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Abstract: The role of heritage sites as a shelter for biodiversity is overlooked. Eight archeological
sites representing different landscapes in Alexandria City were surveyed, from which 59 stands were
sampled between April 2019 and March 2021. The archeological sites and the relictual landscapes
are geographically dispersed and are arranged here from west to east, representing the full range of
environmental variation within the study area. The selection of stands in each site was based on the
area and the variability within the habitats, the physiography, and the levels of disturbance. A com-
posite soil sample was collected from each site. Two-way indicator species analysis (TWINSPAN) and
detrended correspondence analysis (DECORANA) were carried out to identify the plant communities
in the study area. The recorded taxa, their national geographical distribution, life forms, habitats,
chorological types, and vegetation groups are listed. A total of 221 specific taxa, 172 native and
49 alien non-native species (representing some 10.3% of the whole range of Egyptian flora), belonging
to 150 genera and 44 families, are reported in the present study. Only two endemic species were
recorded in the studied urban habitats. The phytosociological analysis of the sites showed differences
among vegetation types found in the archeological sites as a function of the varying degrees of
enthronization. A significant effect of archeological site and relictual landscape on species diversity
was observed as indicated using the richness, Shannon’s and Simpson’s indices. Flat plains are
substantially more diverse than any of the other habitats in the present study, followed by the habitat
of rocky ridge slope. The present study found evidence of an ecological legacy that persists today
within the semi-arid climatic ecosystem of Alexandria City. The study highlights the urgent need for
measures to maintain cultural landscapes while considering the conservation of biodiversity within
the archeological sites. It is hoped that the outcomes of the current study can provide guidance on the
potential integration of biodiversity conservation in planning the management of archeological sites.

Keywords: historic sites flora; urban habitats; cultural heritage; human disturbance; alien species;
plant communities; conservation; Alexandria City

1. Introduction

Archeological sites can provide refuge and shelter for biodiversity, protecting species
from human impact and the associated stresses of urban development [1,2]. The biodi-
versity management of archeological sites is a persistent problem when considering the
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conservation of historic structures and biodiversity. There is an urgent need for measures
to maintain cultural landscapes while considering the conservation of biodiversity within
archeological sites [3]. Human activities, such as pastoralism and agriculture, have strongly
modified natural ecosystems within the Mediterranean basin over millennia [4]; these inter-
actions have led to the creation of unique cultural landscapes [5], which provide habitat
heterogeneity of great importance for the relationship between natural biodiversity and
cultural heritage [6]. Several plant species can inhabit archeological sites, including rocky
walls [3,7]. The colonization of historic monuments by plant species is controlled by various
factors, including the availability of shelter, the substrate, disturbance, the variability of
microclimate, and the availability of water [8].

Protected cultural heritage sites, such as monuments, fortresses, tombs and sacred sites,
can play a key role in biodiversity conservation at the global scale [9,10], especially when
they are situated in environments that have been significantly altered by humans, such as
agricultural landscapes and urban environments [11]. In metropolises, archeological sites
are even more crucial, because these sites represent a web of green patches that can provide
various ecological services and play a key role in the conservation of urban biodiversity
inside cities and road boundaries [12–15].

The specific ecological conditions of archeological sites permit the establishment of
different species, which excludes the majority of species that get to these sites [16]. Un-
derstanding the factors that control which plant species inhabit historical monuments and
relictual landscapes can guide the proper management of these monuments and help in
combining the conservation of biodiversity and the preservation of cultural heritage. In the
current study, we investigate how local factors at archeological sites and historical relictual
landscapes affect the distribution and diversity of plant species within these sites. We focus
on a city that was the capital of Egypt from 322 B.C. to 642 A.D., which is famous for its
wealth of significant historic sites and monuments that combine pharaonic heritage with
that of Hellenistic and the Greco-Roman era. Archeological sites occupy a significant part
of Alexandria City. These sites are characterized by rich flora and vegetation due to both
the high habitat heterogeneity (forts, castles, walls, relictual landscapes, amphitheaters,
rubble, trampled places, tombs, etc.) and the different management activities, which allow
the recruitment of plant species with different ecological tolerances and requirements. One
of the main challenges in managing and conserving the heritage of historical and arche-
ological sites is integrating biodiversity conservation measures with the efforts towards
the preservation of cultural heritage. The conventional approach to the management of
vegetation and plant diversity in archeological sites is overlooked and usually defined by
visual considerations [17].

The current study attempts to assess the plant diversity within, and evaluate the
botanical value of, the archeological sites in Alexandria City, with the potential for us-
ing such information for the integration of biodiversity conservation into planning the
management of the investigated sites. Specifically, the study aims to: (1) investigate the
species composition (native vs. alien taxa) and the main plant communities prevalent in the
archeological sites and detect the major factors shaping their distribution; (2) identify key
flora components of these sites that are worthy of conservation actions, and their spatial
distribution. The evaluation of natural components for cultural heritage conservation can
assist in taking appropriate measures, which could then be used in other similar contexts
to sustain the conservation of biodiversity along with the preservation of cultural heritage.
One of the pillars of the sustainability of natural resources is the promotion of conservation
of biodiversity through adoption of mechanisms that integrate biodiversity conservation
and cultural diversity preservation.

2. Materials and Methods
2.1. Study Area

The city of Alexandria is located to the west of the Rosetta branch of the Nile River. It is
the largest city on the Mediterranean Sea, also known as the “Bride of the Mediterranean”,
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and the second largest city in Egypt (Figure 1). Historic records reveal that the Rhakotis
settlement, which was a relatively large city comprising twelve villages, predates (>2300
years B.P.) the establishment of the famous Mediterranean port city of Alexandria in B.C.
332 by Alexander the Great [18]. Alexandria City has rich historic and cultural layers that
extend below sea level. Alexandria was referred to by the Greeks as the Fort of Alexander
on the Ionian Sea. Throughout Alexandria, there is art that resembles some of the oldest
architectural styles of the Hellenic city, and its ancient architects [19]. However, Alexandria
City is also characterized by the presence of many historic buildings and monuments
that can be dated back to 331 B.C.—the time of the establishment of the city [20]. Out of
the numerous archeological sites and monuments existing in Alexandria City, eight sites
representing different landscapes (Figure 1, Tables 1 and S1) were investigated in this study.
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Figure 1. Location of the study area: (a) map of Egypt’s administrative boundaries; (b) Alexandria
Governorate with location of the study area and distribution of the studied historic sites; and
(c) enlarged part of the study area in Alexandria City illustrating locations of the sampled sites in the
studied historic places.
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Table 1. Historical and archeological sites investigated, from west to east.

