﺗﻮﻓﺮ
اﻟﻤﺴﻄﺤﺎت اﻟﻤﺎﺋﯿﺔ اﻟﻼزﻣﺔ ﻟﺘﻠﻚ اﻟﻌﻼﺟﯿﻢ .
وﻷن ﺗﻮﻓﺮ اﻟﻐﺬاء ﻟﻠﺰواﺣﻒ ﯾﻌﺘﻤﺪ ﻋﻠﻰ اﻷﻣـﻄﺎر  ،واﻟﺬي ﺑﺪوره ﯾﺆﺛﺮ
ﻋﻠﻰ ﻣﻌﺪل اﻟﻨﻤﻮ واﻟﺘﻜﺎﺛﺮ ) ( Ballinger, 1974ﻣﻦ ﺧﻼل ﺗﻮﻓﺮ اﻟﺒﯿﺌﺎت
اﻟﻤﻨﺎﺳﺒﺔ ﻟﻠﺤﯿﻮاﻧﺎت اﻟﻤﺨﺘﻠﻔﺔ ﻣﻦ ﺣﯿﺚ اﻟﻤﺼﺎدر اﻟﻤﺎﺋﯿﺔ واﻟﻐﻄﺎء اﻟﻨﺒﺎﺗﻲ
وﺑﺎﻟﺘﺎﻟﻲ ﺗﻨﻮع وﺗﺸﺎﺑﻚ اﻟﺴﻼﺳﻞ اﻟﻐﺬاﺋﯿﺔ ؛ ﻓﺈن ﻧﺸﺎط أﻓﻌﻰ اﻷھﺮام ﯾﻜﻮن ﻋﺎدة
ﻓﻲ ﻣﻮاﻃﻨﮭﺎ اﻟﺮﻃﺒﺔ )اﻟﻄﺒﯿﻌﯿﺔ واﻟﺰراﻋﯿﺔ ( وﻟﻢ ﯾﺮﺗﺒﻂ ﻓﻲ اﻷﺳﺎس ﺑﻜﺜﺎﻓﺔ
اﻟﻐﻄﺎء اﻟﻨﺒﺎﺗﻲ وإﻧﻤﺎ ﺑﻮﺟﻮد ﻣﺼﺎدر ﻣﺎﺋﯿﺔ ﻣﺴﺘﻤﺮة أو ﺷﺒﮫ ﻣﺴﺘﻤﺮة ﻛﻔﯿﻠﺔ
ﺑﻮﺟﻮد ﻣﺠﻤﻮﻋﺔ ﻣﻦ اﻟﺤﯿﻮاﻧﺎت ﻓﻲ ﺑﯿﺌﺘﮭﺎ .وﻋﻼوة ﻋﻠﻰ ذﻟﻚ ﻓﺈن ﺗﻠﻚ اﻷودﯾﺔ
ذات اﻟﺘﺮﺑﺔ اﻟﺮﻣﻠﯿﺔ واﻟﺤﻮاف اﻟﻄﯿﻨﯿﺔ ﻛﺎﻧﺖ ھﻲ اﻟﺒﯿﺌﺎت اﻟﻤﻔﻀﻠﺔ ﻟﮭﺬه اﻷﻓﻌﻰ.
وﺑﺎﻟﺮﻏﻢ ﻣﻦ ﺗﻐﻠﻐﻞ ﺑﻌﺾ اﻟﺘﻜﻮﯾﻨﺎت اﻟﺼﺨﺮﯾﺔ اﻟﺨﺸﻨﺔ ﻷﻃﺮاف ﺗﻠﻚ اﻷودﯾﺔ
إﻻ أﻧﻨﺎ ﻟﻢ ﻧﺸﺎھﺪھﺎ ﻧﮭﺎﺋﯿﺎً ﻓﯿﮭﺎ  ،ﺑﻞ ﻛﺎﻧﺖ ﺗﻤﺜﻞ اﻟﻤﻜﺎن اﻟﻤﻔﻀﻞ ﻷﻓﻌﻰ اﻟﺴﺠﺎد
اﻟﺸﺮﻗﻲ  E. coloratusواﻟﺘﻲ ﺗﻮﺟﺪ ﻣﻌﮭﺎ ﻓﻲ ﻧﻔﺲ اﻟﺒﯿﺌﺔ ﻣﻊ اﺧﺘﻼف ﻃﺒﯿﻌﺔ
اﻟﺘﻜﻮﯾﻦ اﻟﺴﻄﺤﻲ ﻟﻤﻜﺎﻧﮭﻤﺎ  ،اﻷﻣﺮ اﻟﺬي ﺳﺒﻖ أن أﺷﺎر إﻟﯿﮫ
).( Gassperitti,1988
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وﯾﺒﺪأ ﻧﺸﺎط اﻷﻓﻌﻰ ﺑﻌﺪ ﻏﺮوب اﻟﺸﻤﺲ ـ اﻟﻐﺴﻖ ـ  ،وﻗﺪ ﺗﺨﺮج ﻣﻊ اﻟﻐﺮوب
ﻓﻲ أﺷﮭﺮ اﻟﺸﺘﺎء .وﺗﺴﺘﻤﺮ ﻃﻮال اﻟﻠﯿﻞ وﺣﺘﻰ ﺳﺎﻋﺎت ﻣﺘﺄﺧﺮة ﻓﻲ اﻷﻣﺎﻛﻦ
اﻟﻤﻔﺘﻮﺣﺔ ﺻﯿﻔﺎً  ،وﺑﯿﻦ اﻷﺣﺠﺎر وﺗﺤﺖ اﻷﺷﺠﺎر ﺑﻌﺪ ﺣﻮاﻟﻲ  4-3ﺳﺎﻋﺎت ﻣﻦ
ﻏﺮوب اﻟﺸﻤﺲ ﺷﺘﺎءاً  .ﻓﺎﻷﻓﻌﻰ ﺗﺘﺠﻮل ﺑﯿﻦ اﻟﺤﻮاف اﻟﻄﯿﻨﯿﺔ ﻟﻸودﯾﺔ واﻟﻤﻐﻄﺎة
