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Abstract: Since the time of the rainy Holocene, there have been periods of consecutive rain and drought on Egypt. Study of carbon 
14 in the long-lived coniferous tree rings could see activity in the sun (spots and solar flares) during eleven years cycle, as well as 
knowledge of possible flooding of the Nile and the periods of increase and decrease of the extent necessary to meet the soil around 
Lake Qarun in Fayoum-Egypt. From historical records in ancient Egypt and Muslim countries, the possible link between periods of 
the disappearance of sunspots on the solar disc for several years and is known to inch lower level and role of the minimum level of 
Mandour creeping ice on Southern Europe to the Mediterranean Sea, and the offset of the drought in North Africa and the Sahel 
region of Africa during the last thousand years. Analyzed pollen fossils of the overlapped layers of soil in two areas of the Delta were 
Avaris in Sharkiya Province and Mendes in Dakahliya Province. The study pointed out that there are differences due to 
environmental conditions, demonstrated by the analysis of soil pH, increased electrical connectivity also, the evidence of sulfates and 
chlorides indicate high salinity of Mendes and Avaris. Also the analysis of fossil pollen of successive layers of soil for both regions 
resulted in findings of fossil pollen of the species Chenopodiaceae by 51.2%, in Mendes, while, 7% in the Avaris. This is strong 
evidence of the existence conditions of salt in Mendes than Avaris archaeological sites. 
 
Key words: Climate change, wet habitat, palaeoecology, palynology, prehistory, predynasty, Avaris Sharkiya and Mendes Dakahliya 
Province.  
 

1. Introduction  

Climate change is often invoked as a trigger for the 
collapse of civilizations. The fall of the Akkadian 
Empire and the end of the Egyptian Old Kingdom 
around 4,200 years BP (before present) have both 
been attributed to climatic change resulting in regional 
desiccation [1-3]. However, there is widespread 
evidence that climatic and environmental stress played 
a major role in the emergence of early civilizations, 
and that acidification in particular acted as a trigger 
for increased social complexity associated with 
urbanization and state formation. Evidence that the 
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desert belt of the northern hemisphere experienced 
wetter conditions in the past is widespread, but is 
particularly rich in the Sahara [4-8]. Dating of 
archaeological sites, lake sediments and faunal 
remains indicates that wet conditions were established 
in the Sahara by around 10,000 BP after a long period 
of aridity associated with the last glacial period [9-11]. 
This humid phase was associated with an 
intensification of the African Monsoon caused by 
increased northern hemisphere summer insulation, 
resulting in its penetration far north of its current 
northernmost position [12-15]. The early Holocene 
humid phase was, however, punctuated by episodes of 
aridity that appear to have coincided with North 
Atlantic cooling events. Also evident from ice-rafted 
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debris and Greenland ice-core records [16-21]. While 
summer insulation remained strong, the Saharan 
region recovered from these arid interruptions, and 
humid conditions were re-established. However, there 
is evidence that recovery was at best partial in the 
eastern Sahara after an arid event around 6,000 BP [19, 
20] and the entire Sahara had entered a period of 
desiccation by around 5,000 BP [4, 7]. The process of 
environmental desiccation that followed the 
southward retreat of the monsoon was mediated by 
geography; while water persisted at or near the surface 
in some locations long after the significant rainfall, 
hyper-arid surface conditions were established rapidly 
in other Saharan regions. Malville and Shaltout [22, 
23] suggest that “an exodus from the Nubian Desert at 
4,800 (uncalibrated radiocarbon) years BP may have 
stimulated social differentiation and cultural 
complexity in pre-dynastic Upper Egypt.” It is 
plausible that the necessity to settle permanently in the 
Nile Valley, coupled with a increase in population due 
to immigration resulting from desiccation of the 
surrounding Saharan. 

2. Aim of Study 

The aim of this study is to provide information on 
the evolution of vegetation ecosystems and to 
document their response to climate change during 
prehistory, predynasty and recent period. we examine 
the response of dry and wet ecosystems to changes in 
regional climate , based on the fossil pollen data of the 
Nile Delta region.  

