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The studied Kraljevec Forest Park represents an urban forest complex located in the immediate 
vicinity of the very center of the city of Zagreb. It is situated in a colline belt zone and floristically 
belongs to the Epimedio-Carpinetum betuli community. The survey of vascular flora was conducted 
during the 2023 vegetation season, recording a total of 262 vascular plant taxa, classified into 78 
families and 188 genera. The dominant life forms are hemicryptophytes (40.13 %) and geophytes 
(17.39 %), while the prevailing floristic elements are Eurasian (47.08 %) and European (17.51 %). Alien 
species constitute 24.05 % of the flora. Moreover, urbanization indices reveal that the proportion of 
moderately to strongly urbanophobic taxa (35.29 %) is more than twice as high as that of moderately 
to strongly urbanophilic taxa (14.9 %). Thirteen invasive species were recorded (Juncus tenuis, Acer 
negundo, Bidens frondosa, Galinsoga ciliata, Solidago gigantea, Impatiens balfourii, Robinia pseudoacacia, 
Phytolacca americana, Reynoutria japonica, Duchesnea indica, Veronica persica, Ailanthus altissima, and 
Parthenocissus quinquefolia), along with two potentially naturalised species with invasive potential 
(Glyceria striata and Rosa multiflora). Seven species are listed under IUCN threat categories: two as 
Vulnerable (Taxus baccata and Ilex aquifolium) both of which are also strictly protected in Croatia, 
three as Least Concern (Galanthus nivalis, Poa annua, and Serratula tinctoria), one as Near Threatened 
(Cyclamen purpurascens), and one as Data Deficient (Aira caryophyllea). The results of this study con-
tribute to the knowledge of the urban flora of Zagreb and support the recommendation for the offi-
cial designation of Kraljevec Forest Park as a protected area.
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Gradiščaj, N., Essert, S. & Hruševar, D.: Vaskularna flora Park šume Kraljevec (Zagreb, Hrvat-
ska). Nat. Croat., Vol. 35, No. 1, 101-122, 2026, Zagreb.

Istraživana Park šuma Kraljevec predstavlja dio urbanih šuma centra grada Zagreba, a nalazi 
se u brežuljkastom pojasu i vegetacijski pripada zajednici Epimedio-Carpinetum betuli. Istraživanje 
vaskularne flore Park šume Kraljevec provedeno je tijekom vegetacijske sezone 2023. godine kada 
su zabilježene ukupno 262 svojte vaskularnih biljaka, svrstanih u 78 porodica i 188 rodova. Domi-
nantni životni oblici su hemikriptofiti (40.13 %) i geofiti (17,39 %), a prevladavajući florni elementi su 
euroazijski (47,08 %) i europski (17,51%). Udio alohtonih svojti iznosi 24,05 %, a indeksi urbanizacije 
pokazuju da je udio umjereno do izrazito urbanofobnih svojti više nego dvostruko veći (35,29 %) 
od umjereno do izrazito urbanofilnih (14,9 %). Zabilježeno je 13 invazivnih vrsta (Juncus tenuis, Acer 
negundo, Bidens frondosa, Galinsoga ciliata, Solidago gigantea, Impatiens balfourii, Robinia pseudoacacia, 
Phytolacca americana, Reynoutria japonica, Duchesnea indica, Veronica persica, Ailanthus altissima i Parthe-
nocissus quinquefolia) i dvije potencijalno naturalizirane vrste s potencijalom da postanu invazivne 
(Glyceria striata i Rosa multiflora). Sedam je vrsta s IUCN kategorijama ugroženosti; dvije su osjetljive i 
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zakonom strogo zaštićene vrste u Hrvatskoj (Taxus baccata i Ilex aquifolium), tri imaju najmanji stupanj 
zabrinutosti (Galanthus nivalis, Poa annua i Serratula tinctoria), jedna je vrsta blizu ugroženosti (Cycla-
men purpurascens), a za jednu ne postoji dovoljno podataka (Aira caryophyllea). Rezultati ovog istraži-
vanja doprinose poznavanju urbane flore Zagreba i podržavaju preporuku za službeno proglašenje 
Park šume Kraljevec zaštićenim područjem.