Site No. of Stands Establishment Date [20] Status Area (m2) Location Description [20]

Um Kebeba
Fortress/Tabieh

Um Kebeba
20

(Stand 1–20)
19th

century

Not protected, no constraint
preventing common

activities in the area such as
grazing, fire, waste disposal

62,156 West of Alexandria

An archeological place, “Tabieh”, which the
residents call a “cave”, and which was built

to repel the attacks of invaders. It has
two doors and four rooms, and is

abandoned, which allowed the fishermen to
take it as a place to gather and store some of

their tools.

Catacombs of
Koum ElShoakafa

3
(Stand 21–23) 2nd century Protected, archeological

sites restrictions 15,144 Short distance southwest of
Pompey’s Pillar

The site comprises a multi-level labyrinth,
with a big spiral staircase, in addition to lots
of chambers ornamented with carved pillars,
statues, and other religious symbols, burial

niches, and sarcophagi of the syncretic
Romano-Egyptian era, discovered in the

early 20th century.

Pompey’s Pillar/ElSwary 6
(Stand 24–29) 298–302 A.D. Protected, archeological

sites restrictions 22,391 The middle of Alexandria

The 30 m high red Aswan granite pillar is a
victory monument constructed about

300 A.D. for the Roman Emperor Diocletian,
in an archeological site that previously
included the Serapeum of Alexandria.

El-Nadora 6
(Stand 30–35) 14th century A.D. Protected, archeological

sites restrictions 34,414 In the customs district
in Alexandria

Tel Kom Nadora appears as an elegant
archeological tower, which was used by

Napoleon’s armies to assess the numbers of
ships coming to Alexandria; Muhammad Ali
set up an observatory for the movement of

stars and planets. On this hill, the
companion Amr ibn al-Aas ascended when
he opened the city (25 A.H.–645 A.D.) where
he built his mosque, which has been known
since that time as the first mosque in the city

of Alexandria. The antique tower of Kom
Nadora was built after the collapse of the

ancient lighthouse of Alexandria. The tower
is in the shape of an octagon, with a height

of about 25 m, and it consists of 4 floors,
connected by a spiral staircase of wood. The
oldest plan for this tower was made by an

Italian traveler (Hugo Comnelli), 1472 A.D.

Atta Fortress/Tabieh
Atta/Anfoshy

3
(Stand 36–38)

Not protected, no constraint
preventing common

activities in the area such as
grazing, fire, waste disposal

27,360 Ras El-Tin Palace, the Naval
Base and Qaitbay Citadel

Neighborhood used to hear the Ramadan
cannon from the Atta site twice a day, firing
at fast breaking at the time of the Maghrib
call to prayer with another shot at Suhoor
before the call to dawn prayer, until the

silencing of the cannon in the late eighties.
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Table 1. Cont.

Site No. of Stands Establishment Date [20] Status Area (m2) Location Description [20]

Koum El-Dekah 8
(Stand 39–46) 3rd century Roman Era Protected, archeological

site restrictions 39,213 In the heart of
modern Alexandria

Represents part an ancient Roman cityscape
complete with theater, public baths, houses,
and palatial villas. What was once a Roman
town was neglected, later rediscovered and
excavated in 1960. Over the past half-century,
discoveries have continued to be made on
this site, including a series of lecture halls.

The remains of a Roman Theater represent a
noteworthy monument on the site. It

contains 13 rows of seats arranged in a
simple U-shaped formation. Most of the
complex at Koum El-Dekah is residential,

which includes opulent villas and homes for
the wealthiest citizens of Alexandria

throughout the 1st and 2nd centuries BCE.

El-Nahassen
Fortress/Tabieh
El-Nahassen/El-

Shalalate Gardens

4
(Stand 47–50) The Greco-Roman era Not fully protected 37,474 Al-Shatby district in middle

of Alexandria

The site contained the royal palace gardens
and old Alexandria library of the

Greco-Roman era, and the third major public
park in Alexandria. The parks were

established following the ideas of the
American landscaper and park-maker

Frederick Law Olmsted, and include towers
that were once a part of the ancient Roman

Alexandrian wall and Copper Fortress,
‘Tabieh El-Nahassen’, where copper tools

were manufactured in the era of
Mohammed Ali.

Kusa Basha
Fortress/Tabieh

Kousa Basha
9

(Stand 51–59) 1807 AD

Not protected, no constraint
preventing common

activities in the area such as
grazing, fire, waste disposal,
completely degraded due to

overexploitation by
local inhabitants

36,720 Abu Qir east of Alexandria

One of the oldest taboos, it was established
by order of Muhammad Ali Basha, who
directed one of the senior commanders

called “Muhammad Kousa Basha” to fortify
Alexandria from French aggression. It was
intended to be an impenetrable fortress to
repel the attacks of invaders from eastern

Alexandria, especially after the departure of
the French campaign, and the failure of the

English Fraser campaign. Tabieh is
surrounded by a high external wall on all

sides. This wall is separated from the sandy
hill surrounding it by a trench 20 m wide

and 8 m deep.



Sustainability 2022, 14, 2416 6 of 21

2.2. Field Survey and Data Collection

Eight archeological sites representing different landscapes in Alexandria City (Table 1)
were surveyed, from which 59 stands were sampled to represent the main habitats in
the study sites between April 2019 and March 2021. The archeological sites and relictual
landscape are geographically dispersed and are arranged from west to east, representing
the full range of environmental variation within the study area (Figure 1). The selection
of the stands in each site was based on random stratification that considered the area, the
variability in habitats, the physiographic variations, and the levels of disturbance. The size
of the stands varied depending on the habitat type and extension of plant cover. For each
stand, the following data were collected: (a) location in latitude/longitude coordinates
using handheld Garmin GPSMAP® 64s, (b) list of natural and cultivated trees and weed
species, (c) the most dominant species, (d) a visual estimate of the total cover (%) and the
cover of each species according to the Braun–Blanquet scale, and (e) the type of disturbance.
Specimens of the recorded vascular plants were collected for the preparation of herbarium
specimens, which were deposited in the Herbarium of The Botanic Garden of Alexandria
University (Heneidy et al. Collection). The identification and nomenclature have been
derived from Boulos [21–24].

2.3. Vegetation Measurements

The life forms of the species were identified following the Raunkiaer scheme [25]. The
global geographical distribution of the recorded taxa was recorded by Zohary [26,27] and
Feinbrun-Dothan [28,29], and the national geographical distribution by Täckholm [30] and
Boulos [21–24,31].

2.4. Soil Analysis

A three composite soil sample (about 2 kg each) was collected from each stand by
excavating representative 0–20 cm profiles. Samples were placed in plastic bags, transferred
to the laboratory within 24 h, spread over paper sheets, and regularly flipped until com-
pletely air-dried. Air-dried samples were ground with a wooden grinder to disseminate
soil aggregates, then sieved through a 2 mm mesh and stored for analyses. Soil samples
from each stand were analyzed for soil texture and particle size distribution using the
Bouyoucos hydrometer method [32]. Saturation percentage (SP) was determined for soil
samples [32]. Organic matter (OM) was determined by the Walkly–Black method [32].

