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Abstract

:

In the face of a rapidly changing global environment, detailed research into the actual role of protected areas (PAs) in preventing the destruction of ecosystems and the loss of biodiversity became particularly important. Using 304 phytosociological relevés of oak forests from SW Poland, we monitored their state of preservation reflected by the share of synanthropes (Ws-c index) in relation to (i) duration of protection, (ii) status of protected area, (iii) main topographic factors, and (iv) bedrock type. We show that the Ws-c index of studied forests depends primarily on the habitat conditions, especially bedrock type, while both the duration and status of protection are not relevant. The most disturbed are forests developing on serpentine substrates regardless of whether they are protected or not. Within the rest of the investigated sites, the Ws-c index is significantly lower and does not meaningfully differ between protected and unprotected areas. On the one hand, our results suggest that the fact of establishing protection does not ensure a favourable state of conservation of forest communities. On the other hand, well-preserved forest communities can also be expected outside PAs what makes them an important target for nature protection in the future.
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1. Introduction


It is considered that protected areas (hereafter PAs) are of the particular importance of conservation biology due to their role in reducing the decline in biodiversity in various types of ecosystems and species extinction rates [1,2]. It is also assumed that they give an opportunity for constant provisioning of ecosystem services of high quality [3,4,5,6]. Therefore, it seems obvious that PAs have become one of the main tools used in nature conservation in the face of rapid changes in the global environment. By 2020, it is planned to increase the surface of protected terrestrial areas and inland water as well as coastal and marine areas up to 17% and 10%, respectively [7]. However, the relations between the management of PAs and the effectiveness of protection reflected by the decline in loss of biodiversity have been still poorly recognized [8]. According to the recent studies, the number and surface of PAs worldwide appear to be insufficient for the protection of animal populations [8,9,10,11], just as they do not always reduce the destruction of habitats [12], despite the fact PAs are often established in places of very low economic potential [13]. On the other hand, it is assumed that the PAs network is efficient when it comes to the protection of forest communities, at least in terms of protecting their already existing area [8,14] and is positively correlated with the date of establishment of PA [15]. Therefore, we wondered whether the PAs network was also effective in protecting the quality of preserved communities expressed in the combination of native plant species, especially since the location within PA does not exclude other threats to biodiversity, e.g., invasion of alien species, including invasive neophytes [3,15,16,17,18].



For this purpose, we monitored the state of preservation of oak forests (both acidophilous and thermophilous) in three types of protected areas, from strictly protected natural reserves, through landscape parks to Natura 2000 (hereafter N2000) sites and unprotected forest complexes in SW Poland. The oak forests of this part of Poland are well-recognized in terms of species composition, ecological diversity and distribution [19,20]. Therefore, they can be a model object in monitoring research which enables to capture full of their variability in different aspects including a degree of their anthropogenic disturbance.



The main goals of this study were (i) to determine, to what extent PAs with a different date of establishment and status of protection contribute to a favourable state of conservation of studied forest communities. We expected that the older and more strictly protected the area, the forest communities are better preserved within it; (ii) to test which other factors the condition of studied forest communities depends on.




2. Materials and Methods


2.1. Subject of Research


The research was conducted within acidophilous and thermophilous oak forests (belonging to Quercion roboris and Quercion petraeae alliances, respectively) in the Sudetes and their foothills (SW Poland, Figure 1). These forest communities represent one of the most valuable elements of Central European vegetation marked by the unique plant species combination and richness. For instance, in thermophilous oak forests, more than 70 species on 200 m2 can be recorded [20]. Due to their high biotic values, they are protected as Natura 2000 habitats (9190 Old acidophilous oakwoods with Quercus robur on sandy plains and *91I0 Euro-Siberian steppic woods with Quercus spp.) under the European Union Habitats Directive [21].



Oak forests were intensively managed from the Middle Ages to the mid-20th century, mostly as coppice, coppice-with-standards forests or wood pastures [22,23]. In the coppice system trees after cutting regenerate vegetatively growing shoots from the stool or the root system. It causes that the same tree can be cut several times (in a short rotation of 10–30 years) without losing its ability to grow new shoots [24]. This traditional type of management generated both socioeconomic and ecological benefits. The former related to the role of oakwoods as a source of firewood and tanbark [24,25]. The latter was reflected by the creation of very diversified habitat conditions on a relatively small area, which resulted in the simultaneous occurrence of species with different ecological requirements. This was mainly caused by specific light conditions which can be characterized as the shifting mosaic of light and dark phases, soil disturbance and nutrient uptake [22,26].



