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Assessing species composition, phenology, and diversity of 
urban flora in a gradient of continentality from southern Spain
Evaluación de la composición de especies, fenología y diversidad de la flora 
urbana en un gradiente de continentalidad en el sur de España

Javier López-Tirado 1*, Irene Herrera Martín 2, Pablo J. Hidalgo 3

ABSTRACT
Urban flora constitutes a source of diversity by itself; also, being the base for other living beings like 
invertebrates, birds, or micro-mammals among others. Continentality plays an important role in plant 
species distribution and composition. In this work, urban flora was studied in a continentality gradient; 
four towns were surveyed in southern Spain, Andalusia region: Huelva, Seville, Cordoba, and Linares 
(Jaen). Two patches per town were sampled retrieving information about different parameters like 
diversity, phenology, or allochthony. Our main results stated the high amount of nitrophilous species, 
mainly therophytes, in urban areas. Towns closer to the coast, Huelva and Seville, showed a more ad-
vanced phenology and a higher number of allochthonous species than continental towns (Cordoba and 
Linares). Asteraceae, Poaceae, and Fabaceae were the most represented families in this order. Diversity 
indices showed high values for all the towns.
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RESUMEN
La flora urbana constituye una fuente de diversidad en sí misma, siendo la base para otros seres vivos 
como invertebrados, aves o micromamíferos. La continentalidad tiene un papel importante en la com-
posición y distribución de especies vegetales. En el presente trabajo, la flora urbana ha sido estudiada a 
lo largo de un gradiente de continentalidad. Cuatro ciudades han sido muestreadas en el sur de España 
(Andalucía): Huelva, Sevilla, Córdoba y Linares (Jaén). Dos áreas por ciudad han sido estudiadas ob-
teniendo información sobre distintos parámetros tales como diversidad, fenología y especies alóctonas. 
Los resultados soportan la alta presencia de especies nitrófilas, principalmente plantas anuales (terófi-
tos). Las ciudades más cercanas a la costa (Huelva y Sevilla) han mostrado una fenología más avanzada 
y un mayor número de especies alóctonas que en las ciudades más interiores (Córdoba y Linares). Las 
familias Asteraceae, Poaceae y Fabaceae han sido las más representadas en este orden. Los índices de 
diversidad han resultado altos para todas las ciudades estudiadas.

Palabras clave: Flora nitrófila, flora ruderal, Valle del Guadalquivir.

Introduction

Human-induced disturbances have historically modified 
species distribution. Our species has concentrated in spe-
cific areas; a trend boosted since the Industrial Revolution 
(Melic 1997). Nowadays, cities and towns are still growing, 
creating a scenario in which humans are dealing with other 
living beings. Urban areas are especially productive, where 
nutrients and other resources are abundant (Gilbert 1989). 
Thus, these areas have become suitable for nitrophilous 
plant communities traditionally addressing studies of rud-
eral flora (Haigh 1980; Rapoport et al. 1983, Vicent and 
Bergeron 1985, Banfi and Galasso 1998, Jakovljević and 
Jovanović 2004, Celesti-Grapow et al. 2006, Pavlović-Mu-
ratspahić et al. 2010, Tafra et al. 2012, Celesti-Grapow et 
al. 2013, García-Lahera 2016, Ousmane et al. 2017). Ac-
cording to Stewart et al. (1998), plant growth rates are 
mainly affected by temperature. Depending on their own 
preferences, plant species can withstand temperatures of a 
higher or lower degree. High resources availability in these 
areas leads to temperature being more significant in plant 
development (Dana et al. 2000). The fluctuation of this 
environmental condition (daily ranges) along the year is 
of interest to study ruderal flora and vegetation in a conti-
nentality gradient (Botta-Dukát et al. 2005, Kleinebecker 
et al. 2007, Caccianiga et al. 2008, Chytrý et al. 2008, Fe-
kete et al. 2014).

Attached to the above, diversity indices are widely used in 
flora and fauna for measuring the environmental quality 

of given territories. Species diversity is generally analyzed 
by: (i) species richness, i.e. the total number of species, 
and (ii) species evenness, which measures how sampled 
specimens are distributed among species (Hurlbert 1971, 
Magurran 2013). These indices present considerable inter-
est when different areas are compared following the same 
methodology (Morris et al. 2014). Therefore, they have 
been considered for biogeographical purposes (Fattorini 
et al. 2016).