Ključne riječi: bioraznolikost, ekološki indeksi, florni elementi, indeksi urbanizacije i antropoge-
nizacije, kronoelementi, urbana flora, životni oblici

INTRODUCTION

The City of Zagreb is the capital of the Republic of Croatia, covering an area of 
641.32 km² and inhabited by 767,131 people according to the most recent census con-
ducted in 2021 (Odjel za statističke i analitičke poslove, 2022). Zagreb is home to 
22 Forest Parks extending approximately 20 kilometers in an east–west direction and 
about nine kilometers north–south. These green islands are separated by city dis-
tricts, although some are spatially more connected, forming larger green complex-
es. These small forested oases are of high economic, social, scientific, and ecological 
value (Matić, 2010). Due to their significance and sensitivity, some of Zagreb’s Forest 
Parks are protected under the General Urban Plan of the City of Zagreb (Anonymous, 
2019). For others, such as the Kraljevec Forest Park examined in this study, it is recom-
mended that they be officially reclassified into the park forest category, which confers 
the status of a protected area at the county level. This recommendation is based on 
various characteristics that make these areas worthy of protection, including biolog-
ical, ecological, aesthetic, stylistic, artistic, and cultural-historical features (Anony-
mous, 2019).

Over the past decade, the urban flora of the City of Zagreb has been studied only 
sporadically (Hudina et al., 2012; Alegro et al., 2013; Vuković et al., 2013; Budisavljević 
et al., 2017; Justić et al., 2020; Essert et al., 2023). To date, floristic studies have been 
conducted in only three Forest Parks—Dotršćina (Budisavljević et al., 2017), Jeleno-
vac (Justić et al., 2020), and Tuškanac (Essert et al., 2023)—all of which, including the 
Kraljevec Forest Park studied herein, are situated along the southern slopes of Mount 
Medvednica.

MATERIALS AND METHODS

Study area
The Kraljevec Forest Park is located just 2.5 km from the city’s main square and 

forms part of the central forest complex within the central part of Zagreb (Fig. 1). 
The total area of the Kraljevec Forest Park is 48 hectares, situated in a hilly zone at 
an elevation ranging from 180 to 238 meters above sea level. Of the total area, 66.28 
% is publicly owned, while as much as 33.72 % remains under private ownership 
(Mihetec, 2022).
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Fig. 1. Position of Kraljevec Forest Park, marked with red line.

According to Köppen’s geographical classification of climate types, both the City 
of Zagreb and the Kraljevec Forest Park belong to the Cfb climate category, which de-
notes a temperate oceanic climate with warm summers. This climate type is charac-
terized by an average January temperature above −3 °C and an average temperature 
of the warmest month below 22 °C (Šegota & Filipčić, 2003). According to data from 
the Croatian Meteorological and Hydrological Service, the highest average monthly 
precipitation recorded at the Zagreb Grič station occurs in June (95.2 mm), while the 
lowest is observed in February (46.5 mm) (Državni hidrometeorološki zavod, 2024). 
Annual precipitation amounts range from 520.8 mm (in 2011) to 1,387.4 mm (in 1937), 
with an average value of 886.7 mm (Bonacci & Roje-Bonacci, 2019). These values are 
based on long-term data covering the period from 1862 to 2017.

The Kraljevec Forest Park area belongs to the Euro-Siberian–North American veg-
etation region and, in terms of climate-zonal vegetation, is classified within the col-
line belt of sessile oak forests. It is particularly associated with the most prominent 
community of this belt: the Illyrian sessile oak and common hornbeam forest [Epime-
dio-Carpinetum betuli (Horvat 1938) Borhidi 1963] (Franjić & Škvorc, 2010), prevailing 
forest vegetation for the colline belt of Central Croatia from the later High Middle 
Ages until nowadays (Hruševar et al., 2020).

Flora Research
The flora of the Kraljevec Forest Park was surveyed during several field visits con-

ducted throughout the 2023 vegetation season. Floristic investigations included both 
the forest interior and its edge zone, extending from the outermost woody species to 
the adjacent roads delimiting the Forest Park (within a width of approximately 1–3 
meters).



104 GradišËaj, N. et al: Vascular flora of Kraljevec Forest Park (Zagreb, Croatia)

For species identification and taxonomic analysis, the following references were 
used: Javorka & Csapody (1991), Domac (1994), Rothmaler (1995) and Nikolić (2020). 
Taxonomic nomenclature and classification were aligned with Nikolić (2023).

