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ABSTRACT

The paper presents the ecological characteristics of the vascular macrophyte flora of
the protected habitat "TiSina". This area territorially belongs to the municipality of
Samac (Bosnia and Herzegovina). The protected habitat covers an area of 196.49
hectares and is located at an altitude of 85 m. The previous investigation of the flora
of this area recorded the presence of 49 macrophytes. Ecological indices are provided
according to Ellenberg, while data on life forms are taken from Oberdorfer. The
research established the dominance of species in the submontane belt of temperate
broad — leaved forests. The most abundant species are those on frequently flooded
soils, and in terms of the chemical reaction of the soil, it can be concluded that there
is a dominance of plants that grow mainly on basic soils. Regarding nutrient
relationships, mesotrophic plants and plants from habitats moderately rich in
nitrogen minerals are equally represented. In the studied area, there is a significant
presence of species that require full daylight and those that are tolerant to shade. The
most present in the studied area are sub-oceanic and oceanic-sub-oceanic species. In
relation to the ecological index for salinity, most macrophytes in the research area
are halophobic. Analysis of the biological spectrum of macrophytes revealed the
dominance of hydrophytes.
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INTRODUCTION

The protected habitat "Tisina" is located in the northern part of Bosnia and
Herzegovina and belongs to the municipality of Samac (Map 1). The total area of the
protected habitat is 196.49 hectares. It is located at an altitude of 85 m. The area of
the municipality of Samac geographically belongs to the southern edge of the
Pannonian plain, in the area called Posavina. The relief is predominantly plain.
Dominant type of soil is black soil, rich in humus. The climate is humid continental
with clearly defined seasons. The average amount of precipitation is about 700-800
mm. The average temperature is around 10.7 °C.
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Map 1. Location of the protected habltat "Tigina" (1 25 000)

TiSina - swamp-pond complex consists of Velika TiSina and Mala TiSina, as well as
Odmut pond and the occasional Zandrak watercourse. This area represents one of
the few continental ponds and swamps of natural origin, in the floodplain of the Sava
River. It can be said that Velika TiSina, Mala Tisina and Odmut make up the river
arm of the Sava. Velika TiSina, pond, shaped like a horseshoe, has a length of about
2.5 km with an average width of about 200-300 m. Odmut pond is characterized by
its impermanent and changing shape.

The oldest data related to the research of the TiSina flora date from Sendtner,
Formanek, Proti¢ (1928) and Maly, who collected plant material in the area of the
Velika Tisina pond and made an inventory of the flora. Detailed studies of the flora
were carried out by Bjelci¢ (1956), she recorded 150 plant species. The Republic
Institute for the Protection of Cultural, Historical and Natural Heritage of the
Republic of Srpska carried out multidisciplinary research that lasted from 2010-
2011. year. On this occasion, the vascular flora was treated in detail. 236 species
were identified and classified into 3 classes, 179 genera and 71 families. The
diversity of the vascular flora of the Tisin Protected Habitat was studied by Maric
and Petronic (2020). Habitat types of European importance in the area of the Tisin
protected habitat were given by Bratic et al. (2016).

In 1985, the municipality of Samac (then Bosanski Samac) declared the Tisina pond
a "natural rarity”. In 2019, the Government of the Republic of Srpska passed the
Decision on the passing of the protected area of category IV, "Protected habitat of
TiSina", which was published in the Official Gazette of the RS no. 83/19. According
to the Law on Nature Protection, a protected habitat is an area that includes one or

76



AGROFOR International Journal, VVol. 10, Issue No. 2, 2025

more types of natural habitats important for the preservation of one or more
populations of wild species and their communities.

A total of 236 species of plants, 130 species of birds, 8 species of amphibians, 4
species of reptiles and 21 species of fish were registered within the TiSina and Odmut
complex (Kovacevic et al. 2019).