The concentration of soil soluble cations (Ca2+, Mg2+, K+, Na+) and anions (SO4
2−,

HCO3
−, Cl−) in meq/l and available micro and macronutrients (Fe, Cu, Mn, Zn, N, and P)

in ppm were measured in the composite soil samples collected from each sampling site in
the present study. Sodium adsorption ratio (SAR) was calculated as SAR = Na√

1/2(Ca+Mg)
.

Soluble ions, pH, total dissolved solids (TDS) and electrical conductivity (EC) were deter-
mined in soil extract according to the method of Allen et al. [32]. Soil salinity (EC) (dS/m)
and TDS (ppm) were assessed using a conductivity meter, and soil reaction (pH) using a
pH meter (Jenway 3020, Cole-Parmer, Staffordshire, UK), while Ca2+, Mg2+, HCO3

−, and
Cl− were determined by titration. Na+ and K+ were measured using a flame photometer
(Corning 410 BWB, Sherwood Scientific Ltd., Cambridge, UK). SO4

2− was measured us-
ing a spectrophotometer (UNICO 2000, UNICO, Fairfield, NJ, USA). Fe, Zn, Mn, and Cu
concentrations were determined using atomic absorption (GBC 932 AA, GBC Scientific
Equipment Ltd., Dandenong, Australia). Available P concentration was measured using
a flame photometer (Corning 410 BWB, Sherwood Scientific Ltd., Cambridge, UK). The
determination of CaCO3 was carried out using Bernard’s calcimeter [32]. Nitrogen concen-
tration was determined using the Kjeldahl method (VELP UDK 130, VELP Scientifica Srl,
Usmate Velate, Italy), according to Allen et al. [32].

2.5. Diversity Indices

Alpha diversity is a function of species richness and the evenness of individual distribution
amongst the species [33]. Seven of the more popular indices of alpha diversity were applied
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according to the method of Magurran [34], as follows: (1) richness = number of species recorded
in each site; (2) Shannon’s diversity index (H′) =−∑ pi ln pi, where pi is the proportional
abundance of the ith species; (3) Simpson’s index of dominance (D) = ∑ pi

2; (4) Hill’s number
1(N1) = exponential Shannon’s index = eH′ ; (5) Hill’s number 2 (N2) = reciprocal of Simpson’s
index = 1/D; (6) Shannon’s evenness index (E1) = H′/Hmax = H′/ln S, where S is the number of
species; (7) Modified Hill’s ratio (E5) = [(1/D)− 1]/[eH′ − 1] = [N2− 1]/[N1− 1].

2.6. Data Analysis

Both two-way indicator species analysis (TWINSPAN) and detrended correspondence
analysis (DECORANA) were carried out for estimations of the 222 species recorded in the
sampled 59 stands, in order to identify the plant communities in the study area [35–38].
Significant differences in the soil characteristics and community (diversity indices) among
the locations and identified vegetation groups were evaluated using a one-way analysis
of variance (ANOVA) [39]. To analyze the relation between environmental variables and
ecological groups from direct gradient changes, canonical correspondence analysis or CCA
ordination was applied [40]. The CCA ordination approach examines the relation between
species and environmental factors as a linear compound [35].

3. Results
3.1. Floristic Analyses

The recorded taxa in the study area, as well as their national geographical distribution,
life forms, habitats, chorological types, and vegetation groups are listed in Table S1 (see in
Supplementary Materials). The total number of recorded taxa was 221, belonging to 150 genera
and 44 families. About 46.6% of the recorded taxa (104 species) were perennials, while 53.4%
(118 species) were annual plants. In total, 173 species (71 perennials and 102 therophytes) were
native flora, of which 82 species were recorded as weeds (22 perennials and 60 therophytes),
and 49 species (22.1%) were assessed as alien (29 casual, 18 naturalized and 2 invasive alien
species: Bassia indica and Prosopis juliflora). The five most species rich families contributed
53.6% (119 species) of the total number of species (Figure 2).
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Figure 2. The most species rich families in the present study. Values above the bars are the number of
species in each family.

In particular, 10 species were common, and recorded in ≥50% of the sampled stands:
Reichardia tingitana (79.7%), Emex spinosa (76.3%), Malva parviflora (74.6%), Glebionis coronaria
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(71.2%), Chenopodium murale (66.1%), Hordeum leporinum (62.7%), Urospermum picroides (57.6%),
Senecio desfontainei (55.9%), Cynodon dactylon (52.2%) and Mesembryanthemum nodiflorum (50.8%).
The rocky ridge slope habitat contained the highest number of species (174 species = 78.4% of the
total recorded taxa, 40.2% natural species), followed by the rocky ridge top habitat (129 species
= 58.1%, 45.0% native species) and flat plains (87 species = 39.2%, 26.4% native species), while
swamps contained the lowest number of species (10 species = 4.5%, 40% native species)
(Figure 3a). Regarding locations, Tabieh Um Kebeba had the highest number of species
(112 species = 50.5% of the total recorded taxa, 44.6% native species), followed by Tabieh
Kousa Basha (83 species = 37.4%, 45.8% native species) and El-Nadora (81 species = 36.5%,
27.2% native species), while Anfoshy (Atta Fortress) had the lowest number of species
(21 species = 9.5%, 52.4% native species) (Figure 3b).
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Regarding the life form spectra of the recorded flora, therophytes made the highest
contribution (53.4% of the total species), followed by phanerophytes (16.7%), hemicryp-
tophytes and chamaephytes (12.6% each), and geophytes (4.1%) (Figure 4). In the local
geographical distribution, 65.8% of the recorded taxa were on the Mediterranean coast,
followed by the Nile region (55.0%), Egyptian deserts (52.3%), Sinai (46.8%), and Oasis
(36.5%) (Table S2).
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Figure 4. Life form spectrum of the recorded taxa in the study area. TH: therophytes; CH: chamae-
phytes; HE: hemicryptophytes; PH: phanerophytes; GH: geophytes-helophytes; PA: parasites.
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Regarding the global phytogeographical distribution, the mono-regional elements were
the most prevalent, at 95 species (42.8%), followed by bi-regionals, 71 species (32.0%), pluri-
regionals, 39 species (17.6%), and cosmopolitan, 15 species (6.7%), (Figure 5a). Only two en-
demic species were recorded in the studied urban habitat, namely, Anthemis microsperma and
Sonchus macrocarpus. On the other hand, 124 species belonged to Mediterranean areas, and
of these 39 species were mono-regionals: 78 species were Irano-Turanian, of which only one
was mono-regional; 60 species were Saharo-Arabian, of which 14 were mono-regionals, and
33 species were of European origin (Figure 5b).
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Figure 5. The global phytogeographical distribution of the species. (a) Chorological types of the
recorded taxa in the study area. (b) ME: Mediterranean; IT: Irano-Turanian; SA: Saharo-Arabian;
EU: European; PAN: Pantropic; SZ: Sudano-Zambezian; TR: tropical; PAL: paleotropical.