Secondly, phenology is the science that relates climatic 
factors with plant and animal life cycle events. Howev-
er, there is a knowledge gap regarding the phenology of 
species in urban environments (Gómez-Rosa 1999). Plant 
development -bud formation, flowering, maturation of the 
fruits, etc.- is influenced by temperature in the main (Font 
Quer 1993, Mendes et al. 2017). Thus, the phenology of the 
same species along a continentality gradient (in a range 
from the coast to inland) is of interest, especially in the 
context of climate change (IPCC 2014). Western Europe’s 
climate is influenced by the marine Gulf Stream, the more 
distance from the coast the more continentality is found 
(Valle 2004). Despite the latitudinal location of Europe, 
its climate is warm due to this stream. Continentality is 
strongly determined by temperature seasonality and low 
precipitation (Bruch et al. 2011). Southern Spain is charac-
terized by a Mediterranean climate where summer season 
is usually dry and precipitation is substantially reduced 
in inland areas. The spread of these species in addition to 
being influenced by the environment, biotic factors also 
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stand out, such as man, which facilitates the previous es-
tablishment (Stohlgren et al. 2005). 

According to the above, the main aim of this work was to 
assess nitrophilous urban flora associated with human 
settlements in a range of continentality. Several concepts 
were considered as follows: (i) phytodiversity (vascular 
plants), (ii) species richness by family, (iii) allochthony, 
(iv) phenological stage, and (v) diversity indices in four 
towns from southern Spain.

Materials and Methods

Study area
The study was carried out in the Andalusia region of south-
ern Spain, where four towns were sampled (Fig. 1). Popu-
lation of the studied towns according to INE (Instituto Na-
cional de Estadística) in 2019 was: (i) Huelva 144,258 inhab-
itants; (ii) Seville 688,711 inhabitants; (iii) Cordoba 325,708 
inhabitants and (iv) Linares 57,811 inhabitants. The latter 
is the only one that is not the province capital belonging 
to the province of Jaen (Table 1). Elevation, retrieved from 
www.aemet.es (last accessed May 2019), does not differ 
much among Huelva, Seville, and Cordoba whilst Linares is 
slightly higher. An increasing trend is found in distance to 
the sea (provided by Google Earth Pro 7.3.2.5776 software, 
last accessed May 2019) and continentality index (provided 
by WorldClim Project 1.4, www.worldclim.org, last accessed 
May 2019). Distance to the sea was obtained considering 
the shorter distance between downtown and either the At-
lantic Ocean or the Mediterranean Sea. The continentali-
ty index was calculated in accordance with the Worldwide 
Bioclimatic Classification System of the Phytosociological 
Research Center (www.globalbioclimatics.org, last accessed 
May 2019), i.e., by subtracting the mean temperatures of the 
warmest (July) and coldest months (January).

Figure 1 can also be noted the Guadalquivir River, the 
longest in Andalusia and the fifth in the Iberian Peninsula 
with a length of 657 km. Consequently, Guadalquivir de-
pression is characterized by a smooth surface, fertile soils 
of marls traditionally used for agriculture, and low eleva-
tion (Wheeler 1996, Villa-Díaz 2013). 

Data collection and treatment
Two patches of ruderal flora were surveyed per town, 
where no additional hydric supply –only rainfall– was 
detected (Dana et al. 2000). Data were collected in April 
2018, from the 8th to 10th. Twenty random spots of 1 m 
diameter were studied within each patch. Therefore, 160 
spots were assessed in total. The information gathered 
from each point was the occurrence of the species and its 
phenological stage: (i) seedling growth [Sg], (ii) inflores-
cence emergence [Ie], (iii) flowering [Fl] and (iv) fructify-
ing [Fr]. If a specimen showed both flowers and fruits, it 
was catalogued as Fr. After that, a comprehensive analysis 
of the patch was carried out to complete the catalog with 
not previously included species that were considered as 
present in 1 out of 20 spots. The frequency of each tax-
on was indirectly recorded as being 100 % if a species was 
found in all the 20 sampled spots. In case of doubts about 
plant identification, a voucher was collected to be right-
ly identified in the laboratory following the methodology 
proposed by Blanca et al. (2009). Additional information 
like allochthony, life forms (abbreviations shown in Table 
2), and species belonging to families were also taken from 
Blanca et al. (2009). Raw data taken in the studied patch-
es were transferred to Microsoft Excel 2016 and Microsoft 
Access 2016 for further analysis and computations.