ﺑﺎﻷﺷﺠﺎر وﺧﺎﺻﺔ أﺷﺠﺎر اﻷراك )  Salvadora persica (Arakوﺑﯿﻦ
اﻟﻤﺼﺎدر اﻟﻤﺎﺋﯿﺔ اﻟﺠﺎرﯾﺔ أو اﻟﺮاﻛﺪة ﻓﻲ ﺑﻄﻮن اﻷودﯾﺔ ﺻﯿﻔﺎً  .أﻣﺎ ﻓﻲ اﻟﺸﺘﺎء
ﻓﺈن ذﻟﻚ ﻟﻢ ﯾﻠﺤﻆ ﺑﺸﻜﻞ ﯾﺪﻋﻮ ﻟﺘﻌﻤﯿﻤﮫ  ،ﺑﻞ ﻛﺎﻧﺖ ﺗﻮﺟﻮد ﺗﺤﺖ اﻷﺷﺠﺎر وﺑﯿﻦ
اﻷﺣﺠﺎر  ،وﺣﺎﻻت ﻧﺎدرة ﺷﻮھﺪت آﺛﺎرھﺎ ﺑﯿﻦ اﻟﻤﺼﺎدر اﻟﻤﺎﺋﯿﺔ وﺑﯿﻦ اﻟﺤﻮاف
اﻟﻄﯿﻨﯿﺔ ﺑﻌﺪ ﻏﺮوب اﻟﺸﻤﺲ.
وﻓﻲ ﻣﻮﺳﻢ اﻷﻣﻄﺎر ﻟﻢ ﺗﺴﺠﻞ اﻷﻓﺎﻋﻲ ﻓﻲ ﺑﻄﻮن اﻷودﯾﺔ اﻟﺠﺎرﯾﺔ ﺑﻌﺪ
اﻟﻤﻄﺮ ﻣﺒﺎﺷﺮة  ،ﺑﻞ ﺳﺠﻠﺖ ﺑﻌﺪ ذﻟﻚ ﺑﯿﻮم ﻋﻠﻰ اﻷﻗﻞ وﻋﻠﻰ ﺣﻮاف اﻷودﯾﺔ ﻓﻲ
اﻷﻣﺎﻛﻦ اﻟﺘﻲ ﯾﻜﻮن ﺟﺮﯾﺎن اﻟﻤﺎء ﻓﯿﮭﺎ ﺑﻄﯿﺌﺎً  .وﻟﻌﻞ اﻟﺴﺒﺐ ﻓﻲ ذﻟﻚ اﻟﺨﻮف ﻣﻦ
ﺟﺮف اﻟﺘﯿﺎرات اﻟﻤﺎﺋﯿﺔ ﻟﮭﺎ ﻣﻦ ﺟﮭﺔ  ،وﻏﯿﺎب اﻟﻔﺮﯾﺴﺔ ﻣﻦ ﺟﮭﺔ أﺧﺮى.
وﺑﺎﻟﺮﻏﻢ ﻣﻦ ﻣﺸﺎھﺪة أﻓﻌﻰ اﻷھﺮام ﻓﻲ وﺿﻊ اﻻﺳﺘﻌﺪاد ﻋﻠﻰ ﺣﻮاف اﻟﻤﺼﺎدر
اﻟﻤﺎﺋﯿﺔ واﻟﻐﻨﯿﺔ ﺑﺄﺳﻤﺎك  Garra tibanica tibanicaﻓﻲ ﺷﮭﺮ ﯾﻮﻟﯿﮫ إﻻ أن
اﻟﺪراﺳﺔ ﻟﻢ ﺗﺴﺠﻞ ﺗﻐﺬﯾﺔ اﻷﻓﻌﻰ ﻋﻠﯿﮭﺎ.
إن اﻟﻨﺸﺎط اﻟﺤﺮﻛﻲ ﻟﻠﺜﻌﺎﺑﯿﻦ واﻟﻘﺪرة ﻋﻠﻰ اﻟﮭﺮب ﻣﻦ اﻟﻤﻔﺘﺮﺳﺎت ﻏﺎﻟﺒﺎً ﻣﺎ
ﯾَﻘِﻞ ﺑﻌﺪ اﻟﺘﻐﺬي ﻋﻠﻰ ﻓﺮﯾﺴﺔ ﻛﺒﯿﺮة  ،وﻣﻦ ﻧﺎﺣﯿﺔ أﺧﺮى ﻓﺈن اﻟﺜﻌﺎﺑﯿﻦ اﻟﺘﻲ ﺗﺘﻐﺬى
ﻋﻠﻰ وﺟﺒﺔ ﺻﻐﯿﺮة ﺗﻜﻮن ﻣﺤﺘﺎﺟﺔ ﻟﻠﺒﺤﺚ اﻟﻤﺘﻮاﺻﻞ ﻋﻦ اﻟﻐــﺬاء  ،وھﺬا ﯾﺰﯾﺪ
ﻣﻦ ﻓﺮﺻﺔ ﺗﻌﺮﺿﮭﺎ ﻟﻸﻋﺪاء ) ; Huey and Pianka, 1981
 ، ( Hammerson, 1989وﻋﻠﯿﮫ ﻓﺈن ﺣﻮاف اﻷودﯾﺔ اﻟﻤﺮﺗﻔﻌﺔ ﻛﺎﻧﺖ ﺗﻤﺜﻞ
اﻟﻤﻜﺎن اﻟﻤﻨﺎﺳﺐ ﻟﻸﻓﻌﻰ ﺑﻌﺪ ﻋﻤﻠﯿﺔ اﻟﺘﻐﺬﯾﺔ ﺧﺼﻮﺻﺎً ﻓﻲ اﻟﻠﯿﺎﻟﻲ اﻟﺤﺎرة
واﻟﺮﻃﺒﺔ ﻣﻦ ﻓﺼﻞ اﻟﺼﯿﻒ  ،ﺣﯿﺚ ﻛﺎﻧﺖ ﻣﻌﺪة ﺗﻠﻚ اﻷﻓﺎﻋﻲ ﻣﻤﺘﻠﺌﺔ ﺑﺎﻟﻐﺬاء .
