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Abstract

:

The intensity of the neutral environment impact on humans may be determined by specific features of space, including dead wood occurrence. Dead wood is claimed to be disliked by the public because it reduces the scenic beauty and recreational values of the forest. The attractiveness of a forest with dead wood may be determined by its variants. Much is known about the preference for landscape with dead wood, but there is little information available about how such a landscape affects a person’s mental relaxation, improves mood, increases positive feelings, levels of vitality, etc. Hence, the aim of our research was to investigate the psycho-logical relaxing effects of short 15-min exposures to natural and managed forests with dead wood. In the study, three areas within the Białowieża Primeval Forest were used to measure the impact of different types of forest with dead wood (A: forest reserve with dead wood subject to natural decomposition processes; B: managed forest with visible cut wood and stumps; C: man-aged forest with dead trees from bark beetle outbreak standing) on human psychological relaxation in a randomized experiment. The participants of the experiment were forty-one young adults aged 19–20. Each respondent experienced each type of forest at intervals visiting it. Four psychological questionnaires were used in the project (Profile of Mood States (POMS), Positive and Negative Affect Schedule (PANAS), Subjective Vitality Scale (SVS), and Restorative Outcome Scale (ROS)) before and after the short exposure to the forest were evaluated. The results show that a forest landscape with dead wood affects the human psyche, and the relaxing properties of such a landscape are better in a protected forest with natural, slow processes of tree dieback than those obtained in managed forests
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1. Introduction


In recent years, a certain re-evaluation of previous functions performed by forests has been observed in many countries [1,2,3]. Forests traditionally used as a source of timber are increasingly serving as recreational areas. They are places for various forms of leisure activities, for example: walking, running, riding, biking, picking berries and mushrooms, hunting, and fishing. Recreational use of forests dramatically increased as a result of increased leisure time and urban infrastructure developments [4]. The non-productive, social functions of the forest enrich the labor market, provide a significant economic contribution to the local economy, are important for cultural development and environmental education of the public, and create profitable health and recreational conditions for the public. Contact with nature is extremely important for humans. Recreational outdoor activity in nature contributes to the renewal and preservation of mental health [5,6,7] as well as stress reduction [8,9,10]. Research showed that people’s moods and positive feelings are increasing in natural areas [7,8,11,12,13]. Son and Ha [14] found that increasing contact with nature serves to improve social and emotional interactions in modern society. As our knowledge about the positive impact of the natural environment on humans grows, there are also reports that the intensity of this impact may be determined by specific features of the space. Some scientists believe that the concept of “natural environment is therapeutic” cannot be accepted without some criticism [15]. Wyles et al. [16] points out that elements such as garbage appear in the natural environment, the presence of which may weaken the benefits of contact with nature. It seems that there may be more such elements. The results of the study of preferences regarding the aesthetics of forest landscape may be helpful in negative elements in nature. The research on forest landscape preferences is extensive (e.g., [17,18,19,20,21,22,23,24]). One of the elements of the forest landscape analyzed in this type of research was dead wood [21,22,25,26]. Pastorella et al. note [27], however, that people’s opinions about the presence of dead wood in forests are little studied.



The term dead wood refers to all non-living woody biomass not contained in the litter, either standing, lying on the ground, or in the soil. Dead wood includes wood lying on the surface, dead roots, and stumps larger than or equal to 10 cm in diameter [28]. A broad definition of dead wood and its components is presented by Merganičová et al. [29]. Overall, the dead wood can be subdivided into two main components: standing dead trees (snags) and lying dead wood (logs) [30]. Standing dead wood consists of standing dead trees, snags, and stumps, and lying dead wood includes downed dead trees, and lying dead wood pieces, which are often called logs [29].



Forest dead wood is an important indicator of the biodiversity level because it provides a habitat for many species. A wide range of plants and animals is strongly associated with standing and lying dead wood. Dying and dead trees, either standing or fallen and at different stages of decay, are valuable habitats (providing food, shelter and breeding conditions, etc.) for a large number of rare and threatened species: saproxylic insects, invertebrates, lichens, bryophytes, birds and mammals [31]. Dead wood is also a fundamental component of nutrient cycles, regulates water flows, prevents soil erosion, and contributes to carbon storage in the forest [30]. However, on the other side, dead wood is considered to be the cause of biotic and abiotic disturbances, an obstacle to forest management activities (i.e., reforestation, logging), and a threat to public safety (visitors and forest workers) [29]. For this reason in Europe, dead wood in forest ecosystems is traditionally perceived negatively by forest managers, because it may indicate “mismanagement, negligence, and wastefulness” of the applied forest management [29,31].



