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Introduction

High biodiversity is a characteristic of a healthy ecosystem 
and is essential for the well-being of our planet (IUCN 
2015; Lefcheck et al. 2015). However, its decline has been 
accelerating rapidly for the past five decades with slight 
signs of recovery (Bell et al. 2015). Introduction of exotic 
plants, which often results in their gradual proliferation 
and invasion, together with urbanization and extensive 
agriculture, are considered as the leading causes of 
biodiversity loss (Bellard et al. 2015). The drastic changes 
in the natural landscape caused by urbanization can 
negatively affect the composition and diversity of plant and 
animal communities, including pollinators, thus affecting 
ecological processes (Muller, Werner 2010; van Ham et al. 
2013; Crompton 2016; Coldwell, Evans 2017; Grunewald 
et al. 2017). In particular, the actions of horticulturists 
and garden enthusiasts on acquiring exotic ornamental 

plants (EOPs) and native ornamental plants (NOPs) are 
human-mediated activities for plant invasion (Dehnen-
Schmutz, Conroy 2018), resulting in increase of abundance 
and richness of EOPs in a given area. Moreover, even 
botanical gardens where EOPs and NOPs are collected for 
ornamental or conservation purposes are challenged due 
to the spread of EOPs (Hulme 2011). Significantly, most 
of the EOPs that were introduced and later propagated in 
urban parks and gardens have records of being invasive 
or becoming invasive thereafter (van Ham et al. 2013). 
Urban ecosystems provide green landscapes, such as parks, 
commonly used for leisure and physical activity, benefiting 
human health and well-being (Djoghlaf et al. 2010; 
Lundholm, Richardson 2010; FAO 2011; Bonebrake, Tom 
2016). Cities therefore play an important role in conserving 
global biodiversity through the planning and management 
of urban green areas, including social, cultural interactions 
and economic factors (Müller, Werner 2010; UNEP 2012; 
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De Wulf et al. 2018).  
The Philippines is considered as one of the most 

biologically diverse countries in the world (FAO 2011; 
UNEP 2012). Apparently, incessant increase of human 
population and unrestrained utilization of natural resources 
in one of the cities of the Philippines – Metro Cebu – has 
been threatening wildlife habitats, leading to biodiversity 
loss (Hanski 2011). Another reason for biodiversity loss is 
the introduction of EOPs, which have become naturalized 
and have been able to proliferate and spread (Chase et 
al. 2011). These EOPs are widely used especially in parks 
for floriculture purposes. Thus, whether the inclusion or 
exclusion of urban parks as a vital component in promoting 
ecosystem biodiversity is an environmental issue or not, 
the subject must be thoroughly studied. The fragmentation 
and habitat loss of Cebu due to anthropogenic activities 
are still the main factors leading to the reduction of native 
biodiversity, including animals and other organisms 
(Szlávecz et al. 2011; Buczkowski, Richmond 2012; Dell 
et al. 2012; UN 2013; Garces, Genterolizo 2018). Plant 
communities dominated by EOPs in urban ecosystems 
result in numerous ecological problems (Gaertner et 
al. 2017; Li et al. 2018; van Kleunen et al. 2018). EOPs 
are known to be one of the greatest threats to ex situ 
conservation of NOPs, plant community structure and 
ecosystem functioning (Replan, Malaki 2017; Kruize et 
al. 2019). EOPs may establish negative relationships with 
NOPs (Corcos et al. 2020). Therefore, registration of the 
existing plant communities, and in particularly identifying 
the invasive potential of EOPs before their propagation 
and establishment in the landscape, is extremely important 
for native plant conservation (Bang et al. 2011; UNDP 
2014; Hummel et al. 2017; Scovronick et al. 2017; Dehnen-
Schmutz, Conroy 2018). 