أﻣﺎ ﺗﻠﻚ اﻟﺘﻲ ﯾﺘﻢ اﻹﻣﺴﺎك ﺑﮭﺎ ﻓﻲ وﻗﺖ اﻟﻐﺴﻖ ﻓﻐﺎﻟﺒﺎ ﻛﺎﻧﺖ ﻣﻌﺪﺗﮭﺎ ﺧﺎﻟﯿﺔ ،وﻟﻌﻞ
ھﺬا ﻣﺎ ﯾﻔﺴﺮ ﻟﻨﺎ ﺧﺮوﺟﮭﺎ ﻣﺒﻜﺮًا ﺑﺤﺜًﺎ ﻋﻦ ﻃﻌﺎﻣﮭﺎ .
وﺗﺤﺼﻞ أﻓﻌﻰ اﻷھﺮام ﻋﻠﻰ ﻏﺬاﺋﮭﺎ ﺑﻄﺮﯾﻘﺘﯿﻦ  ،اﻷوﻟﻰ :إﺳﺘﺮاﺗﯿﺠﯿﺔ
اﻟﻜﻤﺎﺋﻦ ﺣﯿﺚ ﺗﻘﻒ ﻣُﺴﺘ ِﻌﺪّة ﻋﻠﻰ ﺣﻮاف اﻟﻤﺼﺎدر اﻟﻤﺎﺋﯿﺔ ﺻﯿﻔﺎً أو ﺑﯿﻦ
اﻟﺼﺨﻮر وﺗﺤﺖ اﻷوراق اﻟﻤﺘﺴﺎﻗﻄﺔ أﺳﻔﻞ اﻷﺷﺠﺎر ﺷﺘﺎءاً  .واﻟﺜﺎﻧﯿﺔ ﺑﻄﺮﯾﻘﺔ
اﻟﺘﺠﻮل ﺑﯿﻦ اﻟﺸﺠﯿﺮات واﻟﻤﺼﺎدر اﻟﻤﺎﺋﯿﺔ ﺑﺤﺜﺎً ﻋﻦ ﻓﺮﯾﺴﺘﮭﺎ  .وﺗﺘﻢ ﺗﻐﺬﯾﺘﮭﺎ ﺑﺄن
ﺗﻌﺾّ اﻟﻔﺮﯾﺴﺔ دون أن ﺗﺘﺮﻛﮭﺎ وﺑﺎﻟﺘﺤﺪﯾﺪ اﻟﻌﻼﺟﯿﻢ  ،ورﺑﻤﺎ ﯾﻌﺰى ذﻟﻚ ﻹﻣﻜﺎﻧﯿﺔ
ﻗﻔﺰ اﻟﻌﻠﺠﻮم ﺑﻌﺪ اﻟﻌﺾ إﻟﻰ اﻟﻤﯿﺎه وﺑﺎﻟﺘﺎﻟﻲ ﻓﻘﺪان اﻟﻔﺮﯾﺴﺔ أﻣﺎ اﻟﻘﻮارض ﻓﯿﻤﻜﻦ
ﻣﺘﺎﺑﻌﺘﮭﺎ ﺑﻌﺪ اﻟﻌﺾ  .وأﻣﺎ ﻓﻲ اﻟﻤﻌﻤﻞ ﻓﻘﺪ ﻛﺎﻧﺖ ﺗﻐﺬﯾﺔ أﻓﻌﻰ اﻷھﺮام ﻋﻠﻰ
اﻟﻘﻮارض ﻣﺨﺘﻠﻔﺔ ،ﺣﯿﺚ ﺗﻌﻀﮭﺎ ﺛﻢ ﺗﺘﺮﻛﮭﺎ ﺣﺘﻰ ﯾﺒﺪأ ﻣﻔﻌﻮل اﻟﺴﱡﻢ ﻓﻲ ﺟﺴﺪھﺎ
وﻣﻦ ﺛﻢ ﺗﺒﺘﻠﻌﮭﺎ ؛ وھﺬا ﯾﺘﻮاﻓﻖ ﻣﻊ ﻧﺘﺎﺋﺞ )اﻟﺴﻮﯾﻠﻢ ( 2001 ،ﻓﻲ دراﺳﺘﮫ ﻋﻠﻰ
أﻓﻌﻰ اﻟﺮﻣﺎل اﻟﻤﻘﺮﻧﺔ  ،واﻟﺘﻲ ﺗﻌﺾ ﻓﺮﯾﺴﺘﮭﺎ ﺑﺴﺮﻋﺔ ﻣﺘﻨﺎھﯿﺔ ﺛﻢ ﺗﺘﺮﻛﮭﺎ ﺑﺮھﺔ
ﻣﻦ اﻟﺰﻣﻦ ﺛﻢ ﺗﺒﺘﻠﻌﮭﺎ  .إﺿﺎﻓﺔ إﻟﻰ دﻋﻢ ﻣﺎ ذﻛﺮ ) ( Shine et. al., 2004ﻣﻦ
أن ﻃﺮﯾﻘﺔ ﺑﺤﺚ اﻟﺜﻌﺎﺑﯿﻦ ﻋﻦ ﻏﺬاءھﺎ ﯾﻌﺘﻤﺪ ﻋﻠﻰ أﺳﺎﻟﯿﺐ اﻟﻤﻮاﺟﮭﺔ ﺑﯿﻦ
اﻟﻤﻔﺘﺮس واﻟﻔﺮﯾﺴﺔ ؛ ﻓﻘﺪ ﺷﻮھﺪت اﻷﻓﻌﻰ ﺗﻌﺾ اﻟﻘﻮارض أﻛﺜﺮ ﻣﻦ ﻣﺮة دون