3. About the Study Areas 

Avaris (Egyptian: Hatwaret, Greek: Auaris), 
thought to be located at Tell el-Dab’a (some still argue 
for different locations), was the ancient capital of the 
Hyksos dynasties in Egypt. Located in the 
northeastern region of the Nile Delta, Avaris was the 
base of the Hyksos kings of Egypt’s Second 
Intermediate Period. The city was built atop the ruins 
of a Middle Kingdom town that had been captured by 
the Hyksos. After their takeover, the Hyksos heavily 

fortified the city and ruled the country using new 
technology, specifically the chariot which had never 
been witnessed before by the Ancient Egyptians. Tell 
El-Daba’a (Avaris), located in the northeastern Nile 
Delta (Fig. 1) has been known since 1885. This part of 
the Nile Delta is generally characterized by a low 
alluvial plain with southwest-northeast trending belts 
of higher ground known as Geziras (Arabic: 
sand-islands) and archaeological sites known as tells 
which are accumulations of ancient settlement debris. 
Excavations at the site have been conducted since 
1966 [24]. 

Mendes is a city just north-west of Avaris in the 
Egyptian delta and the sacred goat (often called Khem, 
Chem or Ham) was the zodiacal goat of Capricorn. In 
accordance with the Dragon Court tradition, Mendes, 
the Greek name of Ancient Egyptian city of Djedet, 
also known in Ancient Egypt as Per-Banebdjedet 
(“The Domain of the Ram Lord of Djedet”) and Anpet, 
is known today as Tell El-Ruba. The city is located in 
the eastern Nile Delta (Fig. 1) and was the capital of 
the 16th Lower Egyptian named Kha, until it was 
replaced by Thmuis in Greco-Roman Egypt. The two 
cities are only several hundred meters apart. During 
the 29th dynasty, Mendes was also the capital of 
Ancient Egypt, which lies on the Mendesian branch of 
the Nile (now silted up), about 35 km east of 
al-Mansurah. Mendes was mentioned in the 
sarcophagi texts as the meeting place of Osiris and Ra. 
They unified and became the “united Ba”, the same 
texts state that Osir’s ba was manifested through the 
ram’s body consecutively Osir was represented as a 
ram and the worship of Osir went on to the Ptolemaic 
era. Mendes became the capital of Egypt during the 
29th Dynasty. Civilization in the area goes back to the 
Old Kingdom as the most ancient discovered tombs, 
and there are mastabas referred to the first and second 
dynasties, but scholars proved their use during pre 
dynasties and archaic periods [25]. 

4. Materials and Methods 

Two profile sectors were dug to 120 cm depth, at 
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Fig. 3  Soil profile at Mendes (Tell el Robaa) 
archaeological site. 
 

The purified samples mounted on glass slides and 
counted for their pollen grains up to 300 grains. Pollen 
identification routinely used ×400 magnification with 
×1,000 magnification for small and difficult types 
with reference standard keys [28], and reference 

herbarium collection specimens of ESRI 
(Environmental Studies and Research Institute) Sadat 
City University, while, pollen and spores nomenclature 
follows method in Ref. [29]. Pollen percentage, 
concentration, calculations were based on the sum of 
total land pollen, which included terrestrial 
Pteridophyte spores, Cyperaceae pollen, and 
unidentified pollen types. Concentrations of 
pollen-slide > 12 μm were determined. Since particle 
fragmentation occurs during pollen processing, a 
sieving-based methodology modified from Ref. [30] 
was used. 

5. Results 

5.1 Soil Analysis 

Avaris (Tell el Dabaa Archaeological Site), Table 1 
revealed that: The type of the soil is mainly of 
mediμm and fine particles with values range between 
38.8%-32.5% at depths 0-25 cm to 125-150 cm. The 
soil pH, ranged between 8.6-7.2 at depths 0-25 to 
125-150 cm. Ca-carbonates content ranged between 

 

Table 1  Physical and chemical properties of soil samples profile at Avaris archaeological site. 