Dead wood is claimed to be disliked also by the public because it reduces the scenic beauty and recreational values of forests (e.g., [25,32,33,34,35,36,37,38,39,40,41]). On the other hand, dead wood is the second most photographed element of the forest, which highlights its important role in forest perception [26]. Public perception of natural dead wood may vary considerably according to the size and amount of the debris, the level of decay, the stand’s age, and whether additional information explained the debris’ value to biodiversity [40]. For example, research by Karjalainen [42] shows that if dead wood elements are sparsely distributed, they can serve as landmarks and increase a person’s ability to understand or read the landscape around them, and thus contribute to positive aesthetic perceptions. Dead wood enhancing the wilderness character of a forest stand and is also associated with sceneries of untouched natural forests or wilderness areas [43], where visitors can indulge in a sensation of being far away from a stressful daily life [39]. Schroeder and Daniel [44] found that people seem to like downed wood caused by natural events better than logging debris. Sheppard and Picard [45] proved that pests have a significant negative impact on the visual appeal of a landscape and thus potentially on the visitor experience. However, reductions in visual quality due to pest (especially beetles or gypsy moth) attacks may be outweighed by the high visual quality of the overall scene. Low levels of beetle damage may even enhance the visual quality of a landscape temporarily. In turn, Hauru et al. [46] proved that sites with fresh logs were considered more aesthetically appealing than sites with old or no logs.



Preference for a particular environment does not mean, however, that it is highly relaxing [47,48]. Martens et al. [47] believe that perceived attractiveness of the natural area did not affect the change in well-being, thus questioning the close relationship between perceived attractiveness and the effect on well-being suggested in prior research. More and less fatigued person’s well-being did not change. Little is still known about whether the dead wood lowers the remedial value of the forest, which can be measured using appropriate psychometric techniques, such as adjective mood scale (POMS), positive and negative feeling scale (PANAS), vitality scale subjective (SVS) or the restorative scale (ROS). For example, Martens et al. [47] analyzed whether the positive effect of ”wild” urban forest (not used economically for 6 years, thus showing a high amount of dead wood and no signs of economic use) and ”tended” urban forest (in commercial use and maintenance with visible signs such as piles of felled logs near the path) on human restoration and well-being differs. Results indicate a stronger change in “positive effect” and “negative effect” in the tended forest condition. Well-being factors such as “activation” and “agitation” also changed after walking alone in the forest. The stronger decrease of “negative effect”, including depression and anger items, in the ”tended” forest might be caused by the lower amount of dead wood, which could arouse sadness if people are not informed about the vital functions of dead wood [47]. Participants of both treatment conditions were not informed about the function of dead wood, and individual knowledge about dead wood was not known. In turn, Simkin et al. [48] compared the repair properties of old-growth forests and the mature commercial forest, which were both in rural areas. Both forests differed significantly in the amount of dead and decaying wood. Although the old-growth forest had much dead wood and woody debris, thus walking was more difficult in some places, it was not found to decrease its suitability for restoration. Research on social preferences in forest structures may be useful for forest management, e.g., to reduce the level of conflicts [17,49,50].



As the analysis of the literature shows, much is known about preferences regarding landscapes with dead wood, but there is little information about how such a landscape influences a person’s mental relaxation, improves mood, increases positive feelings, the level of vitality, etc. Research into landscape preferences indicates that that the attractiveness of a forest with dead wood may be determined by the variants of dead wood. Hence, the aim of this work is to investigate the restorative effects of short 15 min exposures to a natural forest and managed forest with dead wood. The aim is also to check if there is a difference in the remedial effects related to the variant of dead wood (option A: forest reserve with dead wood subject to natural decomposition processes; option B: managed forest with visible cut wood and stumps; option C: managed forest with standing dead trees from bark beetle outbreak). The following hypotheses were adopted in the study:



Hypothesis 1.

All analyzed forest areas with different variants of dead wood have a restorative effect on people (increase in perceived restorative results, subjective vitality and positive emotions, and a decrease in negative emotions).





Hypothesis 2.

There are differences between the restorative effects of the forest reserve, the managed forest with traces of maintenance and harvest cuts, and the forest with standing dead trees infested by the bark beetle.