Plant inventory and biological indices are extremely 
important factors for species conservation at the community 
and ecosystem levels (Leger, Espeland 2010; Jeschke et al. 
2014; Tobin 2018). They have been widely used to assess 
and describe the conservation status of communities and 
ecosystems, and to understand future responses to climate 
changes (Chase et al. 2011; Pyšek et al. 2012; Aydin et al. 
2016; Foxcroft et al. 2017). Moreover, these factors inform 
about community dynamics; adaptation to dispersion and 
even the ability to compete for establishment (Pascual et al. 
2010; Birch, Wachter 2011). Understanding the distribution 
of plants by use of biological indices in urban green areas is 
extremely important for the design and implementation of 
native plant management and conservation plans (Downey, 
Richardson 2016; Guiaşu, Tindale 2018). In this study, we 
aimed to determine the composition and diversity of native 
and exotic ornamental plant species in five minor and 
major urban parks in Metro Cebu, Philippines. Specifically, 
we analyzed (a) the proportion of NOPs and EOPs in urban 
parks and (b) the species richness, abundance, evenness 
and abundance of NOPs and EOPs in urban parks in Metro 
Cebu. 

Materials and methods

Description of the study area and context
Cebu City is the capital of the island of Cebu, one of 
the provinces of the Philippines. The city is  the center 
of industry and commerce of the entire province. It is 
situated 550 km south-east of Manila and listed as the 
second largest urban center of the country (OECD 2017). 
The total land area is 291.2 ha, comprising of 55.9 ha of 
urban area while the remaining area of 235.2 ha is classified 
as rural. Its estimated elevation is 900 m above sea level. 
The annual mean temperature is 26.5 °C with highest 
and lowest monthly temperature of 34.8 °C and 20.6 °C, 
respectively (Cebu City Government-City Planning and 
Development Office 2017). The coldest month is January 
and the warmest month is May. The average annual rainfall 
is 1636 mm (old Lahug Airport) and 1670 mm (Cebu 
Customs House). Precipitation decreases from February to 
April, and gradually increases from May to July (PAGASA 
2015; Garces et al. 2016). These environmental features are 
similar throughout Cebu City area and thus do not spatially 
affect the overall diversity, composition, and distribution of 
the plants in the study sites. This research focused mainly 
to the top five most visited urban public parks inside 
Cebu City (L. Macaraya, personal communication), which 
include two major parks, Plaza Independencia and Fuente 
Osmeña Circle and three minor parks, the Senior Citizens 
Park, Plaza Hamabar and Cebu Heritage Park (Fig. 1). 

Research design
A ground surveying technique was employed, where the 
total number of EOPs and NOPs was determined by quadrat 
sampling method (Baxter 2014). A total of 132 quadrats with 
size 10 × 10 m and 132 total quadrats were established in 
the parks. The surveyed plants were classified up to species 
level. Furthermore, species were classified according to plant 
life forms as trees, shrubs, and herbaceous plants (Akhtar, 
Bergmeier 2015). The chosen parks were categorized 
in two main aspects based on park age and functional 
classification. Parkes were classified as old and young 
parks. Parks developed before 1950 belong to old parks 
while those that were developed after 1950 were classified 
as young (Li et al. 2005). Functional classifications divided 
parks based on  historic/cultural protection and family/
social recreation (Ummeh, Toshio 2017). The old, historic/
cultural protection parks were usually heritage sites while 
the old, social recreation parks were used for recreational 
activities and as cultural and community gathering places. 
Some of the new, historic/cultural protection parks are 
mostly minor parks established near infrastructures having 
significant traditions while other newly established parks 
are merely for family/social recreational activities. It is 
remarkable that less green space is available in these parks 
because of its underlying functional purposes. The total 
park area covered in this study was 43 510 m2. The smallest 
park area was 1150 m2 and the largest was 24 700 m2. 
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Data collection
During personal visits, the researchers observed that 
there were only specific areas in the park intended for 
plant vegetation. Most of the plant communities were 
aggregated and therefore, selective sampling was used 
in placing the quadrats to ensure that shrub, herbaceous, 
and tree communities were included during the sampling 
procedure. Selective sampling is a technique used to 
provide accurate data especially if the chosen population is 
already identified (Han et al. 2020). Due to the restrictions 
of obtaining specimen vouchers, the images of each plant 
for identification were taken using a Canon EOS 1200D 
photographic camera, preferably from 8:00 to 17:00. In 
addition, the photographic method was based on the 
manual of Co’s Digital Flora in the Philippines (Barcelona, 
Pelser 2015). Identified plants were taxonomically classified 
yo species level using mainly the monograph “A Pictorial 
Cyclopedia of Philippine Ornamental Plants 2nd Edition” 
by Dr. Domingo Madulid as a reference and with the help 
of the Global Invasive Species Database, Pacific Island 
Ecosystem at Risk, Asia-Pacific Forest Invasive Species 
Network, and Botanic Gardens Conservation International. 
During the preliminary visit, researchers consulted with the 
park administration to obtain lists of all ornamental plants 
in the area and to obtain assistance during the proposed 
schedule of sampling.  