To classify life forms, we applied Raunkiaer’s (1934) classification system, with 
determinations based on Landolt et al. (2010). In the referenced literature, hemicryp-
tophytes are divided into short-lived and long-lived types; however, for the reason 
of easier comparison with other urban flora studies, we merged them into a single 
category in this study.

Chorological classification (geoelements, geographical floristic elements) follows 
Landolt et al. (2010), and is adjusted according to Horvatić (1963) i Horvatić et al. 
(1967-1968). 

Chronoelements (i.e. chronological floristic elements) were determined using Med-
vecká et al. (2012), with taxa classified into four categories: Spontaneophytes (sp) – na-
tive species with no tendency to colonize transformed anthropogenic areas; Archae-
ophytes (ar) – non-native species naturalized before the year 1500; Kenophytes (kn) 
– non-native species naturalized after 1500; Diaphytes (df) – occasional alien species 
recorded after 1500, occurring sporadically.

Geographic origin of alien species was identified based on Medvecká et al. (2012). 
We also analyzed ecological indicator values, divided into climate indices and soil 

indices. The climatic indices determined for each taxon were: temperature (T), conti-
nentality (K), and light (L); while the soil-related indices included: moisture (F), mois-
ture variability (W), soil reaction (pH) (R), and nutrient availability (N). All ecological 
indicator values were obtained from Landolt et al. (2010).

Human impact on habitat conditions was assessed using Landolt et al. (2010). Taxa 
were categorized into five groups: strongly urbanophobic (species found exclusively 
in natural habitats), moderately urbanophobic (species occurring in natural habitats 
and sites with low human impact), urbanoneutral (species present in both natural and 
anthropogenically influenced habitats), moderately urbanophilic (species predomi-
nantly found in habitats heavily altered by human activity) and strongly urbanophil-
ic (species occurring exclusively in highly anthropogenically transformed habitats).

Anthropogenic impact indices were determined according to Jackowiak (1990, 
2006), and the formulas used for index calculation are presented in Tab. 1.

Invasive species were identified according to Boršić et al. (2008).
Categories of threat were determined using data from the Red Book of Vascular 

Flora of Croatia (Nikolić & Topić, 2005).
Protected species were identified based on the Regulation on Strictly Protected 

Species (Anonymous, 2016), while endemic species were determined according to the 
Flora Croatica Database (Nikolić, 2023).

If a species lacked relevant data in the listed sources for a given analysis, that spe-
cies was excluded from the respective analysis.
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Tab. 1. Formulas for calculating values of anthropogenization indices (Jackowiak, 1990; 2006).
(Ar – archaeophytes, Kn – kenophytes, Df – diaphytes, Sp – spontaneophytes, An – number of alien 
species, Mt – number of metaphytes, IAnt – index of total anthropogenization, IAnp – index of per-
manent anthropogenization, IArt – index of total archaeophytization, IArp – index of permanent ar-
chaeophytization, IKnt – index of total kenophytization, IKnp – index of permanent kenophytization, 
IM – modernization index, IF – fluctuation change index)

Index Description Formula
1.1. IAnt Proportion of alien species in the total flora IAnt = (An/(Sp + An))×100
1.2. IAnp Proportion of naturalized alien species in the total flora excluding 

diaphytes
IAnp=(Mt/(Sp+Mt))×100

2.1. IArt Proportion of archaeophytes in the total flora IArt=(Ar/(Sp+An))×100
2.2. IArp Proportion of archaeophytes in the total flora excluding diaphytes IArp=(Ar/(Sp+Mt))×100
3.1. IKnt Proportion of kenophytes in the total flora IKnt=(Kn/(Sp+An))×100
3.2. IKnp Proportion of kenophytes in the total flora excluding diaphytes IKnp=(Kn/(Sp+Mt))× 100
4. IM Proportion of kenophytes within the naturalized alien flora IM=(Kn/Mt)×100
5. IF Proportion of diaphytes in the total flora IF=(Df/(Sp+An))×100
An number of alien species An=Ar+Kn+Df
Mt number of alien species permanently present at a given site Mt=Ar+Kn