3.2. Plant Communities and Diversity Indices

The application of TWINSPAN to the cover estimates of 222 species recorded in 56 stands
led to the recognition of 20 groups at the sixth level of classification, and 4 vegetation groups
(communities) at the third level (Figure 6a). The application of DECORANA on the same
set of data indicates reasonable segregation among these groups along the ordination axes
1 and 2 (Figure 6b). The vegetation groups are named after the species with the highest
presence percentage (first dominant species), as follows (Table 2): I—Chenopodium murale
community from the flat plain habitat in El-Nadora with 83 species. The most dominant
species are Chenopodium murale, Cynodon dactylon, Emex spinosa, Glebionis coronaria, Hordeum
leporinum, Malva parviflora and Melilotus indicus; II—Glebionis coronaria community from the
rocky ridge slopes in different locations with 79 species. The most dominant species are
Glebionis coronaria, Chenopodium murale, Hordeum leporinum, Malva parviflora, Emex spinosa,
Reichardia tingitana, Senecio desfontainei and Urtica urens; III—Reichardia tingitana community
from different habitats in Tabieh Kousa Basha with 88 species. The most dominant species are
Reichardia tingitana, Mesembryanthemum crystallinum, Senecio desfontainei, Malva parviflora, Emex
spinosa, Mesembryanthemum nodiflorum and Centaurea glomerata; IV—Emex spinosa community
from different habitats of Tabieh Um Kebeba with 92 species. The most dominant species are
Emex spinosa, Glebionis coronaria, Reichardia tingitana, Malva parviflora, Urospermum picroides,
Hordeum leporinum, Centaurea glomerata and Schismus barbatus (Table S1).
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Figure 6. Dendrogram of the 4 vegetation groups derived after application of TWINSPAN classification
technique (a). Cluster segregation of the 4 vegetation groups along axes 1 and 2 using DECORANA (b).
The 4 groups are named after characteristic species, as follows: I, Chenopodium murale community;
II, Glebionis coronaria community; III, Reichardia tingitana community and IV, Emex spinosa community.
The numbers besides the black dots represent the IDs of the sampled plots.
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Table 2. Characteristics of the 4 vegetation groups derived after application of TWINSPAN. The
vegetation groups are named as follows: I, Chenopodium murale community; II, Glebionis coronaria
community; III, Reichardia tingitana community and IV, Emex spinosa community.

Vegetation Group VG1 VG2 VG3 VG4

First dominant Chenopodium murale Glebionis coronaria Reichardia tingitana Emex spinosa
Presence (%) 83 96 100 92
Second dominant Emex spinosa Malva parviflora Mesembryanthemum crystallinum Glebionis coronaria
Presence (%) 83 79 88 92

Habitats

Rocky ridge top 16.7 12.5 25.0 30.8
Rocky ridge slope 33.3 62.5 43.8 46.2
Gorge 12.5 6.3 15.4
Flat plain 50.0 8.3 7.7
Rocky plateau 18.8
Swamp 4.2
Coastal dune 6.3

Sites

Tabieh Um Kebeba 12.5 25.0 100.0
Koum ElShoakafa 33.3 4.2
ElSwary 25.0
El-Nadora 50.0 12.5
Anfoshy 18.8
Koum El-Dekah 33.3
Tabieh El-Nahassen 16.7 12.5
Tabieh Kousa Basha 56.3

Seven of the more popular indices of alpha diversity were applied to the studied sites.
The effect of habitat type and archeological site on species diversity (richness, dominance,
diversity and evenness) was considered and evaluated. The species diversity of different
classified vegetation groups was also estimated (Table 3). Variations in the results of species
diversity presented in Table 3 indicate the highly significant effects of habitat type on
species diversity. This observation is borne out by indices that incorporate information on
the proportional abundances of species, such as Shannon’s and Simpson’s (F = 4.89 and 6.04,
respectively, p ≤ 0.001). Richness (mean number of species per stand), equally common
species (N1) and most frequent species (N2) are also significantly affected by habitat types
(F = 3.59, 3.37 and 3.22, respectively, p ≤ 0.01). A significant effect of archeological sites
and relictual landscapes on species diversity was also noticed. This is reflected by the
richness, Shannon’s and Simpson’s indices (F = 2.23, 2.60 and 2.58, respectively, p ≤ 0.05).
The results also reveal slight, insignificant differences between different vegetation groups
in the study area. The applied indices indicate that the flat plain habitat is substantially
more diverse than any of the other habitats in the present study, followed by the habitat of
rocky ridge slope (H′ = 3.14 ± 0.29 and 3.05 ± 0.28, respectively), with the highest mean
of species richness per stand (28 ± 7 and 26 ± 7, respectively), where the dominance is
consequently lower (D = 0.05 ± 0.02 and 0.06 ± 0.02, respectively). It is also notable that
the numbers of most frequent species (N2 = 20.66 ± 5.76 and 19.42 ± 5.45, respectively)
and of equally common species (N1 = 24.00 ± 6.54 and 21.99 ± 6.25, respectively) are larger
in both habitats (Table 3).
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Table 3. Components of plant diversity in different habitats, sites, and the 4 vegetation groups
identified in the present study. The vegetation groups are named as follows: I, Chenopodium murale;
II, Glebionis coronaria; III, Reichardia tingitana and IV, Emex spinosa. *: p≤ 0.05, **: p≤ 0.01, ***: p≤ 0.001.

Habitat Richness Simpson’s D Shannon’s H′ Hill’s N1 Hill’s N2 Evenness E1 Evenness E5

Rocky ridge top 23.67 ± 6.08 0.06 ± 0.03 2.97 ± 0.36 20.49 ± 5.65 18.07 ± 5.16 0.95 ± 0.02 0.87 ± 0.03
Rocky ridge slope 25.60 ± 7.29 0.06 ± 0.02 3.05 ± 0.28 21.99 ± 6.25 19.42 ± 5.45 0.95 ± 0.01 0.88 ± 0.03
Gorge 18.83 ± 2.40 0.07 ± 0.01 2.77 ± 0.15 16.16 ± 2.38 14.38 ± 2.52 0.95 ± 0.02 0.88 ± 0.04
Flat plain 28.00 ± 7.13 0.05 ± 0.02 3.14 ± 0.29 24.00 ± 6.54 20.66 ± 5.76 0.95 ± 0.01 0.85 ± 0.02
Rocky plateau 12.33 ± 6.66 0.12 ± 0.04 2.31 ± 0.47 10.83 ± 5.51 9.78 ± 4.70 0.95 ± 0.02 0.90 ± 0.03
Swamp 10.00 0.15 2.12 8.29 6.74 0.92 0.79
Coastal dune 19.00 0.07 2.82 16.82 15.13 0.96 0.89
F-value 3.59 ** 6.04 *** 4.89 *** 3.37 ** 3.22 ** 0.76 2.13