Data analysis
The biological indices (i.e. species, abundance, richness, 
evenness and diversity) of NOPs and EOPs for each park 

were calculated using the summarized data from sample 
plots of shrub, herbaceous, and trees communities. The 
following formulae were used: 

Species abundance = (total number of species A / 
total number of all species) × 100;

Species richness = number of species found in each 
quadrat.

Simpson diversity index D was calculated as
D = 1 – ∑ni (ni – 1) / N (N – 1),

where ni is the number of individuals, N is the total number 
of species, 0 = low diversity, 1 = high diversity.
Pielou’s evenness (J) was calculated as

J = H / ln(S)
where H is the Shannon’s index, S is the number of species 
encountered (Smith, Smith 2000). 
 
Results

A total of 28 647 plant individuals were identified in the 
five most visited parks in Cebu City, Philippines (Table 
1). Plaza Independencia had 71.36% (20 442 individuals), 
Senior Citizen’s Park 14.09% (4036 individuals), Fuente 
Osmeña Circle 4.61% (1322 individuals), Heritage Park 
8.51% (2438 individuals) and Plaza Hamabar 1.43% (409 
individuals) of the total number. The surveyed plants were 
represented by 46 families and 85 genera of 100 different 
species (Fig. 2). Of the total species richness, 95% were 
EOPs and 5% were NOPs. In terms of species richness, 
the top three families with highest number of taxons 
were Asparagaceae with five genera and 12 species (Agave 

Fig. 1. Geographic location of the five studied urban parks in Metro Cebu, Cebu Island, Philippines.
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Table 1. List of species of exotic and native ornamental plants and their individual numbers in five urban parks in Metro Cebu, Philippines 

Family Species Status Heritage 
Park

Hamabar 
Park

Fuente 
Osmeña 

Circle

Senior 
Citizen’s 

Park

Plaza 
Indepen-

dencia

Total

Acanthaceae Crossandra infundibuliformis EOP – 111 – 6 1681 1798
Justicia sp. EOP – – – 9 9
Ruellia tuberosa EOP – 1 – – – 1

Amaranthaceae Althernanthera polygonoides cv. EOP – – – – 220 220
Althernanthera sp. EOP – – – – 103 103
Celosia cristata EOP – – – – 226 226
Gomphrena globosa EOP – – – – 15 15
Iresine herbstii EOP – – – – 281 281

Amaryllidaceae Hippeastrum sp. EOP – 4 – – – 4
Zephyranthes rosea EOP – – – – 42 42

Anacardiaceae Adenium obesum EOP 32 – – – 142 174
Allamanda cathartica EOP – – – – 35 35
Allamanda neriifolia EOP 20 – – – – 20
Catharanthus roseus EOP – – – – 8 8
Mangifera sp. EOP – – – – 1 1
Nerium oleander EOP – – – – 1 1
Plumeria sp. EOP – – – – 23 23

Annonaceae Polyalthia longifolia EOP – 5 1 – – 6
Apocynaceae Tabernae montana pandacaqui EOP – 53 2 467 522
Araceae Alocacia sp. EOP – – – – 1 1
Araliaceae Polyscias scuttelaria EOP – – – – 1 1
Araucariaceae Araucaria heterophylla EOP – – – – 2 2
Arecaceae/
Palmae

Cocos nucifera EOP – – – – 2 2
Dypsis sp. EOP – 1 – – 31 32
Licuala grandis EOP – – – 256 256
Pinanga kuhlii EOP – – – 5 – 5
Ptychosperma macarthurii EOP 8 – 25 1 34
Rhapis excelsa cv. EOP 13 – – – – 13
Roystonea regia EOP – 2 – – – 2
Veitchia merrillii NOP – – – – 16 16