Diversity indices
Three diversity indices (Shannon 1948, Simpson 1949, 
Margalef 1958) were computed considering the following 
formulae:

Shannon index: 

Simpson index: 

where in both equations, p is the proportion (n/N) of indi-
viduals of one particular species found (n) divided by the 
total number of individuals found (N) and s is the number 
of species.

Margalef index: 

Table 1. Elevation (m), distance to the sea (km) and continentality index 
by town.

Town Elevation Distance to 
the sea

Continentality 
index (CI)

Huelva 24 Z 13.5

Seville 11 66.12 17.6

Cordoba 106 133.85 19.2

Linares 418 149.86 19.5

http://www.aemet.es
http://www.worldclim.org
http://www.globalbioclimatics.org
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where, s is the number of species and N is the total number 
of individuals found.

Results

Overall results
One hundred and twenty-seven species were identified in 
total, belonging to 92 genera and 26 families. Twenty-one 
species (16.5 % of the total) were found in all four towns. 

Three families were best represented which are: Asterace-
ae (22.83 %), Poaceae (18.90 %), and Fabaceae  (11.02 %) 
encompassing more than 50 % of the total number of spe-
cies. Brassicaceae next (7.09 %). The whole list of families 
and their respective percentages can be checked in Table 1. 
Considering the occurrence by plot (160 in total), the 
most spread species was Medicago polymorpha L.  
(61.3 %) from the Fabaceae family, followed by Glebionis 
coronaria (L.) Cass. ex Spach (56.9 %) from Asteraceae 
family and Calendula arvensis L. (55 %) from Asteraceae 
family too. Table 2 shows the complete list of the species 
with their percentages and number of records. While As-
teraceae and Poaceae species are well represented at the 
top of this chart, M. polymorpha from Fabaceae do in the 
first position although Trifolium tomentosum L., with a 15 
% occurrence, is the lowest proportion.

Five species were allochthonous, 3.94 % of the total. Ave-
na sativa L. and Oxalis pes-caprae L. were the most com-
mon followed by Symphyotrichum squamatum (Spreng.) 
G. L. Nesom, Arctotheca calendula (L.) Levyns and Veron-
ica peregrina L. subsp. peregrina (1.9 %, 0.6 %, and 0.6 % 
respectively) (Table 2).

Eighteen life forms including subtypes were identified. It 
is worth noticing the overwhelming superiority of thero-
phytes which represent 76.38 % of all life forms. Of this 
group, erect therophytes were the most common (52.76 %) 
followed by caespitose therophytes (12.60 %) (Table 3). 

Results by town
Table 3 shows the number of species, genera, families, 
life forms, and phenological stages per town. Overall, 
Cordoba was the one with higher outputs. Only Huelva 
had a higher number of families. The presence of Frank-
eniaceae (an halophilous family) in Huelva raised this 
town to the first position. Glebionis coronaria, Medica-
go polymorpha, and Calendula arvensis, in this order, 

were the most common species in Huelva and Seville. 
Medicago polymorpha, Plantago lagopus L., and Diplo-
taxis catholica (L.) DC. was the most spread in Cordoba 
whereas Calendula arvensis, Hordeum murinum L. and 
Diplotaxis catholica were the most abundant in Linares 
(Table 2).

In terms of life forms, nanophanerophytes, and chamae-
phytes only occurred in Huelva. Percentages of life forms 
per town are displayed in Table 4. The most common life 
form (Th. e.) ranged from 42.6 % to 58.2 % in Huelva and 
Cordoba respectively. In contrast, apart from chamae-
phytes and nanophanerophytes only found in Huelva, one 
helophyte (Phragmites australis (Cav.) Steud.) was found 
in Seville.

Phenological stages followed a trend from towns closer to 
the coast (Huelva and Seville) to inner towns (Cordoba and 

Table 2. Life forms considered in this work and abbreviations.

Life form Subtype Abbreviation

Chamaephyte 
creeping Ch. cr.

subfruticose Ch. sf.

Geophyte
bulbous G. b.

rhizomatose G. rh.

Hemicryptophyte

cespitose H. cs.

creeping H. cr.

erect H. e.

rosulate H. ros.

scapiform H. scp.

Helophyte Hel.

Nanophanerophyte
climbing Np. cl.

semideciduous Np. sd.

