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ABSTRACT

In anthropogenic islands as urban parks, the fern species richness and compo-
sition may be determined ecologically by the quality of habitat, including area
greenness, or biogeographically by area size. As the development of the theory
of island biogeography also includes man-made parks, it is feasible to test
whether area-species relationship applies in these urban parks, and is more
pronouncedly evident compared to another ecological factor, such as NDVI.
Total species number and composition of 8 urban parks in a kecamatan
(subdistrict) in Tegal Regency were collected and arranged in clustering meth-
ods to understand the similarity between parks. The similarity analysis result
is important for the management of the parks in Slawi. The species richness
data is subsequently tested using Pearson correlation and regression against
NDVTI and area sizes. The relation between NDVI and species richness is non-
significant (p=0.058), while area size and species richness is significant
(p=0.003). This signifies that the urban fern species richness is determined by
area as biogeographical factor, compared to NDVI as ecological factor. This
result is important for the purpose of designing and managing urban parks as
evidently size is important in the effort of attracting native biodiversity into
urban parks and in turn enhancing the well-being of urban population.

Copyright: © 2024, J. Tropical Biodiversity Biotechnology (CC BY-SA 4.0)

INTRODUCTION

The theory of island biogeography (MacArthur & Wilson 1963; MacAr-
thur & Wilson 1967) was originally developed to understand the effect of
island environment, including isolation, to species richness and species
speciation. It was developed to understand the biodiversity occurring in
newly formed oceanic islands in relation to distance to larger land mass-
es, especially continents. The key factors involved in the original and re-
cently developed theory (Whittaker & Fernidndez-Palacios 2007) are the
size of island, the relative distance to neighboring island and mainland,
the time of isolation, climate, and past relation with land masses. Along
its development, this theory is not applied only in real island environ-
ment, but into several island-like environments, including human-derived
environments (Gleditsch et al. 2023). This theory is also applied in difter-
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ent sense rather than only real island, such as succulent vegetation in ar-
id environment in Africa (Desmet & Cowling 2004) and completely sub-
merge marine habitat (Neigel 2003). Human activities alter natural vege-
tation into anthropogenic habitats according to specific human needs,
creating islands surrounded by human habitats. Human managers call
these islands urban green spaces, which in- turn may take several forms
including urban parks.

In these anthropogenic islands, wild species thrive from several
sources, mostly from deliberate human introduction, followed by natural
vegetation remnants, and natural vegetation new immigrants (Savard et
al. 2000). While deliberate human introduction is sometimes thought of
as unnatural, and vegetation remnants are mostly unlikely in small urban
parks, entirely altered during construction, new immigrants are thought
as natural and reflecting the vegetation capability in dispersal from near-
by sources including nearby parks or nearby natural habitats. This com-
ponent of urban park biodiversity is an interesting object of biodiversity
study. In parks, this natural vegetation component interacts with human
vegetation introductions, sharing a certain park area size. It is interesting
to understand the species’ richness and composition in these island urban
habitats, as they vary in size and management.

Fern is a suitable plant group to test the interchange ability among
populations, as they are mostly airborne, capable of long-distance disper-
sal, with the exception of several aquatic fern, Marsileales and Salviniales
(Dassler & Farrar 2001; De Groot et al. 2012). A wild fern individual in
an urban park is almost certainly a newly established individual, or can
be called as a spontaneous fern, growing from airborne spores into mi-
nute gametophytes and subsequently into adult sporophytes (Sato 1982;
Taylor et al. 2005); a process that makes them feasible subject of bioge-
ography study. As ferns are mostly airborne, angiosperms are dispersed
in various manners, from ballistic-anemochory to intricate zoochory.
Variable dispersal methods in the angiosperms compared to the ferns
makes the latter is ideal and rather homogenous group to study, in terms
of dispersal and spontaneous colonization of an area.

Urban parks vary not only in size, but also in management. Several
parks with variability in trees and shrubs; many with mostly grass; oth-
ers with extensive tiling or concretes. The greener a park, the more like-
ly to attract biodiversity, flora, fauna, and microorganisms, compared to
those less green. A popular measure in quantifying the greenness, thus
healthiness of a park, is NDVI (Normalized Difference Vegetation Index),
a remote sensing tool. In a place with high NDVI, it is expected to en-
counter higher biodiversity, both in flora (Pau et al. 2012), and fauna
(Seto et al. 2004). In small parks where source of biodiversity, as nearby
forest or nearby mountain is neglectable, it is interesting to consider
whether island biogeography most pronounced factor, the island size, or
the greenness of an area, determined the species richness in an area.