Asparagaceae Agave angustifolia EOP – – – 5 5
Agave ellemeetiana EOP – – – – 33 33
Cordyline australis EOP – 1 – – – 1
Cordyline fruticosa cv. EOP – – – – 34 34
Dracaena cv. EOP – – – 5 14 19
Dracaena deremensis EOP – – – – 5 5
Dracaena fragrans EOP – – – – 5 5
Dracaena marginata EOP – – – – 49 49
Sansevieria trifasciata EOP – – – – 10 10
Sansevieria zeylanica EOP 130 – – – 130
Yucca aloifolia EOP – – – – 1 1
Yucca aloifolia var. EOP – – – – 13 13

Asteraceae/ 
Compositae

Cosmos sulphurous EOP – – – – 219 219
Helianthus annuus EOP – – – – 590 590
Wedelia sp. EOP 300 – – – 546 846
Zinnia elegans EOP – – – 713 713

Boraginaceae Ehretia microphylla EOP 3 10 121 – 2174 2308
Bromeliaceae Achemia fulgens EOP – – – – 7 7
Cactaceae Lemaireocereus stellatus EOP – – – 8 8 16
Cannaceae Canna sp. EOP – – – – 625 625
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Family Species Status Heritage 
Park

Hamabar 
Park

Fuente 
Osmeña 

Circle

Senior 
Citizen’s 

Park

Plaza 
Indepen-

dencia

Total

Capparaceae Cleome spinosa EOP – – – – 187 187
Caricaceae Carica papaya EOP – – – 3 – 3
Casuarinaceae Casuarina equisetifolia EOP – – – – 2 2
Combretaceae Terminalia catappa EOP – – 4 – 1 5
Commelinaceae Setcreasea pallida EOP – 52 158 – 157 367
Crassulaceae Bryophyllum pinnatum EOP – – – – 76 76
Ebenaceae Diospyros philippinensis NOP – – – – 3 3

Diospyros sp. EOP – – – – 2 2
Euphorbiaceae Euphorbia milli cv. EOP – – – 30 133 163

Euphorbia tirucalli EOP 14 – – – 2 16
Hevea brasiliensis EOP – – – – 3 3
Pedilanthus tithymaloides cv. EOP – 46 – – 597 1235

Fabaceae Acacia sp. EOP – – 2 – 12 14
Calliandra surinamensis EOP – – – – 1 1
Cassia fistula EOP – – 3 – – 3
Cassia javanica EOP – – – – 2 2
Delonix regia EOP – 1 2 – 15 18
Pithecellobium dulce EOP – – – – 6 6
Pterocarpus sp. EOP – – 32 6 12 50

Heliconiaceae Heliconia sp. EOP 1724 – – – 379 2103
Lamiaceae Coleus blumei cv. EOP – – – – 104 104

Gmelina arborea EOP – – 10 – – 10
Lauraceae Cinnamomum cebuense NOP – – – – 1 1
Lythraceae Lagerstroemia speciosa EOP – – – – 7 7
Malvaceae Hibiscus sp. EOP – 2 – – 31 33
Meliaceae Swietenia macrophylla EOP – – 13 – 8 21

Swietenia mahogani EOP – – – – 2 2
Moraceae Artocarpus heterophyllus EOP – – – – 1 1

Ficus benjamina EOP – – – – 9 9
Ficus religiosa EOP 5 – 2 – 7 14
Ficus sp. EOP – – – – 2 2
Ficus variegata EOP – – – 337 615 952

Moringaceae Moringa oleifera EOP – – – – 2 2
Myrtaceae Eucalyptus sp. EOP – – – – 2 2

Syzygium cumini EOP – – 5 – 1 6
Nyctaginaceae Bougainvillea sp. EOP – 49 364 1 264 678

Mirabilis jalapa EOP – – – – 1 1
Oleaceae Jasminum sambac EOP 15 – – – – 15
Orchidaceae Dendrobium sp. EOP – – – – 9 9
Podocarpaceae Podocarpu smacrophyllus EOP – – – – 13 13
Plumbaginaceae Plumbago auriculate EOP – – – – 2 2
Poaceae Bambusa vulgaris EOP – – – – 43 43
Rubiaceae Ixora sp. EOP 182 50 7 3295 4363 7897
Rutaceae Citrofortunella sp. EOP – – – – 1 1