MATERIALS AND METHODS

The study utilized existing literature data, which showed the diversity of the vascular
flora (Kovacevic et al. 2019; Maric i Petronic, 2020). Ecological indices were given
according to Ellenberg (Borhidi, 1993), while data on life forms were taken
according to Oberdorfer (2001). Indicator values of plant species according to
Ellenberg (Borhidi, 1995) were represented by indices for basic ecological
parameters, such as temperature, moisture, soil reaction, nitrogen content in the soil,
light intensity, continentality, and salinity. Ecological indices according to Ellenberg
are given on scales of 1 to 9, or 1 to 12 (moisture index). Species names were
adjusted according to the nomenclature from Euro+Med PlantBase (2006-2024).

RESULTS AND DISCUSSION
Previous research on the flora (Kovacevic et al. 2019; Maric i Petronic, 2020) of the
Protected Habitat "Tisina" recorded 49 macrophytes. An overview of macrophytes
with ecological indices and life forms are given in Table 1.

Table 1. Overview of macrophytes within the Protected Habitat "TiSina"
Ecological indicator values

. Life
No. Plant species T R|N K
B WB BB LB B SB| form
1. | Alisma plantago-aquatical.| 5 | 10 | 6 | 8 | 7 | 4 | 0 | Hyd, G
2. | Butomus umbellatus L. 6|10 | 6 |7 |6|5]|0|HydG
3. |Carexflava L. 51 9 |8]4]18]|]2]|0 H
4. | Carex pseudocyperus L. 6|10 |6 |5|7|3|0 'Eg;j
Carex riparia Curtis 7] 10 4 310 lEH;j

6. |CeratophyllumdemersumL.| 7 | 12 | 8 | 8 | 6 | 4 | 0 |Hyd, G

Eleocharis palustris (L.) R.
Br. 6110 |7 |5|8|5|1|HydG

Epilobium parviflorum
Schreb. 519 |7 |5|7|3]0]H(Ch)

9. |Equisetum palustre L. 41 9 |6]3|7]|5]|0 G
10. Glyceria maxima (Hartm.) 5108|7940 |Hydc

Holmb.
11 Il:lydrocharls morsus-ranae | ¢ | 19 [ 7717140 Hyd
12. | Iris pseudacorus L. 6| 9 |6|7|7]|3]|0 Hyd
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13. | Lemna gibba L. 6 |11 |78 |7 |3]0]|HydT
14. | Lemna minor L. 5111 |7 |6 |7 |3]|0|HydT
15. | Lemna trisulca L. 5111 |7 |6 | 8| 3|0 |HydT
16. |Lycopus europaeus L. 6| 9 |6 |7 |7|5]|0|HydG
17. | Lycopus exaltatus L. 6| 9 |66 ]7]6|0]|HHyd
18. | Lycopus exaltatus L. f. 6| 9 |66 |7 ]|6]0]|HydG
19. | Lysimachia nummularia L. 6| 7 | 8|4|5]|4]0 H
20. | Lysimachia vulgaris L. 5|1 8 |[6|4|6|5]|0 H
21. | Lythrum salicaria L. 519 |7]4|7|5]|1 H
. H
22. | Mentha aquatica L. 519 | 7147|130
| (Hyd)
23. | Myriophyllum spicatum L. 5112 |8 |5|5|4]|0 Hyd
o4, II\_/IyrlophyIIum verticillatum 519 |7]a|7]3]0]|Hydc
25. | Najas marina L. 7112 7|6 |5|4]|1 Hyd
26. | Nuphar lutea (L.) Sm. 6|11 |78 |8|4]|0 Hyd
27. | Nymphaea alba L. 7111 (7|7 |18]|3]|0 Hyd
28. | Oenanthe aquatica (L.)Poir.| 6 | 10 | 7 | 5| 7 | 5| 0 Hyd
29 Persicaria dubia (Stein) 6l o l7171713!0 T
Fourr.
30. Persicaria hydropiper (L.) sl g |715l714al0 T
Delarbre
31 Persicaria hydropiper (L.) sl g l7!5074lo0 T
Delarbre
3 Persicaria lapathifolia (L.) 6l s l6lslslalo T
Delarbre
33 Phragmites australis (Cav.) 501 |7[5|7|4]|1]|Hydc
Steud.
34. | Potamogeton crispus L. 5112 |76 |6 |3]|1 Hyd
35. | Potamogeton natans L. 4112|746 |5|0]|HydT
36. | Ranunculus repens L. 5|1 8 |66 |6]|4]|1 H
37 Rorippa  amphibia  (L.) 6l1wlslsl7!l7!o0 Hyd
Besser (H)
38. | Rumex hydrolapathumHuds. | 7 | 10 | 7 | 7 | 7 | 3 | 0 | Hyd, H
39, E)(;n(;enoplectus lacustris (L.) 511077 ]8|3]|2|Hydc
Schoenoplectus lacustris
40. subsp. glaucus (Sm.) Bech. 7|10 6 6|3 |HydG
41. | Sium latifolium L. 6|10 | 7|8 | 7|40 Hyd
42. | Sparganium erectum L. 6|10 |6 |5|7]|4]|0 Hyd
Spirodela  polyrhiza (L.)| _ i L L
43 | scheid. Hyd T
44. | Typha angustifolia L. 7110 7|7 |8|5]|1 Hyd
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45. | Typha latifolia L. 610 | 7|8]8|5]|1] Hyd
46. |UtriculariaaustralisR.Br. | 6 | 12 | 7 | 5| 7 | 5| 0 Hyd
47. | Utricularia vulgaris L. 6|12 |7 |5|7|5]|0 Hyd
48, \L/eronlca anagallis-aquatica 6| 9 717|730 |HydGc
49. | Veronica beccabunga L. 51107 |6 |7]|3]|0]|HydG