Due to long-term economic use, most of the studied communities are ancient forests, at the age exceeding 250 years. However, because the coppicing was still conducted in the early 20th century, the age of the stands ranges from 90 to 120 years currently. For this reason, oak forests of the studied area are usually found within larger forest complexes with an area from 1 to 100 sq. km. Therefore, they rarely border open areas, which can be the source of anthropophytes.



Depending on their locality, they prefer warm and dry (or moderately mesic) habitats from steep, south-facing slopes with shallow, skeletal or sandy soils to loess plateaus. They do not occur on north-facing slopes, where they are replaced by oak-hornbeam forests.




2.2. Data Collection


We used 304 phytosociological relevés of studied communities which were collected according to the Braun-Blanquet approach [27] within forest communities with at least 80% of tree layer consisting of oak species [20]. The area of most relevés was 200 m2 and was adapted to those values proposed by Chytrý & Otýpková [28] for forest communities. All the relevés are available via the Polish Vegetation Database [29].



Among topographic parameters, we used heat load index (HL), slope aspect and slope inclination. The basic data on topography was obtained from a numerical model of terrain (NMT). The HL index which shows direct solar radiation reaching the site during the year, taking into account latitude, slope, and exposure of the slope was calculated from the formula of McCune & Keon [30]. The values of aspect were transformed along the N-S line, folding 0–360 to 0–180 such that NE = NW, SE = SW, etc. The slope inclination was obtained from the NMT directly. Altitude was not included in further analyses due to strong correlation with the distribution of ultrabasic bedrocks (ρ = 0.37, p < 0.001).



Based on the criterion of mineral composition such as content of quartz, potassium feldspars, plagioclase [31], rocks were classified into three categories: (i) acidic (e.g., granite, rhyolite, gneiss, sandstone, conglomerate and mudstone), (ii) basic (basalt, andesite, trachyte, amphibolite, spilite, greenstone and greenstone schist), and (iii) ultrabasic (serpentine).



The monitoring covered seven nature reserves, five landscape parks and 14 N2000 sites. These are all PAs of the studied area where oak forests occur. Therefore, the monitoring can be considered representative of the region. It should be also emphasized that the mentioned PAs are nested areas in character. The earliest established nature reserves of small surface are surrounded by landscape parks which in turn are the part of N2000 sites with an even larger area, constituting a buffer zone for the remaining, previously established PAs. Therefore, in cases when PAs with different protection status overlapped, we classified them into the highest protection status. Among all collected relevés 281 plots were located within at least one PA, whereas 23 plots (7.6%) were outside any form of protection. Considering the date of creation, PAs were divided into three main periods. The first applies to the years 1957–1962, when the first three nature reserves were created (21 relevés), the second covering the years 1981–1992 falls on the period of creation of landscape parks (141 relevés), while the third covering the years 2000–2004 is the time of creation of N2000 ecological network and the rest of nature reserves (119 relevés).




2.3. Data Analysis


As an objective indicator of the disturbance of plant community, we used a Ws-c index which describes the percentage share of non-forest species—native and alien—in a single vegetation plot in relation to the total number of species [32]. The Ws-c index is used in the analysis of the degree of anthropogenic changes of the flora and plant communities in Europe e.g., [33,34], including forest communities [35]. The Ws-c index was calculated as follows:


  W s − c =     A p + A   S p + A   * 100 % ,  



(1)




where Ws-c – percentage share of synanthropes; Ap – number of native non-forest species in a single relevé; A—number of alien species in a single relevé; Sp—number of native species in a single relevé



The list of anthropophytes and non-forest native species used to calculate the Ws-c index (Appendix A) was prepared based on Zając & Zając [36], Mirek et al. [37], and Tokarska-Guzik et al. [38].



Since the output data did not match with the normal distribution, we used non-parametric methods—Spearman’s rank correlation, Kruskal–Wallis test for equal medians with Dunn’s post hoc test and Wilcoxon signed-rank test—all embedded in PAST 3.0 software [39].





3. Results


We found no correlation between the Ws-c index and both the duration and type of protection. Instead of that, the obtained results reveal that the percentage share of synanthropes is mainly connected with the type of bedrock and (weakly) with HL index (Table 1).