ﺗﺤﺪﯾﺪ ﻣﻜﺎن ﻣﺨﺼﺺ ﻟﻠﻌﺾ ﺑﻞ ﻋﺸﻮاﺋﯿﺎً ﻟﺤﺮﻛﺎت اﻟﻤﺮاوﻏﺔ ﻣﻦ اﻟﻔﺮﯾﺴﺔ ﻟﯿﺘﻢ
ﻗﺘﻠﮫ ﺑﺴﺮﻋﺔ  .وھﺬه اﻟﻤﻼﺣﻈﺔ واﻓﻘﺖ ﺗﻠﻚ اﻟﺘﻲ ﻻﺣﻈﮭﺎ ) ( Hayes, 1992ﻓﻲ
دراﺳﺘﮫ ﻋﻠﻰ اﻷﻓﻌﻰ اﻟﻤﺠﻠﺠﻠﺔ اﻟﺘﻲ ﺗﺘﻐﺬى ﻋﻠﻰ اﻟﻔﺌﺮان .ﻛﻤﺎ ﻟﻮﺣﻆ ﺧﻼل
اﻟﺪراﺳﺔ أن ﻋﻤﻠﯿﺔ إﺧﺮاج اﻷﻓﻌﻰ ﻟﻠﺴﺎﻧﮭﺎ ﯾﺰداد ﺑﺸﻜﻞ واﺿﺢ ﺑﻌﺪ ﻋﻤﻠﯿﺔ اﻟﻌﺾ
ﻟﻠﻔﺮﯾﺴﺔ ،ﻣﺸﺎﺑﮭﺔ ﻓﻲ ذﻟﻚ ﻧﺘﺎﺋﺞ )  ( Chiszar et. al., 1977; 1982؛
وﻟﻌﻞ اﻟﺴﺒﺐ ﻓﻲ ذﻟﻚ ﯾﻌﻮد ﻟﻤﺤﺎوﻟﺔ اﻷﻓﻌﻰ اﻻﺳﺘﺪﻻل ﻋﻠﻰ ﻣﻜﺎن اﻟﻔﺮﯾﺴﺔ
ﺑﺴﺮﻋﺔ .
إن ﻣﻌﻈﻢ اﻟﺜﻌﺎﺑﯿﻦ ﺗﺘﻨﺎول ﻓﺮاﺋﺴﮭﺎ ﻣﻦ اﻟﺮأس ﺑﺤﯿﺚ ﯾﻜﻮن اﻟﺒﻠﻊ ﺑﺎﺗﺠﺎه ﻧﻤﻮ
اﻟﺸﻌﺮ واﻟﺮﯾﺶ واﻟﺤﺮاﺷﻒ )  ، ( Greene, 1976ﺑﺎﻟﺮﻏﻢ ﻣﻦ وﺟﻮد ﺑﻌﺾ
اﻟﺪراﺳﺎت اﻟﺘﻲ ذﻛﺮت اﻟﻌﻜﺲ ﻣﻦ ذﻟﻚ ) . ( Marques and Puorto,1994
وﻗﺪ ﺟَﻤَﻌَﺖ أﻓﻌﻰ اﻷھﺮام ﻓﻲ ﺳﻠﻮك ﺗﻐﺬﯾﻨﮭﺎ ﻛﻼً ﻣﻦ اﻟﻄﺮﯾﻘﺘﯿﻦ  ،ﻓﻜﺎﻧﺖ ﻻ
ﺗﺘﻨﺎول اﻟﻌﻼﺟﯿﻢ ﻣﻦ اﻟﺮأس ﺑﻞ ﺗﻌﻀﮭﺎ ﻣﻤﺴﻜﺔ ﺑﮭﺎ ﻣﻦ أي ﻣﻜﺎن  ،ﺣﺘﻰ ﯾﺒﺪأ
ﻓﻌﻞ اﻟﺴﱡﻤﻮم ﻓﻲ ﺟﺴﺪ اﻟﻔﺮﯾﺴﺔ  ،وﻣﻦ ﺛﻢ ﺗﺒﺪأ ﺑﺒﻠﻌﮭﺎ ﺑﺄﺳﺮع وﻗﺖ وأﺳﮭﻞ وﺿﻊ
ﻣﻤﻜﻦ  .أﻣﺎ ﻓﻲ ﺣﺎﻟﺔ اﻟﺘﻐﺬي ﻋﻠﻰ اﻟﻘﻮارض  ،ﻓﻜﺎﻧﺖ داﺋﻤﺎً ﺗﺤﺎول اﻟﺘﻌﺮف ﻋﻠﻰ
ﻣﻨﻄﻘﺔ اﻟﺮأس ﺑﻌﺪ أن ﯾﻜﻮن اﻟﺴﱡﻢ ﻗﺪ أﻋﻄﻰ ﻣﻔﻌﻮﻟﮫ  ،وﺗﺒﺪأ ﻋﻤﻠﯿﺔ اﻟﺒﻠﻊ ﻣﻦ
اﻟﺮأس  .وﻟﻌﻞ ﺗﻔﺴﯿﺮ ذﻟﻚ ﯾﺒﺮز ﻓﻲ أﻧﮭﺎ ﺗﻌﺾ اﻟﻘﻮارض ﺛﻢ ﺗﺘﺮﻛﮭﺎ وﺑﺎﻟﺘﺎﻟﻲ