Chronology Depth/cm 
Physical (particle size) (%) 

G 
Sand 

SC 
C M F 

Recent 0-25 10.3 3.9 38.8 36 12.3 
Early, Middle and New Kingdoms (about 
2920-1070 BC) 

25-50 22.4 5.35 37.5 29.5 10.6 
50-75 26.3 4.99 37.1 28.1 9.3 

Predynasty 3500-3100 BC 75-100 16 3.7 36.2 36 9.8 
Prehistory 100-125 10.8 4.2 32.7 27.2 15.3 
About 8500BC 125-150 8.3 2.8 32.5 30.1 15.6 

 

Chronology Depth/cm
Chemical 

PH CaCO3/% N/ppm E.C/Ms/ 
cm 

Anions/M.meq/L Cations/M.meq/L 
Cl SO4 CO3 HCO3 Na K Ca Mg 

Recent 0-25 8.6 7.6 40 0.4 1.2 1.48 - 1 1.24 0.44 1.4 0.8 
Early, Middle and 
New Kingdoms about 
(2920-1070 BC) 

25-50 8.4 5.9 22 0.2 1.6 0.5 - 1.2 1.21 0.29 0.8 0.65 

50-75 8.2 3 20 0.18 1.05 0.14 - 0.98 0.78 0.26 0.65 0.6 
Predynasty 3500-3100 
BC 75-100 8.1 2.5 17 0.58 1.5 0.4 - 0.8 0.78 0.11 0.61 1.6 

Prehistory 100-125 7.9 2.2 9 0.36 1 1.02 - 1 1.06 0.43 0.8 1 
About 8500 BC 125-150 7.2 2 6 0.35 1.75 0.82 - 1.5 1.14 0.53 0.63 0.24 
M = moisture content; G = gravels; C = coarse sand; M = mediμm; F = fine sand; SC = finer sediments, E.C/MS = Electric 
Conductivity 
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2%-7.6%, total nitrogen 6-40 ppm, while 
electro-conductivity ranged between 0.4-0.35 mL. 
Mohs/cm at depths 0-25 cm and 125-150 cm, the 
amount of Na ranged between 1.24-0.78 M.meq/L, Cl 
(chlorides) ranged between 1.05-1.75 M.meq/L at 
depths 50-75 cm and 125-150 cm, and the amount of 
SO4 (sulphates), ranged between 1.48-0.14 M.meq/L 
at depths 0-25 cm and 50-75 cm. 

Mendes (Tell el Robaa Archaeological Site), Table2 
showed the main bulk of the soil is sand with values 
ranging between 26.2%-32.5% at depths 0-25 cm and 
125-150 cm. The soil pH ranged between 8.9-7.5 cm 
at depths 0-25 cm and 125-150 cm. Ca-carbonates 
content ran ged between 44.6%-29%, total nitrogen 
98-20 ppm, while electro-conductivity ranged between 
12.7-2.6 ml.Mohs/cm at depths 0-25 cm and 125-150 cm, 
the amount of Na ranged between 20.3-3.0 M.meq/L, 
Cl ranged between 150-27.3 M.meq/L at depths 0-25 
cm and 125-150 cm. The amount of SO4, ranged 

between 36.93-0.12 M.meq/L at depths 0-25 cm and 
125-150 cm. 

5.2 Pollen Record at Avaris 

 Period 1: Modern Soil Layers.  
a total of 12 samples, (0-10 cm,10-20, 20-30, 30-40, 

40-50, 50-60, 60-70, 70-80, 80-90, 90-100, 100-110, 
110-120 cm), were analyzed, where nine pollen types 
were recognized (Table 3). Records of the most 
important individual taxa are presented in Fig. 4. 

The identified pollen, pteridophyte spores from 
Avaris profile Open Vegetation, Chenopodiaceae, 
Asteraceae, Poaceae and Cyperaceae with 
abundances 17.5%, 17%, 21.7% and 19% respectively, 
and swampy vegetation recorded, Typhaceae 3.6%. 

 Period 2: New Kingdom (about 1550-1070 BC) 
open vegetation, Chenopodiaceae, Asteraceae, 

Poaceae and Cyperaceae with abundances 7.9%, 
4.6%, 36.1% and 4.7% respectively.    

 

Table 2  Physical and chemical properties of soil samples profile at Mendes archaeological site. 