Site

Tabieh Um Kebeba 21.80 ± 6.56 0.07 ± 0.03 2.88 ± 0.35 18.82 ± 5.89 16.77 ± 5.37 0.95 ± 0.02 0.88 ± 0.03
Koum ElShoakafa 26.33 ± 7.37 0.06 ± 0.02 3.06 ± 0.33 22.10 ± 6.57 18.91 ± 5.91 0.94 ± 0.01 0.84 ± 0.02
ElSwary 28.50 ± 11.00 0.05 ± 0.02 3.16 ± 0.34 24.83 ± 9.06 22.18 ± 7.44 0.96 ± 0.01 0.89 ± 0.04
El-Nadora 28.33 ± 4.23 0.05 ± 0.01 3.17 ± 0.16 23.97 ± 3.78 20.73 ± 3.27 0.95 ± 0.01 0.86 ± 0.02
Anfoshy 12.33 ± 6.66 0.12 ± 0.04 2.31 ± 0.47 10.83 ± 5.51 9.78 ± 4.70 0.95 ± 0.02 0.90 ± 0.03
Koum El-Dekah 23.63 ± 4.66 0.06 ± 0.01 2.98 ± 0.19 20.10 ± 4.14 17.58 ± 3.91 0.95 ± 0.01 0.87 ± 0.03
Tabieh El-Nahassen 26.00 ± 11.69 0.07 ± 0.05 3.00 ± 0.61 22.61 ± 10.47 19.51 ± 9.21 0.95 ± 0.02 0.84 ± 0.04
Tabieh Kousa Basha 23.67 ± 5.43 0.06 ± 0.02 3.00 ± 0.24 20.53 ± 4.98 18.15 ± 4.58 0.95 ± 0.01 0.88 ± 0.03
F-value 2.23 * 2.58 * 2.60 * 2.06 1.90 0.48 1.82

Vegetation group

I 27.83 ± 7.11 0.05 ± 0.02 3.13 ± 0.28 23.59 ± 6.41 20.33 ± 5.51 0.95 ± 0.01 0.85 ± 0.02
II 25.04 ± 7.75 0.06 ± 0.02 3.02 ± 0.32 21.49 ± 6.67 18.84 ± 5.83 0.95 ± 0.01 0.87 ± 0.04
III 20.75 ± 6.74 0.07 ± 0.03 2.84 ± 0.38 18.07 ± 5.90 16.11 ± 5.25 0.95 ± 0.01 0.89 ± 0.03
IV 23.00 ± 7.47 0.07 ± 0.04 2.92 ± 0.41 19.81 ± 6.78 17.61 ± 6.19 0.95 ± 0.02 0.88 ± 0.03
Total 23.71 ± 7.52 0.06 ± 0.03 2.96 ± 0.36 20.41 ± 6.54 17.98 ± 5.75 0.95 ± 0.02 0.87 ± 0.03
F-value 1.79 0.91 1.40 1.44 1.10 0.50 1.53

Inspection of the data also shows considerably high species diversity at two sites: ElSwary
(Pompey’s Pillar) and El-Nadora (H′ = 3.16± 0.34 and 3.17 ± 0.16, respectively). The richness
is also greater at both these sites than at the other sites, with 29 ± 11 species at the Pompey’s
Pillar site and 28± 4 species at El-Nadora. The lower dominance of the two sites is reflected
by a Simpson index of D = 0.05 ± 0.02 for the Pompey’s Pillar site and 0.05 ± 0.01 for El-
Nadora. The Atta Fortress (Anfoshy) is the least diverse, as confirmed by the applied diversity
indices (Shannon’s index 2.31 ± 0.47 and richness 12± 7), which coincides with the highest
dominance, as estimated by Simpson’s index (0.12± 0.04). Despite the insignificant differences
between vegetation groups in the study area, the highest number of species (28 ± 7) was
recorded in vegetation group I, dominated by Chenopodium murale, while the lowest number
of species (21 ± 7) was recorded in vegetation group III, dominated by Reichardia tingitana.
This coincides with the highest species diversity (H′ = 3.13 ± 0.28) in the Chenopodium murale
group, and the lowest species diversity (H′ = 2.84 ± 0.38) in the Reichardia tingitana group.

The correlation between different soil factors and the most important diversity indices
was estimated using the simple linear correlation coefficient (Table 4). Significant correlations
were recorded between diversity (expressed by Shannon’s and richness indices) and Mn and
P. The correlation is positive with P (r = 0.281 and 0.290, p ≤ 0.05, for Shannon’s index and
richness, respectively), and negative with Mn (r = −0.360, p ≤ 0.01 and r = −0.327, p ≤ 0.05
for Shannon’s index and richness, respectively). That is, as the P content in soil increases,
species diversity increases. In contrast, greater levels of Mn in soil negatively affect species
diversity. The results also reveal that there is a significant negative correlation of Mn with
equally common species r = −0.319, p ≤ 0.05 and most frequent species r = −0.308, p ≤ 0.05.
Consequently, dominance is positively correlated with Mn (r = 0.345, p ≤ 0.01) and negatively
correlated with P (r = −0.263, p ≤ 0.05). It is also notable that dominance decreases with
increasing altitude (r = −0.291, p ≤ 0.05). In general, the results of soils analysis in the studied
sites cannot adequately explain the diversity of plant species.
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Table 4. Simple linear correlation coefficient between diversity indices and soil variables.

Soil Variable Richness Simpson’s D Shannon’s H′ Hill’s N1 Hill’s N2 Evenness E1 Evenness E5

pH 0.089 −0.070 0.079 0.078 0.058 0.008 −0.146
EC 0.127 −0.105 0.128 0.145 0.161 0.165 0.119

Ca2+ 0.161 −0.132 0.159 0.174 0.184 0.140 0.062
Mg2+ 0.095 −0.082 0.098 0.112 0.130 0.145 0.126
Na+ 0.096 −0.096 0.107 0.120 0.143 0.194 0.181
K+ −0.026 −0.052 0.015 −0.028 −0.025 −0.006 −0.027

HCO3
− 0.079 −0.123 0.104 0.078 0.081 0.041 0.003

Cl− 0.104 −0.073 0.099 0.122 0.138 0.155 0.121
SO4

2− 0.159 −0.160 0.174 0.177 0.193 0.169 0.107
SAR −0.078 0.001 −0.036 −0.044 −0.007 0.237 0.331 *
TDS 0.127 −0.105 0.128 0.145 0.161 0.165 0.119

N −0.030 −0.039 0.001 −0.046 −0.058 −0.124 −0.126
P 0.290 * −0.263 * 0.281 * 0.274 * 0.242 0.099 −0.224
Fe −0.170 0.159 −0.180 −0.184 −0.190 −0.238 −0.090
Zn −0.170 0.092 −0.133 −0.156 −0.142 −0.013 0.074
Mn −0.327 * 0.345 ** −0.360 ** −0.319 * −0.308 * 0.052 0.188
Cu −0.112 0.000 −0.064 −0.101 −0.092 0.140 0.141
OM 0.104 −0.019 0.065 0.081 0.046 −0.149 −0.278 *

CaCO3 −0.044 −0.003 −0.018 −0.041 −0.052 −0.013 −0.114
Gravel 0.225 −0.230 0.249 0.245 0.238 0.184 −0.070
Sand −0.069 0.083 −0.079 −0.055 −0.029 0.024 0.185
Silt −0.020 0.001 −0.014 −0.033 −0.052 −0.070 −0.138

Clay 0.110 −0.120 0.120 0.097 0.071 0.006 −0.186
SP 0.057 −0.122 0.094 0.060 0.053 0.057 −0.035
Alt 0.126 −0.291 * 0.221 0.112 0.111 0.021 −0.014

*: p ≤ 0.05, **: p ≤ 0.01.