ﻋﻨﺪھﺎ اﻟﻮﻗﺖ اﻟﻜﺎﻓﻲ ﻟﻠﺘﻤﯿﯿﺰ واﺧﺘﯿﺎر ﻣﻨﻄﻘﺔ اﻟﺮأس ﻋﻦ ﻣﺆﺧﺮة اﻟﺠﺴﻢ ﻋﻨﺪ ﺑﺪء
ﻋﻤﻠﯿﺔ اﻟﺒﻠﻊ  .ﻛﻤﺎ أن اﻟﻔﺘﺮة اﻟﺰﻣﻨﯿﺔ اﻟﻼزﻣﺔ ﻹﺗﻤﺎم ﻋﻤﻠﯿﺔ اﻻﺑﺘﻼع ﺗﻮاﻓﻘﺖ ﻣﻊ
ﺗﻠﻚ اﻟﺘﻲ ذﻛﺮھﺎ )  . ( Stinner and Ely, 1993وﻓﯿﻤﺎ ﯾﺘﻌﻠﻖ ﺑﺤﺠﻢ اﻟﻔﺮﯾﺴﺔ
ﺠﻠَﺖ اﻟﺪراﺳﺔ أن اﻟﻮﻗﺖ اﻟﻼزم ﻻﻓﺘﺮاس اﻟﺤﯿﻮاﻧﺎت اﻟﺒﺎﻟﻐﺔ ﻟﻠﻔﺮاﺋﺲ
ﻓﻘﺪ ﺳَ ّ
اﻟﻜﺒﯿﺮة أﻃﻮل ﻣﻨﮫ ﻓﻲ ﺣﺎﻟﺔ اﻟﻔﺮاﺋﺲ اﻷﻗﻞ ﺣﺠﻤﺎً  ،ھﺬا ﺑﺎﻹﺿﺎﻓﺔ إﻟﻰ أن
اﻟﺜﻌﺎﺑﯿﻦ اﻟﻜﺒﯿﺮة ﻻ ﺗﻜﺘﻔﻲ ﺑﻔﺮﯾﺴﺔ واﺣﺪة ﺻﻐﯿﺮة ﺑﻞ ﺗﺒﺘﻠﻊ ﻣﻦ  3-2ﻓﺮاﺋﺲ
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ﺻﻐﯿﺮة  ،ﻓﻲ ﺣﯿﻦ اﻛﺘﻔﺖ ﺑﻮاﺣﺪة ﻣﻦ اﻟﻔﺮاﺋﺲ اﻟﻜﺒﯿﺮة  .ﻣﺆﯾﺪﯾﻦ ﺑﺬﻟﻚ ﻣﺎ ورد
ﻓﻲ ﻧﺘﺎﺋﺞ دراﺳﺔ )  ( Canjani et. al., 2002أن اﻻﻓﺘﺮاس ﯾﺮﺗﺒﻂ ﺑﺤﺠﻢ
اﻟﻔﺮﯾﺴﺔ ﻃﺮدﯾﺎً  ،ودراﺳﺔ ) ( Ming-Chung and Hutchison, 1995
ﺠﻠَﺖ
أن اﻟﺜﻌﺎﺑﯿﻦ اﻟﻜﺒﯿﺮة ﺗﺘﻐﺬى ﻋﻠﻰ وﺟﺒﺎت ﻛﺒﯿﺮة ﺑﺸﻜﻞ ﻏﯿﺮ ﻣﺴﺘﻤﺮ.ﻛﻤﺎ ﺳَ ّ
ھﺬه اﻟﺪراﺳﺔ ﺷﺮب اﻷﻓﻌﻰ ﻟﻠﻤﺎء ﻣﻦ اﻟﻤﺼﺎدر اﻟﻤﺎﺋﯿﺔ  ،ﺣﯿﺚ ﺗﻀﻊ ﻓﻤﮭﺎ
ﻣﻼﻣﺴﺎً ﻟﺴﻄﺢ اﻟﻤﺎء ﻟﻤﺪة ﺗﺘﺮاوح ﺑﯿﻦ  30 – 10ﺛﺎﻧﯿﺔ ﻗﺒﻞ أن ﺗﺮﻓﻊ رأﺳﮭﺎ ،
وﯾﻤﻜﻦ ﺧﻼل ذﻟﻚ رؤﯾﺔ ﺣﺮﻛﺔ اﻟﺒﻠﻌﻮم أﺳﻔﻞ اﻟﻔﻚ اﻟﺴﻔﻠﻲ ﻟﮭﺎ  ،اﻷﻣﺮ اﻟﺬي ﻟﻢ
ﯾﺸﺮ إﻟﯿﮫ اﺣﺪ ﻣﻦ اﻟﺒﺎﺣﺜﯿﻦ ﻣﻦ ﻗﺒﻞ.