MATERIAL AND METHODS

This research was conducted for 6 months from July to December 2022.
The location of this research is in the 8 city parks in Kecamatan
(Subdistrict) Slawi, Tegal Regency (Figure 1, Table 2). Eight parks are
appointed based on the advice of the Tegal Regency Environmental Ser-
vice (Dinas Lingkungan Hidup Kabupaten Tegal), as these parks are the
most managed amongst 18 kecamatan (subdistrict) in Tegal Regency and
have the feature of most urbanized surroundings. In appointing parks
only in a single kecamatan (subdistrict), we deliberately reduce the eftect
of isolation from species immigration sources (like Mt. Slamet, 50 km
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south), meaning all parks have relatively similar isolation to Mt. Slamet.
Therefore, the biogeographic driver in determining species number of a
park is solely park area size.

Fern censuses were done in the manner of exhaustive census, 1.e.,
all fern individual possible for identification, within the perimeter of a
park were included in the data collection. According to sizes, each park
takes about 3—7 days observation to conclude all identifiable fern indi-
viduals in the data collection. As some ornamental ferns are commonly
found as garden adornments, we limit our censuses to include only spon-
taneous ferns/vegetations (Robinson & Lundholm 2012). Consequently,
individuals obviously planted in pots (as maidenhairs, Adzantum) or tied
on tree trunks (as staghorns, Platycerium) were excluded. However, care-
ful considerations were taken when dealing with adults, juveniles and
(especially) sporelings of the escaping naturalized ornamental. These in-
dividuals, when clearly free living, even though from ornamental/planted
parents, are included in the data collection. All individuals living within
the park perimeter, including high up on the roof of tree branches or
down below sewer system walls were recorded their species names and
their habitats, as terrestrial (on ground), epiphytes (on trees), lithophytes
(on rocks, concretes, walls, rooftiles or other stone-like materials), or
combinations; and photographed. The photos were crosschecked with the
description in Flora of Malaya vol II. Ferns of Malaya (Holttum 1966) and
Panduan lapangan paku-pakuan (Pteridophyta) di Taman Margasatwa Ra-
gunan (Agatha et al. 2019). Nomenclature follows POWO (2023). When
it is thought to be difficult to identify through photos, herbarium speci-
mens were taken to be identified in the lab. Herbarium sheets were de-
posited at the Herbarium Biologi Universitas Negeri Jakarta (JUNJ).

Study Sites Map
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Figure 1. The study locations are at 8 urban parks in Kecamatan (Subdistrict) Slawi, Kabupaten (Regency) Tegal,
Central Jawa.
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Species encountered were arranged into a present-absent matrix
against park names (Table 1). The matrix was then processed using clus-
tering method in R 4.3.1 (R Core Team 2023). We used Euclidean for dis-
tance calculation, and /clust command in R for UPGMA dendrogram
construction.

We obtained the exact area sizes of the parks from the official rec-
ords deposited in the Tegal Regency Environmental Service. The Nor-
malized Difference Vegetation Index (NDVI; Gessesse & Melesse 2019;
Johansen & Temmervik 2014) values for each park were calculated using
QGIS 8.10 (QGIS.org 2023). Images of each park acquired from Landsat
8 of the year 2022 (USGS 2022) were made into raster layers. Data en-
tried into QGIS was NIR (Near Infrared Reflectance) band spectral 5 and
RED (visible red reflectance) band spectral 4. NDVI was obtained by cal-
culating both bands in raster calculator using formula:

(NIR — RED)
(NIR + RED)

To verity the NDVI result, we did an actual angiosperm census,
covering the ornamental plants planted by park managements. All orna-
mental angiosperms living in each park were recorded carefully not to
pass a single species. Large canopy arboreal species in the park such as
Magnolia champaca, Ficus benjamina or Dialium indum or shrubby Annona
muricata and Wrightia religiosa planted within a park (Appendix 1) may be
important in determining park microhabitat for spontaneous fern species.
However, this census did not cover the smaller spontaneous weedy angi-
osperms.

The NDVI values used in this study are the mean NDVIs, which
were tested, along with ornamental angiosperm species number and park
area sizes on Pearson’s correlation and simple regression test against
fern species numbers. Statistics tests were done in R 4.3.1.