The Ws-c index significantly differs when we compare the type of protection or its lack combined with bedrock type (Kruskal–Wallis test H = 28.53, p < 0.001,). The oak forests occurring on soils derived from ultrabasic (serpentine) rocks significantly stand out among studied communities (according to the results of Dunn’s post hoc test). Irrespective of their location in the strictly protected nature reserves or unprotected areas with regular forest management—the mean value of the Ws-c index is 11.16% and 14.15%, respectively), comparing to oak forests occurring on other types of substrate (mean Ws-c from 1.78% to 5.1%) (Figure 2).



After excluding oak forests occurring on ultra-basic soils from the analysis, the remaining oak forests developing on other types of substrates did not show statistically significant differences in the percentage of synanthropes (Kruskal–Wallis test H = 4.458, p = 0.73), regardless of what type of area (with various protection status or unprotected) they occur in.



The negative correlation of the Ws-c index with the HL index (Table 1; Figure 3) is weak but suggests that the share of synanthropes increases as the HL index decreases. In other words, oak forest communities which develop on the slopes with lower inclination and exposure more strongly deviated from SW direction are more disturbed and their Ws-c index achieves higher values.




4. Discussion


The share of synanthropes in the studied oak forests depends primarily on the conditions of the habitat in which they occur, especially bedrock type, while both the length of the conservation period and the protection status (strict, landscape, habitat protection) are not relevant for their state of preservation. The obtained results are not isolated, but the analyses concerning the occurrence of synanthropes in forest communities within PAs are dispersed and demonstrated using different and as such difficult to compare methods. Kiedrzyński et al. [40] found an increase in the average coverage of synanthropic species in the Tomczyce reserve (Central Poland) from 5.1% to 8.6% over 40 years. The flora anthropogenization rate in the Skarpa Wiślicka reserve (Southern Poland), reaches almost 6% [41]; in the swamp forests of the Żurawiniec nature reserve (Western Poland), 45 years after its creation the neophytization rate achieves 10.5% [42]. In the fir forests of the Rudka Sanatorium reserve (Central Poland), the proportion of synanthropic species is 28.5% [43], whereas in the herb-rich beech forests of the Cisy reserve (Southwestern Poland) it achieves 9% [44].



However, the most important factor responsible for the changes in species composition seems to be invasion of neophytes. The issue of the rapid invasion of Impatiens parviflora into PAs of Central Europe was raised among others by Pyšek et al. [15], Obidziński & Symonides [45], Chmura & Sierka [46] and Łysik [47]. Impatiens parviflora is also often found in studied oak forests, constituting the most common of the listed neophytes. Moreover, according to Levine [48], ecosystems with the highest biodiversity may be the most vulnerable to invasion, and such are often protected in PAs. For instance, in the riparian forests in the Ojców National Park (Southern Poland) 42% of vascular plant species are anthropophytes [49], whereas in the Białowieża Forest—the last preserved lowland European forest with high degree of naturalness—they constitute 37% of the total number of plant species, even if they do not occur in the best preserved forest communities [50].



It, therefore, seems that PAs with a higher status of protection not always provide higher levels of biodiversity (understood as a high degree of naturalness of flora) as it was stated by Lecina-Diaz et al. [6]. Moreover, the results of Sallustio et al. [51], revealing that habitat quality depends on the intensity of the anthropogenic impacts and is sensitive to different protection levels are not confirmed in this study.



Of course, the proportion of synanthropes in forests subject to intensive anthropopressure may be even higher and vary (depending on the community and habitat conditions) between 49% and 60% [52], even if they are formally protected, e.g., due to their floristic values, like the Choczewskie Cisy reserve in Poland [44].



On the one hand, our results suggest that the fact of establishing protection does not ensure a favourable state of conservation of forest communities. On the other hand, well-preserved forests with a high degree of naturalness can also be expected outside PAs and hence they may become an important target for nature protection in the future [6,10,53]. It may also mean, that the current conservation status of forest communities assessed based on their cover, continuity in the landscape and role in provisioning ecosystem services, e.g., [4,5] should be treated with caution and may require an update, based on direct field research on their species composition. Despite putting great attention to invasion of neophytes [15,16,17,18], native non-forest invasive species may also change the character of forest communities and deteriorate their conservation status.