The ecological analysis of macrophytes in the studied area was conducted based on
ecological indices for temperature, soil moisture, soil reaction, mineral nitrogen
content in the soil, light regime, continentality and salinity (Table 2).

Table 2. Indicator value of ecological indices of the macrophyte flora of the
researched area

” Ecological indices
L B WB RB NB LB CB SB B
SN N N N N N N N
> % % % % % % % %
0 0 0 0 0 0 0 0
79.1 79.1
0 - |- - - |- 38 |5 7
16.6 16.6
1 T ) T 8 |7 7
2. - |- - 1 |208 |1 [208 2.08
33.3
3. - - 1 |2.08 - 16 | 1 |2.08 2.08
16.6 312
4. |2 |417 - - 8 | - 15 ¢ - 2
5. |18 | 375 e 32'9 3 |625 [12 |25 |- 18
6. |21 33'7 12|25 |9 28'7 7 é4'5 3 |6.25 |- 21
145 60.4 229 58.3
717 |g 1 |208 |29 |, 1 |5 28 |3 1 [208 |- 7
145 16.6 187
8. 3 6257 |3 8 | 9 |g - |- -
9. 14 59'1 - |- 1 208 /- |- -
10 35.4
. 17 |5 - |- - - |- -
11 6 |125 |- |- - - - -
12 ; é4'5 I ] I ]
> |48 100 [48 [100 |48 [100 [48 [100 |48 [100 [48 [100 |48 [100 |48 | 100
% 5.69 9.94 6.90 5.94 6.96 4.06 0.27 5.69

The analysis of ecological indices for temperature indicates the dominance of species
with an ecological index TB6 (43.75%). These are plant species of the submontane
broad leaved forest belt. Species of the montane mesophilous broad-leaved forest
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belt (TB5) also have significant representation (37.5%). The species of the
thermophilous forest or woodland belt (TB7) (14.58%) and species of the montane
needle-leaved forest or taiga belt (TB4) (4.17%) are not significantly represented.
The mean value of the ecological index for temperature is 5.69, which means that
the macrophytes of the studied area are predominantly mesothermal species.
Regarding the moisture index values, the most prevalent are plants of frequently
flooded soils (WB10) (35.42%). The second most common are species with an index
of WB9 (29.17%) which are plants of wet, not well aerated soils. The third place
(14.58%) is occupied by plants of most wholly submersed in water (WB12). Plants
with floating or partly emergent leaves (WB11) are in the fourth place (12.5%), while
plants of moist soils tolerating short floods with an index of WB8 (6.25%) and plants
of moist soils not drying out and well aerated (WB7) (2.08%) are not significantly
represented. The mean value of the moisture index is 9.94. This value indicates that
macrophytes in the studied area develop in wet habitats, which is expected given that
they are species of aquatic habitats.