Chronology Depth/cm 
Physical (particle size) (%) 

G 
Sand 

SC 
C M F 

Recent 0-25 3.5 16 26.2 22.3 32 
Early, Middle and  
New Kingdoms  
(about 2920-1070 BC) 

25-50 4 18.1 26.9 20.5 30.1 

Predynasty  
(3500-3100 BC) 

50-75 5.1 19.8 26.3 19.2 29 
75-100 2.8 17 29 21 25.1 

Prehistory  
(about 8500 BC) 

100-125 4.9 19 32.7 18.6 26.3 
125-150 5 20 32.5 19.2 26.6 

 

Chronology Depth/cm
Chemical 

PH CaCO3 
(%) N ppm E.C 

Ms/cm
Anions/M.meq/L Cations/M.meq/L 

Cl SO4 CO3 HCO3 Na K Ca Mg 
Recent 0-25 8.9 44.6 98.3 12.7 150 36.93 - 1.6 20.3 6.15 66.2 94.8 
Early, Middle and 
New Kingdoms about 
(2920-1070 BC) 

25-50 8.4 35.9 92.4 10.5 115 22.8 - 1.2 14.6 4.92 37.8 62.3 

Predynasty 
3500-3100 BC 

50-75 8.2 37.2 80 7.6 89 21.6 - 1.3 10.4 3.2 17.5 48.1 
75-100 8.1 35.6 75.6 5.1 65 21.9 - 0.8 7.2 4.67 13.3 42.6 

Prehistory About 
8500 BC 

100-125 7.9 28.1 60.5 3.8 42.5 0.82 - 1.7 8 2 14 16.5 
125-150 7.5 29 20.3 2.6 27.3 0.12 - 2 3 1.5 5.8 10.7 

M = moisture content; G= gravels; C = coarse sand; M = medium; F = fine sand; SC = finer sediments; T.N = total nitrogen.  
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0.7% and Pinus type 0.9%. 
 Period 4: Early Dynasty (about 2920-2575 BC) 

Open vegetation, Chenopodiaceae, Asteraceae, 
Poaceae and Cyperaceae with abundances 6.2%, 
34.5%, 61.4% and 26.1% respectively, while, Nile 
water plants, Nymphaeaceae and Onagraceae with 
abundances 10.3% and 12%, swamp vegetation, 
Typhaceae 3.5%., Pinus type 3.6%. 

 Period 5: Predynasty (about 3500-3100 BC) 
Open vegetation, Chenopodiaceae, Asteraceae, 

Poaceae and Cyperaceae with abundances 2.4%, 
9.3%, 33.8% and 17%, respectively. Lycopodium 
spores 3.5%, Pinus type 8.5%, swamp vegetation, 
Typha type 11.8%. 

 Period 6: Prehistory (about 8500 BC) 
Open vegetation, Chenopodiaceae, Asteraceae, 

Poaceae and Cyperaceae with abundances 5%, 2%, 
18.6%, 47.3% and 10.5%, respectively. Nile water 
plants, Nymphaeaceae and Onagraceae with 
abundances 4.1% and 5.3%, but, swamp vegetation 
were, Typhaceae 8.9%, and Pinus type 9.3%. 

5.3 Pollen Record at Mendes 

 Period 1: Modern Soil Layers. 

A total of 12 samples, (0-10 cm,10-20, 20-30, 
30-40, 40-50, 50-60, 60-70, 70-80, 80-90, 90-100, 
100-110, 110-120 cm), were analyzed, where nine 
pollen types were recognized (Table 4). Records of 
the most important individual taxa are presented in 
Fig. 5. While, the identified pollen, pteridophyte 
spores from Mendes profile open vegetation, 
Chenopodiaceae, Asteraceae, Poaceae and 
Cyperaceae with abundances 51.2%, 0.6%, 24.6% and 
1%, respectively. 

 Period 2: New Kingdom about (1550-1070 BC) 
Open vegetation, Chenopodiaceae, Asteraceae, 

Poaceae and Cyperaceae with abundances 40.5%, 
2.3%, 16.3% and 4.9%, respectively. 

 Period 3: Middle Kingdom about (2040-1700 
BC) 

Open vegetation, Chenopodiaceae, Asteraceae, 
Poaceae and Cyperaceae with abundances 28.8%, 
10%, 9.6% and 5%, respectively. 

Nile water plants, Nymphaeaceae and Onagraceae 
with abundances 10 and 6.5%. Swamp vegetation, 
Typhaceae 1.5%, Pinus type 0.9%. 

 Period 4: Early Dynasty about (2920-2575 BC) 
Open vegetation, Chenopodiaceae, Asteraceae, 

 

Table 4  The relative abundance(%) of different pollen types of Mendes archaeological site. 