إن اﻟﻨﺸﺎط اﻟﻐﺬاﺋﻲ ﻷﻓﻌﻰ اﻷھﺮام ﻓﻲ ﺑﯿﺌﺘﮭﺎ ﻛﺎن ﻣﻼﺣﻈﺎً ﻓﻲ ﻓﺼﻞ اﻟﺼﯿﻒ
ﻋﻨﮫ ﻓﻲ ﻓﺼﻞ اﻟﺸﺘﺎء  ،ورﺑﻤﺎ ﯾﻌﻮد اﻟﺴﺒﺐ ﻓﻲ ذﻟﻚ ﻟﻌﺪة أﻣﻮر أھﻤﮭﺎ :ﺗﻮﻓﺮ
اﻟﻔﺮاﺋﺲ اﻟﻨﺸﻄﺔ ﻓﻲ أوﻗﺎت ﻧﺸﺎﻃﮭﺎ اﻟﯿﻮﻣﻲ  ،وﻣﻨﺎﺳﺒﺔ اﻟﻈﺮوف اﻟﻤﻨﺎﺧﯿﺔ
ﻟﻠﺤﺪود اﻟﻤﺜﻠﻰ ﻟﻤﻤﺎرﺳﺔ ﻧﺸﺎﻃﺎﺗﮭﺎ اﻟﺤﯿﻮﯾﺔ ﺑﻜﻔﺎءة  .إن ﺗﻠﻚ اﻷﺳﺒﺎب ﻣﻦ اﻟﻐﺬاء
اﻟﻮﻓﯿﺮ واﻟﻤﻨﺎخ اﻟﻤﻨﺎﺳﺐ أﺗﺎح ﻹﻧﺎث اﻷﻓﻌﻰ ﺧﺼﻮﺻﺎً وﻓﻲ أﺷﮭﺮ ﻗﻠﯿﻠﺔ اﻟﻘﺪرة
ﻋﻠﻰ اﺳﺘﻌﺎدة وزﻧﮭﺎ اﻟﺴﺎﺑﻖ وﺗﻘﻠﺺ ﻋﻀﻼت ﺟﺴﻤﮭﺎ اﻟﻤﺘﺮھﻠﺔ واﻟﺒﺪاﯾﺔ ﻓﻲ
دورة ﺗﻜﺎﺛﺮﯾﺔ ﺟﺪﯾﺪة ﻣﺮة أﺧﺮى  ،وﯾﻮاﻓﻘﻨﺎ ﻓﻲ ھﺬا اﻟﺘﻌﻠﯿﻞ ﻣﺎ ورد ﻓﻲ دراﺳﺔ
)  ( Zuffi et. al. 1999ﻋﻠﻰ إﻧﺎث أﻓﻌﻰ .Vipera aspis

اﻟﻤﺮاﺟﻊ اﻟﻌﺮﺑﯿﺔ
اﻟﺰﯾﻠﻌﻲ  ،أﺣﻤﺪ ﻋﻤﺮ ؛ اﻟﺨﻠﯿـﻔﺔ  ،ﺧﻠﯿﻔﺔ ﻋﺒﺪ اﷲ ؛ اﻟﺸﺎرخ  ،ﻋﺒﺪ اﷲ
ﻣﺤﻤﺪ ؛ اﻟﺰھـﺮاﻧﻲ  ،ﻋﺒﺪ اﷲ ﺳﺎﻟﻢ ؛ اﻟﺘﺮﻛﻲ  ،ﺷﺎﻛﺮ ﺟﺎﺳـﻢ .(2003)،
ﺳﻠﺴﻠﺔ آﺛﺎر اﻟﻤﻤﻠﻜـﺔ اﻟﻌﺮﺑﯿـﺔ اﻟﺴﻌﻮدﯾﺔ ) ﻣﻨﻄﻘﺔ ﺟﺎزان( .وزارة
اﻟﻤﻌﺎرف  ،وﻛﺎﻟﺔ اﻵﺛﺎر واﻟﻤﺘﺎﺣﻒ  ،اﻟﺮﯾﺎض .
اﻟﺴﻌﺪون  ،ﻣﺤﻤﺪ ﺧﺎﻟﺪ 2004)،أ( .أﻧﻮاع اﻟﻌـﻘﺎرب واﻟﺜﻌﺎﺑﯿﻦ اﻟﺴﺎﻣﺔ
ﻓﻲ ﻣﻨﻄﻘﺔ اﻟﺠﻮف "دراﺳﺔ ﺗﺼﻨﯿـﻔـﯿﺔ وﺳُـﻤّﯿﺔ وإﻛﻠﯿﻨﯿﻜﯿﺔ" .ط،1
ﻣﺆﺳﺴﺔ ﻋﺒﺪ اﻟﺮﺣﻤﻦ اﻟﺴﺪﯾﺮي اﻟﺨﯿﺮﯾﺔ  ،اﻟﺠﻮف  272 ،ص.
اﻟﺴﻌﺪون  ،ﻣﺤﻤﺪ ﺧﺎﻟﺪ 2004)،ب( .دﻟﯿﻞ اﻟﻄﺎﻟﺐ ﻟﻠﺪروس اﻟﻌﻤﻠﯿﺔ ﻓﻲ
ﻋﻠﻢ اﻟﺰواﺣﻒ  .إدارة اﻟﻨﺸﺮ اﻟﻌﻠﻤﻲ واﻟﻤﻄﺎﺑﻊ  ،ﺟﺎﻣﻌﺔ اﻟﻤﻠﻚ ﺳﻌﻮد
اﻟﺮﯾﺎض  159 ،ص.