Murraya paniculate EOP – 6 – – – 6
Sapotaceae Chrysophyllum caimito EOP – – 1 – 1 2
Scrophulariaceae Leucophyllum frutescens EOP – 7 56 1282 1345
Solanaceae Capsicum frutescens EOP – – – – 2 2

Cestrum nocturnum EOP – – – – 1 1
Verbenaceae Duranta erecta EOP – – 5 203 3468 3676

Table 5. continued
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ellemeetiana, Agave angustifolia, Cordyline fruticosa cv., 
Cordyline australis, Dracaena cv., Dracaena deremensis, 
Dracaena fragrans, Dracaena marginata, Sansevieria 
trifasciata, Sanseviera zeylanica, Yucca aloifolia, Yucca 
aloifolia var.), Fabaceae with nine genera and nine species 
(Calliandra surinamensis,Delonix regia, Pithecellobium 
dulce, Samanea saman, Pterocarpus sp., Cassia javanica, 
Cassia fistula, Gmelina arborea, Swietenia macrophylla) 
and Arecaceae/Palmae with eight genera and eight species 
(Cocos nucifera, Dypsis sp., Licuala grandis, Ptychosperma 
macarthurii, Veitchia merrillii, Pinanga kuhlii, Rhapis 
excelsa cv., Roystonea regia). 

The majority of the species belonged to families that 
were non-native, with two species documented as invasive 
(Swietenia macrophylla and Syzygium cumini) based on the 
Global Invasive Species Database. The biggest of the sampled 
parks with an area of 24 700 m2, Plaza Independencia, 
which was also categorized as old park, had a total of 20 442 
individual plants. The EOPs represented a very large portion 
of the plants (99.39%, 20 317 individuals) and only 0.61% 
of plants were NOPs (125 individuals). There was a total of 
85 plant taxa and 74 genera, belonging to 46 families. The 
most dominant family was Asparagaceae with six genera 
and nine species, followed by Apocynaceae (six genera and 
six species) and Fabaceae (six genera and six species). In 
Plaza Independencia both herbaceous plants (36.47%) and 
trees (36.47%) dominated in terms of richness of life forms 
compared to shrubs (27.06%). On the other hand, shrubs 
(63.46%) dominated over herbaceous plants (34.32%) and 
trees (2.22%) in terms of abundance. The abundance of 
shrubs can be explained by their functional use in the parks. 
Shrubs such as Ehretia microphylla and Duranta erecta were 
used as fences or utilized to define different sections in the 
park. The categorical and functional classification of Plaza 
Independencia, which is an old and historic protection park, 
might have a significant impact on the plant community 
composition. Trees, although high in species richness, had 
low abundance because individuals covers a greater area. 
Moreover, Plaza Independencia contains historical ruins, 
monuments, and infrastructures, which are intended 
for human recreational activities. The selection of plants 
favours shrubs and herbaceous species to meet the need in 
the area in terms of maximizing space for other purposes. 

The Senior Citizen’s Park (3510 m2), despite being 
categorized as a minor and new park, followed Plaza 
Independencia in plant abundance with 14.09% (4036 
individuals). The park had 17 plant species from 16 
genera belonging to 14 families. Individuals of shrub 
Ixora sp. dominated the landscape with 81.64% of the 
total abundance. All documented plant species were 
identified as EOPs. Ixora sp. were widely used in Senior 
Citizen’s Park as hedges. In the Senior Citizen’s Park, shrub 
communities dominated the landscape and accounted for 
47% of individuals, followed by the tree community (29%). 
Relative abundance of the herbaceous community was 24% 

of individuals. In terms of richness, the shrub community 
had the highest proportion of plant species (97%), the most 
abundant being Ixora sp., Ficus variegata and Duranta 
erecta. Ixora sp. was the main ornamental plant inside the 
park with a total number of 3295 individuals while the 
Ficus variegata was planted as a fence that surrounded the 
park. The tree community had the lowest proportion of 
species, accounted for 1% of species  and was dominated by 
Ptychosperma macarthurii.