3.3. Edaphic Factors and Vegetation Communities

The soil–sites relationship, derived from the application of canonical correspondence
analysis (CCA) (Figure 7), reveals that the gravel and clay percentages, and the K+, Mn,
N, Fe, and Zn concentrations, were the most influential variables. Most of the soil charac-
teristics are significantly different between the studied locations (Table 5). Gravel, sand,
silt, clay percentage, saturation percentage, and OM, N, P, Fe, Mn and Cu concentrations
showed high significance at p ≤ 0.001. pH, K+, HCO3

−, and Zn concentration showed
significant correlations at p ≤ 0.05 and p ≤ 0.01. On the other hand, EC, SAR, TDS, CaCO3,
Ca2+, Mg2+, Na+, Cl−, and SO4

2− concentrations indicated no significance.
Moreover, the correlation between the identified vegetation groups and the environ-

mental factors (soil characteristics) is illustrated by the ordination diagram produced by
canonical correspondence analysis (CCA) (Figure 7). It is clear that the Reichardia tingitana
group (III) represents different habitats in Tabieh Kousa Basha with high contents of Mn,
while the Emex spinosa group (VI) represents Tabieh Um Kebeba with high contents of
Fe, Zn, K+ and N. The Chenopodium murale group (I) represents the flat plain habitat in
El-Nadora with medium to high concentration of cations, anions, and loam soil texture.

The soil analysis indicates that the sand, clay, OM, N, P, and Fe showed highly signifi-
cance variations in relation to sites and vegetation groups (p < 0.001), while gravel, SP, K+,
Zn, Mn, and Cu showed highly significant variations in relation to sites only (p < 0.001)
(Table 5). Only Mn had high significance in relation to habitats (p < 0.001). This reveals that
gravel, sand and clay percentage, and K+, Mn, N, Fe, and Zn concentrations were the most
influential variables. pH, HCO3

−, and Zn concentrations showed a significant correlation
at p ≤ 0.05 and p ≤ 0.01. On the other hand, EC, SAR, TDS, CaCO3, Ca2+, Mg2+, Na+, Cl−,
and SO4

2− concentrations indicated no significance.
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Figure 7. Canonical correspondence analysis (CCA) bi-plot ordination of the sampled stands with
soil variables. The numbers besides the white circles represent the IDs of the sampled plots. The
4 groups are named after characteristic species, as follows: I, Chenopodium murale community;
II, Glebionis coronaria community; III, Reichardia tingitana community and IV, Emex spinosa community.

Table 5. The significant differences (F-value) in soil characteristics among the locations, habitats and
identified vegetation groups, evaluated using one-way analysis of variance (ANOVA-1). *: p ≤ 0.05,
**: p ≤ 0.01, ***: p ≤ 0.001.

Soil Variable
F-Value

Location Habitat VG

Physical properties

pH 2.19 * 1.34 0.78
EC dS/m 0.96 0.22 0.47

Gravel

%

7.75 *** 1.97 0.81
Sand 12.73 *** 0.28 5.03 **
Silt 6.15 *** 0.12 2.35
Clay 11.77 *** 0.56 5.95 ***
SP 6.87 *** 0.50 3.10*
SAR 0.92 1.46 2.09
OM 13.63 *** 0.68 5.37 ***
CaCO3 1.09 0.45 1.04

Available nutrients
TDS

ppm
0.96 0.22 0.85

N 6.38 *** 0.92 7.37 ***
P 16.34 *** 2.26 13.28 ***

Cations

Ca2+

meq/L

1.03 0.15 1.11
Mg2+ 1.58 0.39 1.67
Na+ 0.83 0.31 0.86
K+ 2.90 ** 0.90 3.25 *

Anions
HCO3

− 2.30 * 0.35 2.09
Cl− 1.20 0.51 0.82
SO4

2− 0.81 0.01 0.87

Heavy metals

Fe

ppm

5.35 *** 1.72 4.65 **
Zn 3.98 ** 1.94 1.30
Mn 9.24 *** 13.82 *** 2.34
Cu 4.82 *** 2.07 0.60
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4. Discussion
4.1. Floristic Composition

Many cities across the world contain cultural heritage sites, which have been mostly
preserved from urban development for their historic, artistic or religious value, and have
thus become valuable elements of the urban green space [41]. As the expansion and spread
of urban areas and cities continues, these sites are becoming more valuable for their rich
biodiversity and ecological significance. Of particular importance are bigger cultural sites,
which, due to their size, heterogeneity and endurance of human-induced disturbance, can
provide important habitats for a wide variety of species, and often support a high species
diversity that in some cases surpasses that of natural habitats [42]. The inaccessibility of
portions of these sites (e.g., the tops and walls of high monuments) offers refuge for relict
populations of rare species with high conservation importance, which have disappeared in
the wild and in adjoining rural habitats [43,44]. Thus, these sites can play an important role
in nature conservation, particularly in human-modified urban environments [2]. Smaller
archeological sites can similarly be considered an important element in urban green spaces,
and boost biodiversity through forming a network of green within the urban space, which
can also improve habitat continuity and connectivity [45]. The use of native vegetation can
also be effective in protecting and maintaining archeological and historical sites. Despite
their significance, archeological sites are often susceptible to many human-induced and nat-
ural disturbances and stresses, including soil erosion, which acts on both the above-ground
features and below-ground structures [14]. Sometimes, these environmental features can
have negative consequences for the monuments; certain species can cause direct and indi-
rect damage to materials and elements of construction. Managing such growth requires
consideration of various factors and an assessment of risk that balances actual and potential
damage against ecological and aesthetic benefits [1,2,7]. The effects of climate change need
also to be considered in the longer term, particularly in relation to environmental conditions
(such as increased relative humidity), plant growth patterns, soil moisture content, and the
performance of existing rainwater disposal systems [46].