Although the HL index is correlated with both slope inclination and exposure (Wilcoxon test in both cases p < 0.001), the Ws-c index does not depend on topographic variables obtained from direct field studies. This highlights the role of synthetic indicators in ecological research, because they may provide information on factors affecting the habitat (in this case, the intensity of penetration of synanthropes into forest communities) that are not noticeable without their help. However, this is still surprising that the proportion of geographically and ecologically alien species in studied communities weakly depends on topographic factors reflected by the HL index.
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Appendix A


The list of species used in calculation of the Ws-c index (percentage share of synanthropes)



Neophytes




	
Amelanchier spicata



	
Conyza canadensis



	
Impatiens parviflora



	
Padus serotina



	
Pseudotsuga taxifolia



	
Quercus rubra



	
Robinia pseudacacia








Archaeophytes




	
Fallopia convolvulus



	
Solanum luteum



	
Vicia hirsuta



	
Viola arvensis








Species escaped cultivation (both native and alien)




	
Cotoneaster horizontalis



	
Malus domestica



	
Sorbus intermedia



	
Larix decidua








Non-forest native species




	
Aegopodium podagraria



	
Agropyron repens



	
Alliaria petiolata



	
Allium oleraceum



	
Anthriscus sylvestris



	
Arenaria serpyllifolia



	
Calamagrostis epigejos



	
Chaerophyllum aromaticum



	
Chamaenerion angustifolium



	
Dactylis glomerata



	
Galeopsis tetrahit



	
Galium aparine



	
Geranium robertianum



	
Geum urbanum



	
Holcus lanatus



	
Hypochoeris radicata



	
Rubus caesius



	
Sambucus nigra



	
Sarothamnus scoparius



	
Senecio jacobaea



	
Taraxacum sect. Ruderalia



	
Torilis japonica



	
Urtica dioica



	
Verbascum nigrum



	
Vicia cracca.
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Figure 1. Distribution of oak forest relevés within the investigated area on the background of N2000 sites. 






Figure 1. Distribution of oak forest relevés within the investigated area on the background of N2000 sites.



[image: Diversity 12 00006 g001]







[image: Diversity 12 00006 g002 550] 





Figure 2. The mean values of the Ws-c index (percentage of synanthropes) and standard error showed as whisker. The length of the whiskers is one sigma. Black – unprotected areas, red - nature reserves, green - landscape parks, blue – N2000 sites. 
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Figure 3. Spearman rank correlation coefficient of the heat load index (HL) with the Ws-c index (percentage share of synanthropes). Red line – linear bivariate model (slope 0.001, intercept 0.86). 
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Table 1. Spearman’s rank correlation of the Ws-c index (percentage share of synanthropes) with studied factors (duration and type of protection, bedrock type and topography).
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-

	
ρ




	
Duration and Type of Protection

	
-






	
Duration of protection (0–58 years)

	
0.072 n.s.




	
Nature Reserves

	
0.060 n.s.




	
N2000 sites

	
0.004 n.s.




	
Landscape Parks

	
−0.102 n.s.




	
Unprotected areas

	
0.098 n.s.




	
Bedrock

	
-




	
Ultrabasic

	
0.352 ***




	
Acidic

	
−0.145 *




	
Basic

	
−0.113 *




	
Topography

	
-




	
HL index

	
−0.145 *.




	
Aspect

	
0.017 n.s.




	
Slope [o]

	
0.002 n.s.








Explanation: n.s. - not significant; * - p < 0.05; *** - p < 0.001; ρ (rho) – Spearman’s rank correlation coefficient.














© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file4.png
I

]
20

|
15

1
10

OIpY |BJINSN dlIseqediin

Ws-c [%]





nav.xhtml


  diversity-12-00006


  
    		
      diversity-12-00006
    


  




  





media/file0.png





media/file2.png





media/file5.jpg
30

0.954

0.90 4

0.854

8 8
s s

Xaput TH

0.704

0.654

Ws-c [%]





media/file6.png
30

o
- &
°
® O
N
L0 R
L
Q
=
O
=
- L0
° -0
T - *©r 1< 1°r 1 1
nu o 1 o U o u o
®» & W W ~ ~ © o
o o o o o o o o

Xxopul TH





media/file3.jpg
apoy

feanoN

iseqenin

Ws-c [%]





media/file1.jpg