NDVI =

RESULT AND DISCUSSION
Species number and habitat of urban Slawi ferns
Eight parks in Slawi, Tegal, Central Java, harbor 24 species belonging to
7 tamilies of Leptosporangiate ferns (Table 1). No Lycophytes and Eu-
sporangiate ferns were encountered. The 7 families in all parks are typi-
cal of urban environment, as no forest families such as Hymenophyllaceae
(Proctor 2012) and Cyatheaceae (Lehnert et al. 2013) were found. All
species and families encountered in Slawi is of the same species and fami-
lies with other urban habitat in Java, as in Jakarta (Andayaningsih et al.
2013; Agatha et al. 2019). This indicates that urban Slawi park fern com-
munities are unable to maintain continuity with its adjacent forest com-
munities, as in neighboring Mount Slamet, about 50 km to the south,
where fern species composition is much diverse (Budiana & Sukarsa 2012;
Sungkono et al. 2012; Praptosuwiryo 2013; Sedayu et al. 2022). Ferns in
urban Slawi perhaps stand as a distinct type of urban fern community
different from forest community. In biogeography point of view, this
means that urban Slawi, environment is highly managed according to
anthropogenic needs that no forest species can immigrate and establish in
eight parks, despite the ability of most ferns to disperse long distance us-
ing their airborne spores. In this sense, eight parks in Slawi, Tegal are
justified to be defined as anthropogenic islands, with hypothetically, for-
ests in the neighboring Mt. Slamet as the “mainland”, where the genetic
variability, i.e. spore rain of various fern species may be sourced.

Only 2 species found in all parks are terrestrial. As in parks, terres-
trial habitat is reserved for managed ornamentals, trees, shrubs, and
ground covers, it is logical that intensively managed parks harbor lowest
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species of spontaneous vegetation, especially ferns. Furthermore, in com-
petition with other spontaneous spermatophyte vegetation, ferns lower,
because ferns intrinsically with inferior ecophysiological features, i.e., in-
efficiency in the two-stage life cycle (Watkins et al. 2007) and inferior
vascular system (Watkins et al. 2010), compared to spermatophytic spon-
taneous vegetation. It is why, when spontaneous vegetation establishes in
a suitable terrestrial habitat, ferns are less competitive compared to sper-
matophytes, hence lower species number in terrestrial habitat of a highly
managed park.

Living on trees, the epiphytic lifestyle has provided less competi-
tion compared to terrestrial lifestyle. It is why more epiphytic species
found in 8 parks (4 species). In Indonesia, fern species is second behind
orchids as the most diverse vascular epiphytes (Bohnert et al. 2016), and
sometimes number one exceeding orchids in succession environment as
in Krakatau (Partomihardjo et al. 2004). Living on trees exposed epi-
phytes to low light and water scarcity. That is why only specialized spe-
cies like orchids and ferns can live as epiphytes. And as lower competition
occurs on trees, the diversity of epiphytic ferns is logically higher com-
pared to the terrestrials.

Amongst all habitats, the lithophyte habitat has the highest fern
diversity (11 species). As ferns are known as successive species, with the
ability to thrive in difficult situations, it is not surprising that they are
found in a higher number of species. This lifestyle also posed ferns on
less competition with spermatophytes, as less spermatophytes are special-
ized in lithophyte lifestyle. Furthermore, we observe many ferns are
found not only as (horizontal) lithophyte, but also as wall (vertical) litho-
phyte, meaning they anchored on a vertical stony substrate as sewer wall.
This is double hindrance for the spermatophyte, as wall is not only stony
-like substrate, but also permanent shade for the lithophytes. It is why
many of our park ferns are found on rather dark and super humid sewer
walls where no spermatophytes thrive. This phenomenon of ferns occu-
pying man made solid substrate is not only in Indonesia, but also in India
(Morajkar et al. 2015), and probably in other part of the world. Two oth-
er habitats are combination of terrestrial-lithophyte (6 sp.) and epiphyte-
lithophyte (1 sp.). This confirms the importance of lithophytic lifestyle
for ferns in competition with other spermatophyte spontaneous vegeta-
tion in urban setting, that the combination habitats always include litho-
phyte, and no combination as terrestrial-epiphyte encountered. Our find-
ing may be similar to what was found in India where lithophytic ferns
composed the most important life-forms, compared to other life forms,
such as terrestrial, epiphyte and aquatic (Anjum et al. 2014).

We found 4 alien ferns (16.6%; Table 1) on our list of spontaneous
ferns in eight parks in Slawi. Some introduced species as Adzantum latifo-
lzum (Muhaimin 2017), might easily established in urban green spaces
including parks, however in low species number, as revealed by our ob-
servation. The reproduction pattern and ecophysiology of fern might be
important in explaining why unlike in spermatophyte, where alien spe-
cies is major contributor in urban species number (Gleditsch et al. 2023),
alien ferns are not highly represented in this study.