RESULTS AND DISCUSSION

The floristic survey of the Kraljevec Forest Park documented a total of 262 taxa, 
belonging to 78 families and 188 genera. The majority of taxa are Angiosperms (96.18 %), 
whereas Gymnosperms and Pteridophytes are equally represented (1.91 %) (App. 1). 
Compared to other studied park forests in Zagreb, a lower number of species has been 
recorded: Tuškanac – 173 taxa (Essert et al., 2023), Dotrščina – 202 taxa (Budisavljević 
et al., 2017), and Jelenovac – 255 taxa (Justić et al., 2020). The slightly higher number of 
species recorded in this study may be attributed to the inclusion of species occurring 
along the forest edge, as well as the presence of degraded habitats within the forest 
caused by anthropogenic activities and/or the impact of storm Teodor in 2013.

Among the Angiosperms, dicotyledons constitute the majority (83.73 %), with 211 
species across 60 families, followed by monocotyledons (16.26 %), comprising 41 spe-
cies in 12 families. The most species-rich families are Rosaceae, Asteraceae and Poace-
ae (Fig. 2). In the nearby Tuškanac Park Forest (Essert et al., 2023), the most represent-
ed families follow the same order: Rosaceae (8.1 %), Asteraceae (7.5 %), Poaceae (6.4 %), 
and Lamiaceae (5.2 %). In contrast, in Dotrščina Park Forest (Budisavljević et al., 2017), 
following the most dominant family Rosaceae (6.4 %), the next most represented fam-
ilies are Fabaceae (5.9 %), Poaceae (5.9 %), and Cyperaceae (5.4 %).
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Fig. 2. Representation of the most common families in the Kraljevec Forest Park.

The analysis of life forms in the Kraljevec park forest shows that the most frequent 
are hemicryptophytes, geophytes, and therophytes (Fig. 3). The highest proportion 
of hemicryptophytes (40.13 %) was expected for the temperate climate characterizing 
the Kraljevec Forest Park area. Geophytes (17.39 %), which include numerous spring 
ephemerals recorded in the study area, rank second in terms of abundance, which is 
also expected given their survival strategy under unfavorable conditions, matching 
the climatic conditions of their habitat (Budisavljević et al., 2017). The proportion of 
therophytes at 14,72 % and their third-place ranking indicate a low to moderate an-
thropogenic influence on the flora (Hruševar et al., 2018). The representation of pha-
nerophytes at as much as 14.38 % corresponds to the fact that the study area belongs 
to a forest community (Matić & Anić, 2010).

Fig. 3. Representation of life forms in the vascular flora of Kraljevec Forest Park.
(c–herbaceous chamaephytes, d–nanophanerophyte-hemicryptophytes, e–epiphytes, f–chamae-
phyte-hemicryptophytes, g–geophytes, h–hemicryptophytes, n–nanophanerophytes, p–phanero-
phytes, t–therophytes, z–woody chamaephytes)

Chorological analysis (Fig. 4, App. 1) revealed that the majority of taxa belong to 
the Eurasian floral element (47.08 %), as is also the case in Tuškanac Forest Park (37.16 
%) (Essert et al., 2023), Jelenovac (27.45 %) (Justić et al., 2020), and Dotrščina (44.1 %) 
(Budisavljević et al., 2017). This was expected given the geographical location of the 
city of Zagreb. The next most represented are plants of the European floral element 
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(17.51 %), followed by cultivated and adventive plants (12.45 %), whose representation 
is similar to that in Tuškanac Forest Park (14.86 %), somewhat lower than in Jelenovac 
Forest Park (18.04 %), and significantly higher than in Dotrščina Forest Park (5.9 %). 
The higher percentage of cultivated and adventive plants is a result of the proximity 
to urban areas and, consequently, the cultivation of various plant species in home 
gardens, included in our species list. Additionally, Kraljevec Forest Park has been 
degraded in several places due to human influence, as well as natural disasters (such 
as the Teodor storm in 2013), making certain areas suitable habitats for the establish-
ment of various neophytes, which do not belong to the natural and expected forest 
vegetation of the studied area.