Fuente Osmeña Circle with a land area of 12 280 m2, 
with a total of 1322 individuals from 17 species. These 
identified plant species belonged to different genera 
from 14 families. One species was documented as a NOP 
(Terminalia catappa) and two were listed as invasive 
(Swietenia macrophylla and Syzygium cumini). 

The Heritage Park comprised 8.51% of the total 
abundance, with 2438 individuals from 10 families. All 
identified ornamental plants species found were EOPs. The 
shrub community in Heritage Park had the largest part 
(64%) of species, and was represented by seven species 
(Ehretia microphylla, Ixora spp., Jasminum sambac, Rhapis 
excelsa cv., Allamanda neriifolia, Adenium obesum, and 
Euphorbia tirucalli). The herbaceous plant community 
with 27% of species was represented by four (Sanseviera 
zeylanica, Heliconia sp., and Wedelia trilobata). The tree 
community had only one species (Ficus religiosa) and 
accounted for 9% of species. As the shrub community 
in Heritage Park had the highest number of species, 
compared to the herbaceous and tree communities, this 
may suggest that the minor, new, and historical protection 
park highlights the architectural structure of the area rather 
than plant richness. Furthermore, management favours 
the selection of a shrub community because structurally 
contains small to medium size plants. Trees were possibly 
least selected as ornamental plants in the park because of 
the location and size of the area. 

The park with lowest plant species abundance, Plaza 
Hamabar, comprised only 1.43% (409 individuals) of the 
total abundance, with 18 species of EOPs belonging to 15 
different families. 

Five species of the NOPs were documented in Plaza 
Independencia, while other parks had no NOPs present. The 
native species included Cinnamomum cebuense, Diospyros 
philippinensis, Coleus blumei, Terminalia catappa, and 
Veitchia merrillii. Consequently, native plants represented 
only 0.61% (125 individuals) of the total abundance and 
5.88% of the species richness. Cinnamomum cebuense is 
endemic to Cebu Island, Philippines and is currently listed 
by the International Union for Conservation of Nature 
as critically endangered. Another native species that was 
occurred in the park was Diospyros philippinensis. Listed 
as an endemic species, Diospyros philippinensis has been 
threatened by human intervention in its natural habitat and 
has now reached an endangered status. 

The total abundance of individuals of ornamental 
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plants in the parks was 28 647. Among them, 20 442 were 
found in Plaza Independencia, 4036 were documented in 
Senior Citizen’s Park, 1322 individuals were recorded in 
Fuente Osmeña Circle, 2438 were reported in Heritage Park 
and the remaining 409 individual plants were documented 
in Plaza Hamabar (Table 2). Results on biological indices 
showed that for Shannon and Simpson diversity indices, 
Plaza Independencia had highest diversity. Meanwhile, 
Senior Citizen has the lowest value of both Shannon and 
Simpson indices indicating that this sampling site was the 
least diverse. Plaza Hamabar had highest evenness, while 
the lowest was for the Senior Citizen’s Park (Table 2). 

Discussion

In general, most urban parks in Metro Cebu had high 
richness and abundance of EOPs. The frequency of EOPs 
was even higher when species were included that were 
NOPs to the other urban green spaces outside Cebu. 
The occurrence of EOPs in urban ecosystems is due to 
(i) deliberate use, especially for landscaping purposes 
(Grunewald et al. 2017), or introduction in agriculture, 
especially in horticulture, and (ii) accidental dispersal 
(e.g., by car traffic; Hulme 2011). In several countries, the 
practice of using EOPs for landscaping is directly related to 
colonial heritage and high urbanization (Knize et al. 2019). 
Numerous plant species from around the world are used 
for ornamental purposes, ignoring native flora (Lefcheck et 
al. 2015). The consequence of urbanization to biodiversity 
protection may be localized, but has been cumulatively 
progressing, especially in urban areas like Cebu, with high 
endemism (Secretariat of the Convention on Biological 
Diversity 2012; Alvarico et al. 2019).  This trend has been 
observed in other published studies of urban parks. For 
instance, in the study of Nielsen et al. (2014), it was shown 
that there was a negative trend for the native-exotic plant 
ratio, where EOPs has higher species richness than NOPs. 