Similarity between urban parks

The composition of fern species in each park is depicted in Figure 2., as a
visualization of the data in Table 1. GOR Trisanja Park, the park with
the most (17) species is placed on the basal most branch of the dendro-
gram. The second basal is Alun-Alun Hangawana Park, which harbors a
similar number of species to Railway Tunnel Park and Bungah Park.
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However, Alun-Alun Hangawana Park is placed second most basal in the
dendrogram. This is due to the uniqueness of the park in harboring the
only individual of Pyrrosia longifolia and P. stigmosa, which are absent in
other parks. Both P. longifolia and P. stigmosa are epiphytic Polypods un-
common to urban habitats and encountered more in rural or forested area
(Jannah et al. 2015; Salamah et al. 2020). This uniqueness is the reason
why Alun-Alun Hanggawana Park is different from other parks, aside
from GOR Trisanja park which species numbers exceed other parks.
Drynaria quercifolia, a quite handsome epiphyte, is the most common spe-
cies found in all parks and serves as the unitying species for all clusters.

Two major park clusters in Figure 2 are the cluster of [Taman
Rakyat Slawi Park [Slawi GBN Park, SMA1 Slawi Crossroad Park]]
and the cluster of [Poci Roundabout Park Railway Tunnel Park, Bun-
gah Park]7]. Again, in these major clustering, species number is not the
unifying factor, as the parks with lowest fern species (SMA 1 Slawi
Crossroad Park and Poci Roundabout Park) are placed on a different
cluster. Species composition is important in defining similarities between
parks. This similarity analysis is important in terms of urban biodiversity
management. Some wild species of ferns are quite handsome with orna-
mental potential and might be left alone in managed areas as additional
ornamental plants. Similarity between parks might be a tool in defining
which park is more impoverished or, alternatively, with unique species
compared to others. This, along with species richness will serve an im-
portant recommendation to park managements on how to attract native
vegetation to urban environment. In general, the occurrence of native
plant species in an urban habitat will attract other native animal species;
and native species in an urban habitat will suppress introduced alien spe-
cies (Ossola & Niemeld 2017).

Relationship between NDVI, ornamental angiosperm species, area
and fern species number

NDVI is a standardized measure in quantifying vegetation healthiness
and has been used widely in conjunction with classical vegetation sur-
veys. Several surveys have exhibited the correlation of NDVI with spe-
cies richness, as in butterflies and birds (Seto et al. 2004) and in plants
(Pau et al. 2012) including forest ferns (Oldekop et al. 2012). This can be
interpreted as the higher the NDVI, which means the healthier the vege-
tation, the more species of plant live in the area, including ferns. This is
not the case in ferns in Slawi’s parks, as we found that there is no signifi-
cant correlation between NDVI and fern species number (Table 2; Pear-
son r=0.691, p=0.058). This means that urban fern species number in
Slawi parks is not determined by NDVI. Pau et al. (2012) reveals that
while their research showed NDVI has positive correlation with the spe-
cies number in Hawaiian dry forest species, they believe that the actual
driver in determining species number are other abiotic factors as precipi-
tation. This may also be the reason behind the non-significant relation-
ship between NDVI and fern species number. However, this research
does not propose any factor (as precipitation) possible as alternative fac-
tors.

The NDVI analysis is further confirmed by the i nsignificant Pear-
son’s correlation (p=0.7) between the species number of angiosperms
(Table 2, Appendix 1) planted in each park and the species number of
ferns. It turns out that planted angiosperm species as the major associat-
ed species of fern community does not rule the species richness of the
ferns in a park. NDVI is an indirect measurement of an area “greenness”;
and when measured directly as the total richness of planted ornamental
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GOR Trisanja Park

angiosperms (Table 2), both measures are not significant correlates to
the fern species richness. Indeed, our angiosperm survey did not cover
total angiosperm species richness, as smaller spontaneous angiosperms,
generally weedy species, were not covered. However weedy angiosperms
are usually much smaller in posture compared to tree and shrubby angio-
sperm ornamentals which posture may determine the park microhabitat
crucial, undoubtedly important for spontaneous fern community.

In our case, apparently the fern species number in Slawi parks is
related to area, a major factor in island biogeography in determining spe-
cies number. The Pearson correlation test for area versus species number
is significant (Table 2; Pearson r=0.891, p=0.003), with simple regres-
sion values: R? =0.806, IF(1)=24.907, p=0.002. This means that the area
of a park is a determining 80.6% variance in a park species number, as
plotted on Figure 3.