Therophyte

cespitose Th. cs. 

climbing Th. cl.

creeping Th. cr.

erect Th. e.

fascicled Th. fs.

rosulate Th. ros.
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Linares). This is not especially evident in Sg nor Fl but in 
Ie and Fr. Huelva and Seville showed almost null Ie whilst 
Cordoba and Linares outputs were around 20 %; opposite-
ly, higher values were found in the former (28.3-35.6 %) 
and lower (18.0-10.4 %) in the latter for Fr (table 2).

Regarding allochthonous species, a gradient was noticed 
from Huelva and Seville (3 and 4 species respectively) to 
Cordoba and Linares (2 and 0 species respectively) (table 5).

The phenological stages of the 21 species occurring in the 
four studied towns are shown in Fig. 2. The main result 
points out that earlier stages such as Sg and Ie were more 
frequent in inland towns like Cordoba and Linares. Oppo-
sitely, Fl and Fr stages were especially common in towns 
closer to the coast, i.e. Huelva and Seville. Thus, only con-
sidering the 21 previous species, the percentages of each 
phenological stage per town were as follows: (i) Huelva, 

9.5 % Sg, 0 % Ie, 33.3 % Fl and 57.2 % Fr; Seville, 4.8 % Sg, 
0 % Ie, 52.4 % Fl, and 42.8 % Fr; Cordoba, 9.5 % Sg, 19.1 
% Ie, 42.8 % Fl and 28.6 % Fr; and Linares 19.1 % Sg, 23.8 
% Ie, 42.8 % Fl and 14.3 % Fr.

Shannon, Simpson, and Margalef diversity indices

Outputs are displayed in Table 6. The higher diversity oc-
curred in Cordoba followed by Seville, Huelva, and Linares 
respectively. Cordoba and Seville showed the closest val-
ues, whereas the more inland town (Linares) showed the 
lowest ones.

Discussion

Vegetation in urban areas can provide ecosystem services 
(Robinson and Lundholm 2012). In our study area, it can 

Table 3. Number of species, genera, families, life forms and phenological stage per town.

Phenological stage (%)

Town Nº species Nº genera Nº families Nº life forms Sg Ie Fl Fr

Huelva 61 53 20 16 25.0 2.2 44.5 28.3

Seville 67 54 19 13 14.9 1.1 48.4 35.6

Cordoba 79 63 19 13 27.0 18.9 36.1 18.0

Linares 53 43 16 12 23.9 19.4 46.3 10.4

Figure 1. Location of the 
study area showing the 
four sampled towns in red. 
Green colour delimitates 
the provinces of Andalusia 
region.
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be highlighted how vegetation regulates high tempera-
tures in summer. This is the first time that this kind of sur-
vey is carried out in southern Spain. The short sampling 
period was important to get reliable information about 
the phenological stage in the four towns. The beginning of 
April was selected as the best period for sampling, as the 
flowering period ranges between March and May at low el-
evations in southern Spain (López-Tirado 2018). The main 
parameter when choosing the study areas was the distance 
to the sea –and therefore continentality– aiming to obtain 
a wide range of sampling.

Asteraceae is the richest Angiospermae family world-
wide (Devesa Alcaraz and Carrión García 2012). In fact, 
this family was the most represented in the four sampled 
towns of this work almost reaching 23 %. It is not weird to 
find similar results in other surveys of ruderal flora (Pav-
lović-Muratspahić et al. 2010). In the same way, Poace-
ae and Fabaceae families were also important in terms of 
numbers achieving the second and third position respec-
tively. These three families are well-represented around 
the world. Thus, we can find them in high percentages as 
ruderal flora. Moreover, Fabaceae species contribute to ni-
trogen fixation into the ground and benefitting nitrophil-
ous species. Frankeniaceae family was only represented 
by Frankenia laevis in Huelva. It is a halophilous species 
growing in salt marshes (Aparicio and Silvestre 1987) 
which can be also found within urban areas. Worthy of 
note was Apiaceae family too; in the four towns the species 

detected were hemicryptophytes excepting Torilis arven-
sis (Huds.) Link.