Analysis of chronoelements (Fig. 5, App. 1) revealed that spontaneous species (75.95 
%) dominate among the recorded taxa in Kraljevec Forest Park, meaning that native 
species comprise the largest proportion of the total flora. A similarly high percentage 
of spontaneous species was recorded in Tuškanac Forest Park (84.4 %) (Essert et al., 
2023). Alien species (diaphytes, archaeophytes, and kenophytes) account for 24.05 %, 
which is higher than the results obtained for Tuškanac Forest Park (15.6 %). This can 
be explained by the fact that this study included the forest edge flora where alloch-
thonous species, which colonize degraded and less stable habitats, are more common.

Fig. 4. Chorological spectrum of the flora of Kraljevec Forest Park.

Fig. 5. Representation of chronoelements in the 
vascular flora of Kraljevec Forest Park.

Fig. 6. Geographical origin of vascular flora in 
Kraljevec Forest Park.
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The analysis of geographical origin for alien species shows that most non-native 
species originate from Asia and Europe (Fig. 6, App. 1).

Calculation of average ecological indicator values (App. 1) revealed that the most 
prevalent plant species in Kraljevec Forest Park are those adapted to submontane 
belt temperatures (T=3.74). This is unsurprising, as the study area belongs to the sub-
montane vegetation zone (Matić & Anić, 2010). The highest proportion of species 
with suboceanic to subcontinental distribution (K=2.88) aligns with local conditions 
- moderate winter temperatures, moderate air humidity, and moderate diurnal/sea-
sonal temperature fluctuations (Landolt et al., 2010). This is further supported by the 
dominance of species thriving in moderately moist soils (F=3.03) with intermediate 
moisture variability (W=1.67). The prevalence of semi-shade plants (L=3.02) reflects 
the forest community flora (App. 1). Most species occur in slightly acidic to neutral 
soils (R=3.38) with moderately low to moderately high fertility (N=3.35). No species 
adapted to alpine/nival zone temperatures or flooded areas were recorded. Similarly, 
species requiring highly acidic soils (pH = 2.5–5.5) are absent in Kraljevec Forest Park.

Urbanoneutral species dominate in Kraljevec Forest Park, while strongly urbano-
philic species are rare (1.57 %) (Fig. 7, App. 1). These results indicate a predominance 
of species typical of natural habitats or areas with minimal anthropogenic influence. 
Comparable findings were reported for Tuškanac Forest Park, where urbanoneutral 
species accounted for 45.9 % and strongly urbanophilic species only 1.7 % (Essert et 
al., 2023). The mean urbanity value for Kraljevec Forest Park is 2.69 (App. 1), placing it 
between moderate urbanophobicity and urbanoneutrality.

Fig 7. Levels of urbanity of the flora of Kraljevec Forest Park.

Anthropization indices are presented in Tab. 2. The relatively large difference be-
tween the calculated total indices (IAnt) and permanent values of anthropization, 
archeophytization, and kenophytization for Kraljevec Forest Park (Tab. 2) suggests 
that in addition to permanent populations, sporadic populations are also present. 
This is further supported by the high fluctuation change index (9.16), which indicates 
the proportion of diaphytes in the total population. The modernization index value 
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of 41.03 represents the proportion of kenophytes in the alien flora, showing that keno-
phytes are less numerous than archaeophytes (Hruševar et al., 2018). A comparison 
of anthropization indices calculated for Tuškanac Forest Park (Essert et al., 2023) and 
Kraljevec (Tab. 2) reveals that all index values are lower for Tuškanac. We conclude 
that the higher proportion of native taxa (spontaneous species) in Tuškanac results 
from both the inclusion of an extensive forest edge zone along roadways in this study 
area and the more pronounced storm damage from the 2013 Teodor event in Kralje-
vec, which created intermittent canopy openings that are less evident in Tuškanac.

Tab. 2. Anthropization index values calculated for Kraljevec Forest Park and comparative values 
from adjacent Tuškanac Forest Park (Essert et al., 2023).