In island biogeography, isolation and area size are considered the
most important drivers of the species number (MacArthur & Wilson
1967; Whittaker & Fernandez-Palacios 2007). As we deliberately appoint
our study areas in only a single kecamatan (subdistrict) (Figure 1), reduc-
ing the effect of isolation, we believe that our study is ideal in demon-
strating the effect of urban anthropogenic island size to the diversity of
spontaneous fern species, in urban environment. Anthropogenic islands
are essentially biodiversity islands resulting from fragmentation of sur-
rounding area into urban structure and infrastructure. Some urban spe-
cialists and rural or forest immigrants, including ferns, can utilize these
islands and subsequently integrated into the park biodiversity. It is a
general rule that the more species living in an urban habitat, the healthi-
er the urban habitat 1s. In turn, healthier urban habitat will affect better

Alun-Alun Hanggawana -
Park
Taman Rakyat Slawi
Park
Slawi GBN Park
SMA 1 Slawi
Crossroad Park
Poci Roundabout Park
Railway tunnel Park
Bungah Park

Figure 2. Park clustering based on fern species presence-absence.
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human health and well-being (Brown & Grant 2005).

The relationship between area size and species number (Figure 3)
explicitly illustrates the importance of park size in harboring biodiversi-
ty. We can see that on the left side where park sizes are smaller, the
smaller number of ferns are observed. Conversely, at the furthest right
point, GOR Trisanja Park which area is largest, harbors largest number
of fern species.

It is interesting why NDVI, and further, the species number of or-
namental angiosperms are not correlated to fern species richness as the
area size. NDVI and ornamental angiosperm species are definitely
measures of associated species cohabitate the spontaneous ferns in a park.
Ferns in general need humid environment provided by other large trees,
that a park with more plant species logically provides more niche for
terns. This may not be the case in urban parks, as there are areas man-
aged and less managed (Sedayu et al. 2022). In the ornamental trees,
bushes and shrubs are routinely managed. Pruning and cleaning may
clear epiphytic gametophytes and young sporophytes from tree surfaces.
It is why our census revealed more terrestrial and lithophytic ferns, inde-
pendent of host tree habitat, compared to epiphytes. However, these ter-
restrial and lithophytic ferns may thrive in parks in areas less managed
with suitable condition, especially humidity, such as man-made park’s
sewer wall or roofing. Indeed, study in forest environment revealed that
tree species richness is not correlated to fern species richness, however
tree species richness is correlated to epiphytic species richness (Williams-
Linera et al. 2005).

Since our finding illustrates the importance of area size (compared
to NDVI, the vegetation greenness), it is reasonable to propose that in
managing urban green spaces, the size of a park or other green spaces be

Table 2. NDVI, park area (m2) and fern species number in 8 observed parks in Slawi.

RN SP.
NO PARK NAMES NDVI Area (m?) ANGIOSPERM SP. NOs FEN OsS
1 GOR Trisanja Park 0.331 74,174.81 6 17
2 Poci Roundabout Park 0.2139 4,400.00 12 5
3 GBN Park 0.2139 4,098.06 18 7
4 Alun-Alun Hanggawana Park 0.1687 15,426.18 18 9
5 Railway tunnel Park 0.2679 800 5 9
6  Bungah Park 0.3098 4,550.00 19 9
7 SMA 1 Slawi Crossroad Park 0.1837 228.02 6 4
8  Taman Rakyat Slawi Park 0.1309 4,000.00 7 8
18
_____ o
ws e
14 y=0,0001x+6,5993 .o
gl e
Ew| e
c e Lo
S 8| o
o i
2 6
2 o
4 0
2
0
0 10.000 20.000 30.000 40.000 50.000 60.000 70.000 80.000

area size (m?)

Figure 3. The area-species relationship of the fern community in 8 urban parks in Slawi. Trendline in dash line.
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in a reasonable size to shelter many more urban spontaneous species. In
Slawi, only 2 parks with size exceeded 1 ha (GOR Trisanja Park,
74,174.81 m? and Alun-Alun Hanggawana Park, 15,426.18 m?), while a
study advised that an affective park size in attracting biodiversity is
about 1.08 ha (Yao et al. 2022). This is because, as a rule, the larger the
anthropogenic island, as any other functional islands, the more species it
can shelter.

CONCLUSION

The species of spontaneous ferns in 8 urban parks in Slawi are composed
of 24 species. The species composition arranged in similarity clustering
showed that species number and composition is important in defining
parks uniqueness. The relationship between NDVI and species number is
non-significant, while area-species is significant. This indicates that the
tern species richness in urban parks is highly determined by the area size,
as a biogeographical measure. To further invite more native biodiversity,
it is advisable for park managements and designers to take account of
species uniqueness and area size of a park into important design and
management decision-making.
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