The significance of the roles these sites can play in urban habitats has inspired the
current study, carried out to assess the role archeological sites in metropolitan Alexandria
City might be playing as refuge areas for wild species, offering protection from the pres-
sures of urbanization. The flora recorded in the present study (221 species) represent some
10.3% of the whole range of Egyptian flora, with 19.8% of the genera and 34.1% of the
families represented in Egypt [31]. Despite the small area of the studied sites collectively
(0.27% of Egypt), the study revealed the high species richness harbored by the sites relative
to other areas considered of significance for conservation of plant diversity. However, this
area is in the northwestern coastal region of Egypt, which belongs to the Mediterranean
phytogeographic region, considered the richest area in the nation for its floristic composi-
tion, a result of its relatively high precipitation. This region harbors ca. 45% of the total
flora, 57% of the genera, and 75.2% of the total families in Egypt [21–24]. Several factors
influence plant diversity in the Mediterranean region, including topographic variability,
seed banks, secondary succession, and temporal variations in climate. In total, 140 species
(63.1% of the total recorded species) were present in the urban habitats (train railways and
tram tracks) in the same area [47].

The order of contribution of the five main families in the study area (Asteraceae,
Poaceae, Fabaceae, Brassicaceae, Chenopodiaceae) is different from that recorded for the
entire range of Egyptian flora (Poaceae, Fabaceae, Asteraceae, Brassicaceae, Caryophyl-
laceae), according to Boulos [31], and from that reported in the same urban habitats (train
and tram railways) (Poaceae, Asteraceae, Brassicaceae, Chenopodiaceae, Fabaceae) by
Heneidy et al. [47]. Regarding the life form spectra of the recorded flora, therophytes made
the highest contribution, followed by phanerophytes, hemicryptophytes, chamaephytes,
and geophytes. This trend is the same in all urban habitats in the area [47]. The dominance
of annuals can be attributed to factors such as the warm and dry climate, the topographic
variability, and biotic interactions [48]. The short life cycles of annual weeds, in addition to
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the harsh climate and insufficient moisture, favor the presence of annuals during favorable
seasons. On the other hand, the presence of the rarest species had previously been reported
by Täckholm [30]. The investigated archeological sites have rich and diverse vascular wild
flora overall, despite their relatively small area, compared to other natural habitats and
areas used as parks and gardens in urban habitats.

The occurrence of phanerophytes may be due to the cultivation of ornamental species
in the gardens and hedges within archeological sites. Phanerophtyes play an essential role
in the balance of the aridity and semi-aridity of a region. This role becomes more important
as the dry season increases [49,50]. The present study has revealed that the study’s regions
were rich in vegetation; the woody species were the most abundant life form, and they are
considered the backbone of the arid ecosystem [51]. Heneidy and Bidak [52] reported that
refuge can help plants avoid harsh conditions, particularly for weaker species (herbaceous
species), enabling them to live longer and prolong their sexual productivity. Phanerophytes
may provide good protection and suitable habitats for herbaceous species. At the same
time, the abundance of phanerophytes may explain the high diversity in some locations.

Human beings have deliberately and accidentally impacted their surroundings; how-
ever, recognizing the lasting ecological impacts of previous communities is challeng-
ing [3,53]. The present study found evidence of an ecological legacy that persists today
within the semi-arid climate ecosystem of Alexandria City. The high richness in plant
species is strongly associated with archeological complexity and ecological diversity at
historical sites in a region in western Alexandria. As regards the local geographical distribu-
tion, at least 65.8% of the recorded taxa were present on the Mediterranean coast, followed
by the Nile region (55.0%), Egyptian deserts (52.3%), Sinai (46.8%), and Oasis (36.5%).
Our results reveal the vibrant ecological legacy of historical human conduct; it seems that
propagules of 49 alien species were transported and cultivated, intentionally or not, thus
establishing populations that persist today. Our approach has important implications for
resource management planning, especially in areas that will experience greater visitation
and its associated impacts.

The investigated archeological sites provide suitable habitats for 221 plant species,
91 of which are native plant species, and 82 are weeds. There is no doubt that some
weed species are native to Egypt and arise as elements of natural vegetation. In contrary,
only two invasive species (Bassia indica and Prosopis juliflora) were recorded at the study
sites. The continuous modification of the study areas has been manifested in the rapid
establishment of residential buildings and green spaces in their surroundings. This, in
turn, have led to the replacement of the specialist native species by the weed (generalist)
species. Anthropogenic environments have different thermal ranges and moisture regimes
from the surrounding natural regions; therefore, the selection of specific species with
particular dispersal, physiological and morphological characteristics intends to fill in the
existing niches [54]. Archeological sites are often characterized by modified landscaping,
constructed terraces and heterogeneous topographies, which would provide good refuge
for species. This coheres with our result, where the highest number of species was found
on rocky ridge slopes and sites with heterogeneous topography. Local resource abundance
is important for determining where in a given landscape humans decide to live. The
availability of water, soil, and plants offers the conditions and resources for both grazing
and farming [55,56]. In addition, human beings alter their environment to boost the
abundance and enhance the diversity of local varieties [57,58]. Therefore, the current
diversity in ecological settings might indicate previous land use changes, which can be
uncovered by combined ecological and archeological research. The phytosociological
analysis of the sites has shown differences among the vegetation types found on the
archeological sites as a function of the varying degrees of enthronization (ElSwary, 28.5%
and El-Nadora, 28.3% of the recorded taxa). Less plant colonization was detected in Atta
Fortress (Anfoshy), an open-landscape site the structures of which may be damaged by
plants. Swamp habitats also revealed lower biodiversity richness; this may be attributed to
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the wet land and hydrophytic vegetation. The most common situation would be a mixture
of species and communities with relatively minor differences within a microsite [59].

4.2. Plant Communities and Diversity Indices

Although the major causal factors of plant biodiversity are mostly related to climate
and topography, it is important to consider what is going on at the microhabitat level [60].
The present study has shown the highly significant (p ≤ 0.001) effects of habitat type on
species diversity. This observation is borne out by indices that incorporate information on
the proportional abundances of species, such as Shannon’s and Simpson’s indices. The
mean number of species per stand is also significantly (p ≤ 0.01) correlated with habitat
type. A significant (p ≤ 0.05) effect of archeological sites and relictual landscapes on species
diversity is also noticed, which is reflected in the richness, Shannon’s and Simpson’s
indices. The slight differences between different vegetation groups classified in the study
area were insignificant.