In older parks, it is expected that there will be fewer 
trees in terms of abundance, but greater species diversity 
compared to the newly established parks (Gopal, Nagendra 
2010). Higher abundance of trees may also indicate a 
negative impact to herbaceous vegetation, as usually there 
is a reduced species richness of herbaceous vegetation 

associated with higher tree numbers (Loydi et al. 2013). 
Higher tree cover might also promote accumulation of 
certain soil minerals, such as nitrogen and aluminum, 
which would later lead to soil acidification (Loydi et al. 
2013). Furthermore, success of tree seedling establishment 
is affected by competition with herbaceous plant forms 
specific to savannas and grasslands (Davis et al. 2001). 

Moreover, the use of EOPs has been also promoted by 
government agencies (Morris et al. 2014). These species 
were introduced through research programmes, which 
were aimed to investigate the medicinal potential, use as 
new crops and education (Muller et al. 2010). Some of 
these introduced species escaped and become naturalized, 
and are currently widely distributed in most parts of the 
world. The introduction of EOPs can alter the dynamics 
of NOPs in nearby communities (Pysek et al. 2012; Russo, 
Cirella 2018). Although usually EOPs have higher richness 
and floristic diversity than native species in tropical urban 
ecosystems (Schuldt et al. 2019), most animals, particularly 
insects, prefer to visit NOPs. It is true that EOPs may pose a 
health risk to NOPs in the long run and compete with NOPs 
for insects, reducing the frequency of visits of native species 
(Van Kluenen et al. 2018). Invasive and generalist species 
may be more frequent in urban ecosystems and promote 
plant inbreeding, compromising the cross-pollination 
process and negatively affecting reproductive success and 
biodiversity of NOPs. 

Among the 100 plant taxa recorded in the study, four 
species (Casuarina equisetifolia, Terminalia catappa, 
Swietenia macrophylla, Syzygium cumini) were documented 
as invasive species in the Philippines. These taxa have been 
also documented to be invasive in different parts of the 
world (GISD 2019). The IUCN Invasive Species Specialist 
Group listed Casuarina equisetifolia as an invasive species 
in Florida, where it disrupts communities of some reptiles. 
Terminalia catappa, an indigenous and also invasive tree 
in the Philippines, has invaded Unites States and several 
Caribbean and Cayman Islands. Syzygium cumini was also 
listed in Hawaii, and has been very invasive in the Cook 
Islands and French Polynesia (GISD 2019). Sri Lanka 
also reported the invasiveness of Swietenia macrophylla 
in disturbed forest (Norghauer et al. 2011). The tree was 
deliberately introduced in both Philippines and Sri Lanka 

Table 2. Summary of species abundance, richness, and diversity of exotic and native ornamental plants in surveyed urban parks in Metro 
Cebu, Philippines. N, abundance; R, taxa (species) richness; H, Shannon diversity index; D, Simpson diversity index; H’-Shannon-Weiner 
diversity index

Sampling site N R H D H’
Heritage Park 2438 11 0.441620031 0.476250234 1.058958584
Plaza Hamabar 409 18 0.742829957 0.84951102 2.14705473
Fuente Circle 1322 17 0.530051767 0.700706955 1.501749738
Senior Citizen’s Park 4036 17 0.2734329 0.323635115 0.77469374
Plaza Independencia 20 442 85 0.624724838 0.896183824 2.775434588
All parks 28 647 100 0.595377235 0.88254802 2.74181349

Ornamental plant diversity, richness and composition in urban parks
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for forestry. In general, the invasive plant species found in 
the present study were widely cultivated in the Philippines 
because of their use as ornamentals, in the timber industry, 
source for pharmaecuticals etc. These anthropogenic 
factors are major issues in biodiversity conservation and 
invasion ecology. Fortunately, the Parks and Playground 
Commission has been working on eradicating invasive 
plants in parks as initial step in promoting urban 
biodiversity. Aside from that, Dr. Macaraya, the head of 
the Parks and Playground Commission also considered 
promoting parks that would provide wildlife habitat, 
especially for avifauna (personal communication). Based 
on the surveyed data, EOPs were significantly dominant in 
all sampled parks. This was not surprising, as park planners 
in Metro Cebu usually imported ornamental plants from 
various countries outside the Philippines, including Taiwan 
and Indonesia. This threatened the biodiversity in the 
area, as EOPs have greater probability to become invasive 
and bring severe negative impacts to overall ecosystem 
functioning in the area.