Anthropization index values Kraljevec Tuškanac
IAnt - Total Anthropization Index 24.05 15.6
IAnp - Permanent Anthropization Index 16.38 12.6
IArt - Total Archeophytization Index 8.77 8.1
IArp - Permanent Archeophytization Index 9.66 8.4
IKnt - Total Kenophytization Index 6.11 4.0
IKnp - Permanent Kenophytization Index 6.72 4.2
IM - Modernization Index 41.03 33.3
IF - Fluctuation Change Index 9.16 3.5

The study area recorded 13 invasive species, accounting for 4.98 % of the total flo-
ra. The invasive species in Kraljevec Forest Park include: Juncus tenuis, Acer negun-
do, Bidens frondosa, Galinsoga ciliata, Solidago gigantea, Impatiens balfourii, Robinia pseu-
doacacia, Phytolacca americana, Reynoutria japonica, Duchesnea indica, Veronica persica, 
Ailanthus altissima, and Parthenocissus quinquefolia (App. 1). The percentage of invasive 
species is very similar in Tuškanac Forest Park and Dotrščina (4 %), while two other 
surveyed urban locations in Zagreb show approximately double the values: Jarun – 
7.74 % (Vuković et al., 2013) and Savica – 8.68 % (Alegro et al., 2013). Those areas have 
more open habitats and artificial water bodies and have undergone significant hu-
man-induced vegetation changes, making them more susceptible to invasive species 
compared to climate-zonal forest systems.

Two potentially invasive species were also observed: Glyceria striata and Rosa mul-
tiflora, both already have invasive status in neighboring Slovenia (Strgulc-Krajšek et 
al., 2016). The discovery of G. striata marks its first record in the continental biogeo-
graphical region, though it had been previously observed in the alpine region of Gor-
ski Kotar in 2015 (Šegota et al., 2016). Rosa multiflora was first documented in the Savica 
and Maksimir Park of the Zagreb area in 2020 (Hruševar et al., 2021), representing its 
first record in Croatia. While their naturalization and invasiveness in Croatia remain 
uncertain, their presence in Kraljevec Forest Park, combined with their invasive sta-
tus in Slovenia, highlights the need for population monitoring to prevent potential 
threats to biodiversity. Endemic taxa were not recorded. 

Seven species with IUCN threat categories were identified: two Vulnerable and 
strictly protected species in Croatia (Taxus baccata and Ilex aquifolium), one Near 
Threatened (Cyclamen purpurascens), three Least Concern species (Galanthus nivalis, 
Poa annua, and Serratula tinctoria), and one Data Deficient (Aira caryophyllea) (App. 1). 
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These findings support the proposal to designate Kraljevec Forest Park as a protected 
area (Anonymous, 2019).

Despite their ecological and recreational importance, Zagreb’s Forest Parks, includ-
ing Kraljevec, show signs of degradation. Storm damage, particularly from the 2013 
Teodor storm and subsequent summer storms, has left noticeable clearings. Mainte-
nance appears inconsistent, with publicly owned areas in better condition than pri-
vate plots (Mihetec, 2022). Given their immense ecological, social, and educational 
value, these Forest Parks require regular, ecologically sound management (Matić, 
2010). Proper upkeep would not only preserve biodiversity but also enhance recre-
ational and educational use - this forest’s accessibility makes it particularly suitable 
for educational school field trips. With climate change increasing storm frequency, 
proactive management is essential to safeguard these vital green spaces.

CONCLUSION

The investigation of the vascular flora of the Kraljevec Forest Park has revealed 
considerable floristic diversity, with a total of 262 recorded taxa. The dominance of 
hemicryptophytes and the Eurasian floristic element is consistent with the region’s 
geographical position and climate. A notable proportion of urbanophilous and alien 
species, including 13 invasive (Juncus tenuis, Acer negundo, Bidens frondosa, Galinsoga 
ciliata, Solidago gigantea, Impatiens balfourii, Robinia pseudoacacia, Phytolacca americana, 
Reynoutria japonica, Duchesnea indica, Veronica persica, Ailanthus altissima, and Partheno-
cissus quinquefolia), and two potentially invasive taxa (Glyceria striata and Rosa multiflo-
ra), indicate a significant anthropogenic influence and raise concerns about potential 
threats to native vegetation and the degradation of the local floristic composition. 
Furthermore, the presence of two strictly protected species (Taxus baccata and Ilex 
aquifolium) in Croatia as well as seven species listed under some IUCN threat catego-
ries highlights the ecological value of this area.

The results of this comprehensive floristic survey underscore the importance of Kral-
jevec Forest Park as an important component of Zagreb’s urban green infrastructure and 
provide additional justification for its formal designation as a protected area. Continued 
monitoring of the flora, particularly in the context of climate change and anthropogenic 
pressures, will be essential for preserving its biodiversity and ecological function.

Received May 5, 2025
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