Regarding the chemical reaction of the soil, there is a dominance of basifrequent
plants, mostly on basic soils with an index RB7 (60.42%) and neutrophilic plants
with an index RB6 (25%), which grow mostly on neutral soils but also in acid and
basic ones, more or less indifferent plants. Plants of basiphilous sites with an index
RB8 are present with 14.58%. The average value of the environmental factor for soil
acidity is 6.90. Based on this, we can say that the macrophytes of the researched area
predominantly inhabit basophilic habitats.

In terms of the ratio of plants to nutrients, mesotrophic plants with an index of NB5
and plants with an index of NB7 are equally represented making up 22.92%., and
these are species from habitats moderately rich in nitrogen minerals. Habitat types
moderately rich in nutritious nitrogen minerals (NB6) make up 18.75%. Types of
submesotrophic habitats (NB4) and types of fertilized habitats (NB8) are equally
present with 16.67%. The average value of the ecological factor for soil acidity is
5.94. Based on this, we can say that the macrophytes of the studied area
predominantly inhabit basophilic habitats.

In terms of light as an ecological factor, halflight plants, mostly liying in full light
but also shadow tolerants (LB7) have significant representation (58.33%). The
second most common are light plants with photosynthetic minimum above 40%
relative light intensity, less only in exceptional cases (LB8) (18.75%). Halfshadow-
halflight plants with photosynthetic minimum between 10 and 40% relative light
intensity (LB6), are present with 14.58% while halfshadow plants receiving more
than 10% but less than 100% relative light intensity (LB5), are represented by 6.25%.
Full-light plants (LB9) are not significantly represented (2.08%). The average value
of ecological indices for light intensity is 6.96, indicating that the macrophytes of
this area are predominantly full daylight species that are tolerant to shade.
Regarding the continentality index, species with indices CB3 (33.33%) and CB4
(31.25%) dominate. These are suboceanic species that predominantly inhabit Central
Europe but reaching to East and oceanic-suboceanic species these are in whole
Central Europe. Species of the intermediate type with slight suboceanic-
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subcontinental character (CB5) are present with 25%. Subcontinental species (CB6)
are present with 6.25%. Oceanic species with an index CB2, mainly found in
Western Europe and the western part of Central Europe, and continental-
subcontinental species with an index CB7 are not significantly represented (2.08%).
Regarding the ecological index for salinity, most macrophytes in the studied area are
halophob species (SB0) (79.17%) not occurring in salty or alkalic soils.

The analysis of the biological spectrum of macrophytes (Chart 1) established the
dominance of hydrophytes (Hyd) (74%), which is expected since macrophytes are
plant species of aquatic habitats. In second place are hemicryptophytes (H) (15%),
whose presence coincides with the climatic conditions of the researched area, the
biological spectrum of Bosnia and Herzegovina and the Balkan Peninsula (Dikli¢,
1984). Therophytes (T) (9%) and geophytes (G) (2%) are not significantly
represented.

Chart 1. Biological spectrum of macrophytes

CONCLUSION
The protected habitat "TiSina" is located in the northern part of Bosnia and
Herzegovina and belongs to the municipality of Samac. The protected habitat covers
an area of 196.49 hectares and is located at an altitude of 85 m. The previous
investigation of the flora of this area recorded the presence of 49 macrophytes. In the
macrophyte flora of the studied area, mesothermal, basic, mesotrophic, halophobic,
suboceanic, and oceanic-suboceanic species dominate. Also, the most prevalent are
species of wet habitats as well as species that thrive in full daylight but are tolerant
of shade. The analysis of the biological spectrum of macrophytes established the
dominance of hydrophytes, with hemicryptophytes being the second most common.
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