Chronology Depth/cm 
Pterid Gymn Monocot Dicot 
Lycop Pin TY PO CY CH NY AST ON 

Recent 

0-10cm 
(surface) - - - 24.6 1.0 51.2 1.8 0.6 0.9 

10-20 - - - 25.0 2.0 49.8 2.0 2.7 0.6 
20-30 - - - 16.8 4.0 36.9 3.0 13.4 0.8 

New Kingdom about(1550-1070 BC) 30-40 0.3 - - 16.3 4.9 40.5 4.7 2.3 19.5 

Middle Kingdom about 
(2040-1700 BC) 

40-50 0.7 0.3 - 7.3 - 31.8 10.7 2.7 31.8 
50-60 1.8 0.9 1.5 9.6 5.0 28.8 10.0 10.0 6.5 

Early Dynasty about 
(2920-2575 BC) 

60-70 2.6 1.3 2.6 53.6 7.1 20.0 6.5 8.5 5.2 
70-80 3.1 3.6 3.5 74.0 8.2 5.0 6.0 7.4 11.1 

Predynasty about 
(3500-3100 BC) 

80-90 3.4 5.1 5.0 83.3 10.5 3.3 4.2 3.3 3.3 
90-100 5.5 8.5 11.8 48.2 15.0 2.4 4.6 3.0 4.5 

Prehistory about 
( 8500 BC) 

100-110 10.6 6.4 7.0 45.5 14.8 3.4 5.3 5.0 4.1 
110-120 15.5 9.8 9.8 48.5 11.6 5.2 3.0 3.0 6.2 

Pterid = pteridophyta; Lycopod = Lycopodium; Gymn = gymnospermae; Pin = Pinus; Monocot = monocotyledon; TY = Typhaceae; 
PO = Poaceae (Graminae); CY = Cyperaceae; Dicot = Dicotolydon; CH = Chenopodiaceae; NY = Nymphaeaceae; AST = Asteraceae 
(Compositae); ON = Onagraceae.  



 

Fig. 5  Pollen
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Poaceae and Cyperaceae recorded abundances 5%, 
7.4%, 74% and 8.2%, respectively, while, Nile water 
plants, Nymphaeaceae and Onagraceae recorded 
abundances 6% and 11.1%, but, swamp vegetation, 
Typhaceae 3.5% and Pinus type 3.6%. 

 Period 5: Predynasty Period, about (3,500-3,100 
BC) 

Open vegetation, Chenopodiaceae, Asteraceae, 
Poaceae and Cyperaceae recorded abundances 2.4%, 
3%, 48.2% and 15% respectively, while Lycopodiμm 
spores 5.5%, Pinus type 8.5% and swamp vegetation, 
Typha type 10.5%. 

 Period 6: Prehistoric period, about (8,500 BC): 
Open vegetation, Chenopodiaceae, Asteraceae, 

Poaceae and Cyperaceae recorded abundances 5.2%, 
3%, 48.5% and 11.6% respectively, while, Nile water 
plants, Nymphaeaceae and Onagraceae with 
abundances, 3% and 6.2%, but the swampy vegetation 
recorded, Typhaceae 9.8%, Pinus type 9.5%. 

6. Discussion 

Climate change is often invoked as a trigger for the 
collapse of civilizations. The fall of the Akkadian 
Empire and the end of the Egyptian Old Kingdom 
around 4,200 years BP have both been attributed to 
climatic change resulting in regional desiccation [1, 2, 3]. 
However, climatic and environmental stress played a 
major role in the emergence of early civilizations. 
Dating of archaeological sites, lake sediments and 
faunal remains indicates that wet conditions were 
established in the Sahara by around 10,000 BP after a 
long period of aridity associated with the last glacial 
period [9, 37, 11]. This humid phase was associated 
with intensification of the African Monsoon caused by 
increasing the Northern Hemisphere summer 
insulation [12-15]. It has been noted that the rise of 
dynastic civilization in Egypt coincided with the onset 
of widespread Saharan desiccation, and a number of 
authors have suggested that increased social 
complexity in the Nile Valley may have been 
precipitated by desertification in the eastern Sahara. 