اﻟﺴﻮﯾﻠﻢ ،ﻋﺒﺪ اﻟﻌﺰﯾﺰ ﻣﺤﻤﺪ 2001 )،م( " .دراﺳﺔ ﺑﻌﺾ اﻟﻨﻮاﺣﻲ
اﻟﺒﯿﺌﯿﺔ ﻟﻸﻓﻌﻰ اﻟﻤﻘﺮﻧﺔ  Cerastes cerastesﻓﻲ اﻟﻤﻨﻄﻘﺔ اﻟﻮﺳﻄﻰ ﻣﻦ
اﻟﻤﻤﻠﻜﺔ اﻟﻌﺮﺑﯿﺔ اﻟﺴﻌﻮدﯾﺔ " .رﺳﺎﻟﺔ ﻣﺎﺟﺴﺘﯿﺮ  ،ﻗﺴﻢ ﻋﻠﻢ اﻟﺤﯿﻮان ،
ﻛﻠﯿﺔ اﻟﻌﻠﻮم  ،ﺟﺎﻣﻌﺔ اﻟﻤﻠﻚ ﺳﻌﻮد  ،اﻟﺮﯾﺎض  178 ،ص ) ﻏﯿﺮ
ﻣﻨﺸﻮر (.
اﻟﺸﺮﯾﻒ  ،ﻋﺒﺪاﻟﺮﺣﻤﻦ ﺻﺎدق  . (2002 ) ،ﺟﻐﺮاﻓﯿﺔ اﻟﻤﻤﻠﻜﺔ اﻟﻌﺮﺑﯿﺔ
اﻟﺴﻌﻮدﯾﺔ  .دار اﻟﻤﺮﯾﺦ ﻟﻠﻨﺸﺮ  ،اﻟﺮﯾﺎض  ،اﻟﻤﻤﻠﻜﺔ اﻟﻌﺮﺑﯿﺔ اﻟﺴﻌﻮدﯾﺔ.
اﻟﻌﺒﯿﻜﺎن  ،ﻣﺤﻤﺪ ؛ ﺷﻌﺒﺎن  ،ﻓﺎﯾﺰ ؛ ﻋﺜﻤﺎن  ،ﻋﻮض ؛ اﻟﺒﯿﺸﻲ  ،ﻣﺤﻤﺪ ؛
أﺑﻮدﺳﻮﻗﻲ  ،ﺟﻤﺎل ؛ ﻛﺎﺳﻨﯿﻠﯿﻮ  ،إدوﯾﻦ ؛ ﺑﺮازوﯾﻼ ،ﺟﻨﻠﻲ ؛ اﻟﺒﯿﺸﻲ ،
ﻣﺤﻤﺪ ؛ اﻟﻤﻐﻠﻮث  ،ﺳﺎﻣﻲ و ﻧﺼﯿﺮ  ،إﺑﺮاھﯿﻢ  . (2002 )،اﻷﻃﻠﺲ
اﻟﺠﻐﺮاﻓﻲ ﻟﻠﻤﻤﻠﻜﺔ اﻟﻌﺮﺑﯿﺔ اﻟﺴﻌﻮدﯾﺔ واﻟﻌﺎﻟﻢ – اﻟﻤﺮﺣﻠﺔ اﻟﻤﺘﻮﺳﻄﺔ ـ .
اﻟﻄﺒﻌﺔ اﻷوﻟﻰ  212 ،ص  ،ﻣﻜﺘﺒﺔ اﻟﻌﺒﯿﻜﺎن  ،اﻟﺮﯾﺎض  ،اﻟﻤﻤﻠﻜﺔ
اﻟﻌﺮﺑﯿﺔ اﻟﺴﻌﻮدﯾﺔ .
اﻟﻌﺒﯿﻜﺎن  ،ﻣﺤﻤﺪ ؛ ﺷﻌﺒﺎن  ،ﻓﺎﯾﺰ ؛ ﻋﺜﻤﺎن  ،ﻋﻮض ؛ اﻟﺒﯿﺸﻲ  ،ﻣﺤﻤﺪ ؛
أﺑﻮدﺳﻮﻗﻲ  ،ﺟﻤﺎل ؛ ﻛﺎﺳﻨﯿﻠﯿﻮ  ،إدوﯾﻦ ؛ ﺑﺮازوﯾﻼ ،ﺟﻨﻠﻲ ؛ اﻟﻌﺒﯿﺪاء ،
ﻋﺒﺪاﻟﻌﺰﯾﺰ ؛ ﺑﻦ ﺳﻠﻤﻰ ﻧﺎﺻﺮ ؛ ﻣﻨﺼﻮري  ،ﻣﺤﺴﻦ ؛ ﺑﺪر  ،ﻃﻠﻌﺖ ؛
اﻟﺮاﺷﺪ  ،ﻣﺤﻤﺪ ؛ اﻟﻤﻐﻠﻮث  ،ﺳﺎﻣﻲ و ﻧﺼﯿﺮ  ،إﺑﺮاھﯿﻢ .(2003 )،
اﻷﻃﻠﺲ اﻟﺠﻐﺮاﻓﻲ ﻟﻠﻤﻤﻠﻜﺔ اﻟﻌﺮﺑﯿﺔ اﻟﺴﻌﻮدﯾﺔ واﻟﻌﺎﻟﻢ – اﻟﻤﺮﺣﻠﺔ
اﻟﺜﺎﻧﻮﯾﺔ ـ  .اﻟﻄﺒﻌﺔ اﻷوﻟﻰ  241 ،ص  ،ﻣﻜﺘﺒﺔ اﻟﻌﺒﯿﻜﺎن  ،اﻟﺮﯾﺎض ،
اﻟﻤﻤﻠﻜﺔ اﻟﻌﺮﺑﯿﺔ اﻟﺴﻌﻮدﯾﺔ .