2. Materials and Methods


2.1. Participants


Forty-one young people participated in the study. Volunteers who agreed to participate in the research were informed about the study goals as well as the procedure of its conduct before the beginning of the experiment. Participants in the research were young adults aged 19–20. The volunteers we recruited were both women and men, residents of rural areas, mainly in Białowieża community (inhabited by slightly more than two thousand people) and its surroundings. The vast majority of participants (except two people) have lived in the area since birth. We sent email invitation letters to several tourist guides and distributed the invitation through various social media channels. The invitation contained information about the date and place of the meeting, its purpose, and the expected duration of the experiment. Tourist restrictions due to the pandemic caused by the SARS-CoV-2 virus meant that there were no tourists or occasional visitors to Białowieża in our study. Only healthy people without mental or physical diseases or metabolic syndromes participated in the study. The participants did receive some incentives for participating in the study. These were small gifts in the form of notebooks and albums promoting tourism in Poland. All operations undertaken in the research were in accordance with the ethical standards of the Polish Committee for Ethics in Science and the Declaration of Helsinki from 1964 with further amendments.




2.2. Study Sites


The research was conducted in the northeastern part of Poland, in the forests of the Białowieża Primeval Forest (Figure 1). The forest is a unique area, with fragments of primeval forests preserved, there are also tree stands transformed by humans to a different extent. This element was very important for the achievement of the goal of our work, as it made it possible to find, in close range, both a fragment of a forest “untouched” by human hands, a reserve forest in which natural processes leading to tree dieback occur and their effect is a large amount of dead wood at various stages decay (location A) and the forest in which typical management is carried out, related to, among others, selective tree cutting (location B). In the managed forest, due to biodiversity, some of the cut-down wood remains in place, so there are visible traces of cuts in the form of lying logs or cut stumps. We also chose the Białowieża Primeval Forest because it has recently been the subject of social discourse, both national and international, in connection with its control by the bark beetle, which caused significant havoc in forest stands, including stands managed for timber production ones, outside the reserves or the Białowieża National Park. Therefore, to compare the restorative effect of a forest with dead wood, we also took into account the stand with dead trees infested by pests (location C).



The area on which we conducted the research is administered by the Regional Directorate of State Forests in Białystok, and it is within the reach of the Białowieża Forest District, Zwierzyniec precinct. All three locations are quite close to each other, approximately 12 min by car from the starting point where the pre-test was carried out. These three places differ in the way they are managed and the type of dead wood:



Location A—tree stand located in the Władysław Szafer Landscape Reserve. The reserve was established in 1969 in order to preserve, for landscape reasons, the natural forest complexes of the Białowieża Primeval Forest along the Hajnówka-Białowieża road. It is a nature reserve with active protection. There is no felling and no harvesting in the reserve. Recreational use is minor. The stands have a varied age and size structure of trees, with numerous monumental trees, 50% of the stand is 170-year-old hornbeam, apart from it, there is spruce and oak (see Figure 2a,b, Table 1).



Location B—a commercial forest where typical forest management is carried out, including timber harvesting. It is a forest dominated by spruce at the age of about 160 and also with an admixture of oak and pine at the age of over 200 (see Figure 3a,b, Table 1). It is a multi-layered stand with 15% of the area damaged by fungi. Some dead wood has been left here to increase the biodiversity of the forest. Recreational use is minor.



Location C—stand with many dead, mainly standing trees (see Figure 4a,b, Table 1). It is the result of the damage caused in the forest in recent years by the spruce bark beetle (Ips typographus L.). Infested trees were not removed; they were left behind because of protests by environmentalists. The stand has a multi-layered structure, typical of old forests. Recreational use is minor.



Weather data on the days of research (15 and 17.09.2020) was collected from the meteorological station at Białowieża (location: 52.70° N, 23.87° E). The outdoor temperature on 15.09. 2020 was 23 °C at 11 a.m. It was a sunny day with a 10% cloudiness. The SSE wind speed 6 km/h, and air humidity was 63%. Whereas the outdoor temperature on 17.09. 2020 was 15 °C at 11 a.m. It was a sunny day with 30% cloudiness. The NNW wind speed 22 km/h, and air humidity was 64%. The temperature in the examination rooms was on average 21.8 °C. The levels of sound and light intensity were measured using smartphone iPhone Xs Max by “Sound Meter” and “Light Meter” applications. Measurements inside the buildings and outside, in the forests, were carried out once, while outside several measurements of sound and light were taken in the crossings with other forest routes. The mean sound level (±SD) measured with the sound level meter indoors amounted to 58.12 ± 11.26 dB, while the mean sound levels in the first location were 55.33 ± 13.11 (location A) and 51.32 ± 5.14 dB (location B) and 53.27 ± 13.19 dB (location C). The mean light intensity indoors measured with the “light meter” amounted to 174.34 ± 36.80 lx (light was switched off in the examination room), whereas the mean light intensities in the first location amounted to 341 ± 51.09 lx (location A) and 460 lx ± 57.15 lx in the second location (location B) and 1115.33 ± 719.36 lx in the forest infested by bark beetle with standing dead trees (location C).