Adams and Cialowicz [30] state that the formation of 
the pharaonic state was the result of the expansion of 
the Naqada culture of Upper Egypt and was 
“encouraged by the pressure of a greater population in 
the south, where climatic change in the late 
Predynastic had reduced winter rainfall and husbandry 
in the deserts and brought about a reliance of 
agriculture in natural basins.” This view is supported 
by Wilkinson [31], who argues that populations that 
had previously practiced seasonal migration between 
the Nile Valley and the summer savannah in what is 
now Egypt’s Eastern Desert were forced to settle 
permanently in the Nile Valley as a result of the 
cessation of summer rainfall.  

Soil analysis of the present study reflects decrease 
salinity with depth; this can be explained with 
continuous leaching of salts at two studied sites 
according to Abd El-Fattah et al. [32]. 

Palynological studies: one of the aims of pollen 
studies is the reconstruction of palaeoenvironmental 
changes. The relative abundance of certain pollen and 
spores reflects conditions in which they survive also 
their habitats. During Period 1 (recent period) local 
swampy vegetation dwindled and, at the end of the 
period, dry forest decreased to reach a minimum 
representation. This marked decrease in forest species, 
together with abundant open vegetation reflects a 
progressive decrease in humidity, strongly suggesting 
decrease in precipitation. Chenopodiaceae was 
recorded the highest abundances 51.2% at Period 1 
recent layer at Mendes, while, Period 2 New Kingdom 
(about 1550-1070 BC) characterized with increase of 
open vegetation, also the Nile flooding is good. 
During Period 3 (Middle Kingdom, about 2040-1700 
BC), the data of pollen abundances revealed that 
dominance of Nile water plants, e.g., Nymphea and 
Jussiaea pollen types 10.7% and 31.8% at Mendes, 
the presence of these plants suggest Nile water and 
tributaries, also reflects Nile flooding at this period, 
(Patel et al, 1984 and El Ghazali, 1989) [33, 34]. 
Asteraceae and Poaceae reached the maximum 
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representation during Period 4 Early Dynasty about 
(2920-2575 BC) at Avaris, where 74% for Poaceae at 
the same period at Mendes and 26.1% for Cyperaceae 
at the same period at Avaris, Cyperaceae pollen 
reflects a significant degree in herbaceous vegetation 
on the valley floor, and therefore should be included 
in the pollen and sum is best supported, in this 
connection [35] which stated that Cyperaceae species 
were growing in wet or dry places, and it is salty or 
un-salty, while, during Predynastic Period 5 about 
(3100 BC) Typha pollen type was high (10.5 and 11.8), 
this high abundance may indicates reed swamps 
conditions at the two sites during this period [10], and 
the palynological assemblage indicates humid climatic 
conditions for this period, and an increase of 
precipitation, but during Prehistoric Period 6, 
Lycopodium spores (Fig. 6), recorded 10.4% and 15.5% 
at Avaris and Mendes, this may indicates a humid 
climate and habitats. On the other hand, Pinus type 
was recorded abundance 9.3% and 9.8% at the same 
depth and period of Avaris and Mendes. This high 
representation reflects higher precipitation, also 
suggests the down slope migration of the lower forest 
and we conclude that climatic conditions became 
moist to relatively wet, Schulz [36].  

7. Conclusion 

We can conclude that there is a succession of 
climatic changes leading to vegetation successions 
during the six studied periods, the ecosystems respond 
sensitively to changes in plant available moisture 
(precipitation) where the wet habitats and forest 
vegetation were dominant during Period 6 (Prehistory), 
followed by reed swamps during the Predynastic, 
Period 5 (about 3100 BC), and habitats changed to 
herbaceous vegetation during Period 4 (Early Dynasty 
about 2920-2575 BC), and Nile water flooding and 
dominance of Nile water plants during Period 3 
(Middle Kingdom, about 2040-1700 BC), while 
dominance of open vegetation cover during Period 2 
New Kingdom about (1550-1070 BC), then decrease 

in humidity, and strongly suggesting decrease in 
precipitation. Chenopodiaceae was recorded the 
highest abundances 51.2% in Period 1 recent layer at 
Mendes indicating that habitat changed to halophytic 
vegetation, while changed to mesophytic habitats at 
Avaris in recent time. So, Palynology serves 
reconstruction of the past vegetation and climate 
changes. 
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