ھﯿﻜﻤﺎن  ،ﻣﺤﻤﺪ .(1989 ).اﻷﺳﺎﺳﯿﺎت اﻟﻤﺘﻜﺎﻣﻠﺔ ﻟﻌﻠﻢ اﻟﺤﯿﻮان )
اﻟﻄﺒﻌﺔ اﻟﻌﺮﺑﯿﺔ ( .اﻟﺪار اﻟﻌﺮﺑﯿﺔ ﻟﻠﻨﺸﺮ واﻟﺘﻮزﯾﻊ  ،اﻟﻘﺎھﺮة  .ﻣﺼﺮ.
اﻟﻤﺮاﺟﻊ اﻷﺟﻨﺒﯿﺔ
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اﻟﻤﺠﻠﺔ اﻷردﻧﻴﺔ ﻟﻠﻌﻠﻮم اﻟﺤﻴﺎﺗﻴﺔ
ﻣﺠﻠﺔ ﻋﻠﻤﻴﺔ ﻋﺎﻟﻤﻴﺔ ﻣﺤﻜﻤﺔ
اﻟﻤﺠﻠﺔ اﻷردﻧﻴﺔ ﻟﻠﻌﻠﻮم اﻟﺤﻴﺎﺗﻴﺔ  :ﻣﺠﻠﺔ ﻋﻠﻤﻴﺔ ﻋﺎﻟﻤﻴﺔ ﻣﺤﻜﻤﺔ أﺳﺴﺘﻬﺎ اﻟﻠﺠﻨﺔ
اﻟﻌﻠﻴﺎ ﻟﻠﺒﺤﺚ اﻟﻌﻠﻤﻲ ،وزارة اﻟﺘﻌﻠﻴﻢ اﻟﻌﺎﻟﻲ واﻟﺒﺤﺚ اﻟﻌﻠﻤﻲ ،اﻷردن ،وﺗﺼﺪر
ﻋﻦ ﻋﻤﺎدة اﻟﺒﺤﺚ اﻟﻌﻠﻤﻲ واﻟﺪراﺳﺎت اﻟﻌﻠﻴﺎ ،اﻟﺠﺎﻣﻌﺔ اﻟﻬﺎﺷﻤﻴﺔ ،اﻟﺰرﻗﺎء،
اﻷردن .
هﻴﺌﺔ اﻟﺘﺤﺮﻳﺮ
رﺋﻴﺲ اﻟﺘﺤﺮﻳﺮ:
اﻷﺳﺘﺎذ اﻟﺪآﺘﻮر ﻧﻌﻴﻢ إﺳﻤﺎﻋﻴﻞ
ﻗﺴﻢ اﻟﻌﻠﻮم اﻟﺤﻴﺎﺗﻴﺔ  ،اﻟﺠﺎﻣﻌﺔ اﻟﻬﺎﺷﻤﻴﺔ ،اﻟﺰرﻗﺎء ،اﻷردن .

اﻷﻋﻀﺎء:
اﻷﺳﺘﺎذ اﻟﺪآﺘﻮر أﺣﻤﺪ ﺑﻄﻴﺤﺔ

اﻷﺳﺘﺎذ اﻟﺪآﺘﻮر داود اﻟﻌﻴﺴﻮي

اﻷﺳﺘﺎذ اﻟﺪآﺘﻮر ﺣﻨﺎن ﻣﻠﻜﺎوي

اﻷﺳﺘﺎذ اﻟﺪآﺘﻮر ﺳﺎﻣﻲ ﻋﺒﺪ اﻟﺤﺎﻓﻆ

ﺟﺎﻣﻌﺔ اﻟﻌﻠﻮم واﻟﺘﻜﻨﻮﻟﻮﺟﻴﺎ اﻷردﻧﻴﺔ
ﺟﺎﻣﻌﺔ اﻟﻴﺮﻣﻮك

اﻟﺠﺎﻣﻌﺔ اﻷردﻧﻴﺔ
ﺟﺎﻣﻌﺔ اﻟﻴﺮﻣﻮك

اﻷﺳﺘﺎذ اﻟﺪآﺘﻮر ﻣﺤﻤﺪ اﻟﺨﻄﻴﺐ
اﻟﺠﺎﻣﻌﺔ اﻷردﻧﻴﺔ

ﻓﺮﻳﻖ اﻟﺪﻋﻢ:
اﻟﻤﺤﺮر اﻟﻠﻐﻮي
اﻟﺪآﺘﻮر واﺋﻞ زرﻳﻖ

ﺗﻨﻔﻴﺬ وإﺧﺮاج
م .أﺳﺎﻣﺔ اﻟﺸﺮﻳﻂ

ﺗﺮﺳﻞ اﻟﺒﺤﻮث إﻟﻰ اﻟﻌﻨﻮان اﻟﺘﺎﻟﻲ :
رﺋﻴﺲ ﺗﺤﺮﻳﺮ اﻟﻤﺠﻠﺔ اﻷردﻧﻴﺔ ﻟﻠﻌﻠﻮم اﻟﺤﻴﺎﺗﻴﺔ
ﻋﻤﺎدة اﻟﺒﺤﺚ اﻟﻌﻠﻤﻲ و اﻟﺪراﺳﺎت اﻟﻌﻠﻴﺎ
اﻟﺠﺎﻣﻌﺔ اﻟﻬﺎﺷﻤﻴﺔ
اﻟﺰرﻗﺎء – اﻷردن
هﺎﺗﻒ  ٠٠٩٦٢ ٥ ٣٩٠٣٣٣٣ :ﻓﺮﻋﻲ ٤١٤٧
Email: jjbs@hu.edu.jo
Website: www.jjbs.hu.edu.jo