In terms of biodiversity, the Shannon diversity index 
(H) usually has a value of 1.5 to 3.5 and rarely reaches 4 
(Picardal et al. 2011; Valenzuela et al. 2013). Shannon 
diversity index increases with higher species richness and 
evenness (Morris et al. 2014; Garces 2019). Of the five parks 
in the present study, Plaza Independencia had the highest 
Shannon diversity values, while Senior Citizen’s Park had 
the lowest (Table 2). Similarly, Simpson diversity reflects 
species richness and relative abundance of each species. A 
Simpson value a range of 0 and 1 in which 1 represent a high 
level of diversity while 0 represents no diversity (Barcelona 
Field Studies Center 2018). Plaza Independencia had the 
highest Simpson index value while Senior Citizen’s Park 
had the lowest value. Evenness reflects relative abundance 
of species, being highest when species have similar relative 
abundance (Garces, Flores 2017). Plaza Hamabar had the 
highest evenness while Senior Citizen’s Park had the lowest 
value.

The conservation of plant diversity, especially for taxa 
with endangered or critically endangered status, can be 
occur in urban parks. Urbanization, while listed as a top 
threat for biodiversity, can also be a part of the solution 
(Garces 2019). The five sampled parks accommodate two 
vulnerable species (Cinnamomum cebuense and Diospyros 
philippinensis), which are endemic and endangered species. 
Even though the species pool of the sampled parks consisted 
of 95% of EOPs and only 5% of NOPs, they have been 
the cradle for these threatened plant species for the past 
few years. The high diversity observed in sampled parks 
suggests that they play an important role for maintaining 
biodiversity in the city. However, EOPs highly contributes 
to this diversity. Exotic flora has been known to negatively 
affect native community and seed production of NOPs 
(Agrawal, Cook-Patton 2014). Moreover, plant richness and 
abundance also affect the diversity of other species such as 

arthropods and birds. In an area with high plant diversity, 
arthropod richness and abundance tend to be directly 
proportionally higher because the food sources are readily 
available and there is less competition (Schuldt et al. 2019). 
Moreover, it has been observed that native plants attract 
more arthropods compared to exotic species (Agrawal, 
Cook-Patton 2014). For birds, in addition to plant diversity, 
plant community structure has also been observed to affect 
their abundance and richness. Birds (and other animals) 
are known to have a specific distance from human presence 
where they do not show alert behavior; this is known as 
human tolerance. Bird species differ in human tolerance 
and a complex habitat structure is known to have a positive 
effect on bird diversity (Wenny et al. 2011). In addition, 
more-individual hypothesis already predicts this trend on 
diversity. 

Conclusions

This study documented that urban parks have a high 
proportion of EOPs. All identified plants in the three 
minor parks (Senior Citizen’s Park, Heritage park and 
Plaza Hamabar) were all EOPs. In these three parks, 
only one plant species was found to be native in Fuente 
Osmeña Circle, but this species is considered to be invasive. 
Dominance of EOPs over NOPs in the top five most 
visited parks can be explained by various factors such as 
park category, functional classification and management 
options. Further studies should investigate the ecosystem 
services provided by these EOPs and NOPs, as well as the 
associated pollinators responsible for the reproductive 
success of EOPs and NOPs in urban parks, in addition 
to fruit and seed dispersal and seed viability. This would 
allow an analysis of the impact of EOPs on the dynamics 
of urban green spaces, which would be extremely useful 
for the elaboration of management plans for plant species 
occurring in several types of urban green spaces (gardens, 
public roads, green roofs), allowing urban green spaces 
to act as connecting points to natural areas, thereby 
maintaining or restoring local biodiversity and ecosystem 
functioning. The role of urban parks is essential for city’s 
sustainability and thus, evaluating and determining the 
plants propagated in these parks is one of the imperative 
ways for a better future planning and effective management 
strategies not just in parks but also for other urban green 
spaces in the Philippines. 
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