In the analysis of species diversity and diversity patterns, one cannot look for a
single explanation with only one causal factor [61]. There are a multitude of ways in
which the mechanisms can interact, and have interacted throughout evolution, to give
the assemblages we are seeing today. In the present study, soil factors were considered.
The relationships between species richness and nutrient availability have been revealed
in many studies (e.g., Martin and Thomas [60] and Huston [62]). The present study
shows the significant positive correlation (p ≤ 0.05) between P and both the richness and
Shannon’s indices. Consequently, a significant negative correlation between Simpson’s
index and dominance is detected at p ≤ 0.05. This coincides with the results of Martin and
Thomas [60], in which herb structural richness was positively correlated with soil fertility
index and P concentration. Their study also indicated an inverse correlation between
soil P concentration and tree species richness. This means that P concentration in the
soil is positively related to herb structural diversity, and this also seems to be the case in
our study, wherein herbaceous species constituted the majority (53%) of the vegetation
recorded in the studied archeological sites. It was revealed that high soil P concentration
can enhance the growth of fast-colonizing, competitive species, while suppressing vascular
plants’ richness [63]. The same results were also achieved by Hrivnák et al. [64], who found
that P-rich sites in alder forests were dominated mainly by highly productive clonal species,
and most often by Urtica dioica. On the other hand, the results in the present study show
an opposite trend to Janssens et al. [65], who observed that species diversity expressed by
Shannon’s index was reduced with increasing P concentration in soil. Our results show
a significant positive correlation between the Shannon’s index of species diversity and P
concentration in the soil, at p ≤ 0.05. The present study also reveals significant negative
correlations between species diversity (expressed by richness and Shannon’s index) and
Mn, at p ≤ 0.05 and p ≤ 0.01, respectively (greater Mn content in the soil negatively affects
species diversity). Our findings agree with the results obtained by Martin and Thomas [60],
who suggested that increases in soil Mn and Fe may be linked to reductions in dicot forbs,
which contribute to most of the total richness in grasslands. It is worth mentioning that
Mn does not significantly affect soil fertility compared to other soil elements, such as P,
K+, Ca2+, and N [66]. The results of the present study also reveal that Simpson’ index
dominance significantly decreases with increasing altitude, at p ≤ 0.05.

4.3. Relationship between Edaphic Factors and Vegetation Communities

Soil has played an essential role in plant existence and distribution. Soil characteristics
often play an essential role in determining plant community distributions [67]. To assess the
relevance of soil to species distribution, physical, chemical, and mineralogical analyses have
been employed to determine soil criteria. Vegetation differences are strongly associated with
differences in the bedrock [67,68]. These vegetation differences can often make the geologic
discontinuities of an area clear, even to the casual observer. The remarkable differences
often observed in plant cover for different soil types in adjacent areas have naturally led
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to attempts to explain these phenomena in terms of the physical or chemical properties of
the soil, or the physiological characteristics of the plants [69]. The soil analysis manifested
a wide range in most of the values recorded between the study sites; for example, Mg2+

in El-Nadora was about 10 times higher than in Tabieh Kousa Basha, while pH, Cu, P,
Fe, CaCO3, and SP revealed a narrow range of variation. As such, only 4.5% of species
were common and were recorded in 50% of the sampled stands. Each study site hosted a
unique array of species, due to the unique characteristics of soil nutrient composition at
each. The diversity of soil properties resulted in the diversity of soil use and soil ecological
functions [70,71]. Differences between species’ ability to solubilize mineral nutrients could
affect the ability or inability of plants to grow in particular soils. In calcareous soils, species
suffer lime-chlorosis as a result of Fe deficiency, and their growth is affected by their ability
to solubilize the native phosphate [72]. In general, EC values, soil Na+ concentration and
secondarily the Mn concentration are the main factors affecting the number of species.

Soil fertility is difficult to quantify, because it is dependent not only on the status of
N and P, but also on their availability [73]. El-Nadora recorded a high number of species
due to the high nutrient content of its soil, as it recorded the highest mean value of EC,
silt, clay, Ca2+, Na+, Cl−, SO4

2−, TDS, SP, P, OM, N, Mg2+, and Fe. Tabieh Um Kebeba and
Tabieh Kousa Basha recorded the lowest mean values of EC, Mg2+, Ca2+ and TDS, and
the highest mean value of CaCO3, but the former recorded plenty of species, as it had the
highest values of Fe, Zn, Cu, Silt, SAR, OM, SP, and N. On the other hand, Atta Fortress
(Anfoshy) recorded the lowest number of species because it had the highest Mn, SAR, EC,
Na+, Cl−, and TDS levels, and the lowest CaCO3, HCO3

−, SP, P and Fe levels. Among the
different study sites, patches of edaphic uniqueness are common, and these act as refuges
for native species in highly colonized ecosystems [74], as the native species can use them to
escape competition and disturbance [75]. However, the scarcity of studies on the role of
soil in determining the prevalence of rare and endemic plants obstructs the efforts of public
and private organizations to preserve such specialized microhabitats.

Population sizes are often not reported as they are rarely considered significant, but
many regions show a unique assemblage of species, a higher level of species richness, or a
high level of other associated species, which could help to protect the ecosystem in ques-
tion [73]. Vegetation analysis studies assessing the relationships between physiognomic
variation and environment have indicated that edaphic factors are more important than cli-
matic factors in differentiating formations [76]. Thus, edaphic discontinuities determine size
and population distribution, and should be considered when proposing conservation areas.

5. Conclusions and Recommendations

The plant cover—both natural and cultivated—of the archeological site contributes to
its characterization and provides points of interest for visitors far beyond just ornamental
value, landscaping, or the possibility of having shade; it represents an important natural
heritage that enriches the value of the archeological site, and in some cases offers insight
into human actions. Our results show differences among the vegetation types found in
archeological sites as a function of the varying degrees of anthropization of the recorded
taxa. Lower plant colonization, which may cause damage to floristic structures, was
detected in less controlled, more open landscape sites. The problem of invasive alien
species should not be underestimated; it is likely to become a serious threat to archeological
sites as a whole and, therefore, the control of invasive species must be continuous and
prolonged. In fact, vascular plants can inflict severe damage on buildings and structures—
especially trees, largely due to their roots, which induce both chemical and mechanical
forms of deterioration that could cause damage, so we recommend to reduce the cultivation
of ornamental or shelter trees inside the archaeological sites.

The outcomes highlight the role the cultural landscapes could have in conservation
of biodiversity. The study highlights an overlooked topic that crosses multiple disciplines
integrating plant diversity conservation and the cultural heritage preservation. It empha-
sizes that conservation of biodiversity should be combined into cultural heritage protection
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initiatives, to protect the most biodiverse cultural sites in Alexandria City and in other
significant historic cities worldwide. The study highlights the urgent need for measures to
sustain and maintain cultural landscapes while considering the conservation of biodiver-
sity within the archeological sites. It is hoped that the outcomes of the current study can
provide guidance on the potential integration of biodiversity conservation in planning the
management of archeological sites.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/su14042416/s1. Table S1. Recorded plant species in the present
study; Table S2. Mean± standard deviation of the soil variables in relation to habitats and 4 vegetation
groups, derived after application of TWINSPAN; Figure S1. Human impact and land use; Figure S2.
Habitat types of the selected sites; Figure S3. Landscape of some selected sites.
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