Overall, therophytes were the most common life form. 
Annual plants are adapted to the Mediterranean climate. 
The main reason is to remain like a seed in summer when 
the harshest (hottest and driest) conditions are reached 
(Muñoz Álvarez 2010). This is consistent with other works 
around the Mediterranean basin (La Valva and De Na-
tale 1993, Leporatti et al. 2001, Interdonato et al. 2003, 
Tafra et al. 2012). Hemicryptophytes, geophytes, and 
chamaephytes followed therophytes in percentage as can 
be checked in Table 3. Life forms per town did not show 
significant results; only could be highlighted the increase 
of caespitose (therophytes and hemicryptophytes) in the 
more inland sampled town (Linares). Besides temperature, 
annual rainfall also influences life forms distribution (Da-
nin and Orshan 1990). Both environmental conditions af-
fect phenology as well; the more inland, the less flowering 
and fructifying plants were found (Fig. 2). This finding was 
especially significant in Linares again in comparison with 
the rest of the towns. The west coast of Europe is charac-
terized by the Gulf Stream, with continentality increasing 
with distance from the coast (Bruch et al. 2011). Therefore, 
Atlantic Ocean fronts sweep from west to east leaving less 
rainfall in inland areas of the Iberian Peninsula. In fact, 
plant stages are related to the climate in which specimens 
are growing (Dana et al. 2000).

Table 4. Percentages of life forms per town. See table 2 for abbreviations.

Ch. cr. Ch. sf. G. b. G. rh. H. cr. H. cs. H. e. H. ros. H. scp.

Huelva 1.6 1.6 1.6 1.6 3.3 4.9 9.8 4.9 1.6

Seville - - 1.5 - 6.0 4.5 3.0 3.0 1.5

Cordoba - - 1.3 1.3 1.3 3.8 3.8 3.8 5.1

Linares - - 1.9 1.9 1.9 7.5 1.9 3.8 3.8

Hel. Np. cl. Np. sd. Th. cl. Th. cr. Th. cs. Th. e. Th. fs. Th. ros.

Huelva - 1.6 1.6 3.3 4.9 11.5 42.6 3.3 -

Seville 1.5 - - 4.5 4.5 13.4 52.2 3.0 1.5

Cordoba - - - 1.3 3.8 12.7 58.2 2.5 1.3

Linares - - - 3.8 3.8 17.0 49.1 3.8 -
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Mild temperatures and sufficient enough annual rainfall 
can be considered the main factors among others for the 
settlement of allochthonous species. In the Iberian Pen-
insula, these conditions are more frequent in coastal are-
as. This is the case in Portugal, in which a high number of 
non-native species are also invasive (Almeida and Freitas 
2006). In this context, harsher temperatures and drier con-

Figure 2. Phenological stages of the 21 species recorded in the four studied towns: seedling growth (Sg in blue); inflorescence emergence (Ie in green); 
flowering (Fl in yellow) and fructifying (Fr in orange).

ditions in inland Spain reduce the amount of this species. 
This trend was found in our results showing Huelva and 
Seville had more allochthonous species than Cordoba and 
Linares. In any case, most of the species were autochtho-
nous for the four sampled towns, the opposite of what was 
found in Cuba or Chile with a high percentage of allochtho-
nous species (Figueroa et al. 2016, García-Lahera 2016).
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Table 5. Occurrence of allochthonous species (X) per town.

Allochthonous species Huelva Seville Cordoba Linares

Arctotheca calendula X

Avena sativa X X

Oxalis pes-caprae X X

Symphyotrichum 
squamatum X X X

Veronica peregrina 
subsp. peregrina X

Table 6. Shannon, Simpson and Margalef diversity indices.

Huelva Seville Cordoba Linares

Shannon index 3.598 3.709 3.817 3.497

Simpson index 0.962 0.967 0.970 0.960

Margalef index 10.481 11.330 12.308 8.824

Shannon, Margalef, and Simpson’s outputs were over 3, 
over 5, and near to 1 respectively. Thus, these values indi-
cated high diversity in each town. The Shannon’s diversity 
index (H) is used to characterize species diversity with-
in a community. If each individual belongs to a different 
species, the diversity index is the largest. It accounts for 
both the abundance and evenness of the species present, 
a trait that also follows Simpson’s Diversity Index (Shan-
non 1948, Simpson 1949). Margalef’s diversity index is a 
species richness index (Margalef 1958) which is strong-
ly dependent on sampling effort. Therophytes and other 
perennial herbs depict a high diversity in our urban areas 
(Pyšek et al. 2004). 

The main conclusions of this work were: (i) the high diver-
sity of nitrophilous flora in urban areas; (ii) Asteraceae, 
Poaceae, and Fabaceae were the most represented fami-
lies; (iii) the more advanced phenology in towns near the 
coast and (iv) the lower number of allochthonous species 
in inland towns.
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