3. Procedure


The psychological condition of the participants was measured in rooms, before the experiment (pre-test) and just after its end (post-test). The experiment was carried out in two days. The respondents were randomly divided into groups. Each group visited all three sites in one day. Partial counterbalancing was used in the experiment. For example, for the first group it was a reserve forest, then a managed forest with lying dead wood, and then the forest stand infested by bark beetles with standing dead trees. The order of the exhibitions was dictated by logistical considerations, and efforts were made to maintain a similar travel time between consecutive exhibitions. Each participant viewed the forest landscape for approximately 15 min, sitting or standing a few meters distance from the others to have the chance to relax and act according to the researcher’s instructions. The stand was viewed from the nearby road. The participants were not allowed to use mobile phones during the study, neither could they talk to each other, drink energy drinks, or smoke cigarettes.



3.1. Measurements


Four psychological questionnaires were used to measure the effects of viewing of dead wood in the forest environment on psychological responses on the participants:



(I) The Polish version of D. Watson’s and L.A. Clark’s Positive and Negative Affect Schedule (PANAS) elaborated by Brzozowski [51] was used to evaluate the feelings of participants. It is composed of 20 questions of which the same number refers to positive and to negative feelings. Each question was evaluated with a five-point Likert type scale (1—strongly disagree, 5—strongly agree). The credibility and validity of the PANAS questionnaire are high [47]; this questionnaire has already been applied in many studies [48,52,53,54,55,56,57,58].



(II) Restorative Outcome Scale (ROS)—test contains six items, each of which is evaluated by the participants by a seven-point Likert type scale (1—very unlikely, 7—very likely). In the research, we used the scale modified for forest-related experience [53,54]. The modified scale was adapted to the Polish language [55]. According to Korpela et al. [11,59], it is a credible tool to evaluate the level of restorative outcome. This tool has been used previously concerning relaxing features of the forest environment [48,53,54,55,58].



(III) The Subjective Vitality Scale (SVS), a test for the evaluation of vitality, which reflects feelings of energy, vitality, and well-being, was used; namely, the version with four items (e.g., “I feel alive and vital” or “I look forward to each new day”), adjusted for research in forest areas [53,54]. Four items were evaluated by the participants with the use of a seven-point Likert type scale (1—very unlikely, 7—very likely).



(IV) The 65-position version of the Profile of Mood States questionnaire (POMS). The Polish adaptation of the questionnaire (originally compiled by D.M. McNair, M. Lorr, L.F. Droppelman) was performed by Dudek and Koniarek [60]. POMS is a credible and contemporary measure of mood state, used previously for the evaluation of the forest environment’s effect on individuals’ moods [53,54,55,58,61,62]. It is a tool that measures six subscales of mood state: confusion or bewilderment, fatigue, anger or hostility, tension or anxiety, depression or dejection, and vigor. For each question, a five-point Likert type scale was used to estimate the mood state of the participants from 0 (strongly disagree) to 4 (strongly agree).



The PANAS, ROS, SVS, and POMS questionnaires allow various time frames to be used, but, in this study, as in earlier studies [10,55,58], the used time frame was “at this particular moment”.




3.2. Data Analysis


Raw data retrieved from psychological questionnaires were used for statistical analysis purposes. To compare the measurements of the pre-test and post-test, a paired t-test was used. The distribution of data was similar to the normal distribution. A parametric, one-factor repeated measure ANOVA was conducted to analyze the effects of different expositions on the POMS, PANAS, ROS, and SVS scores. The psychological restorative effect of viewing of dead wood in the forest environment (locations A, B, and C) and effect in the room environment were compared. After ANOVA, post hoc comparisons using Tukey’s HSD test were conducted. Statistical analyses were accomplished with the use of SPSS Statistics (Version 25, Armonk, NY, USA). The analyses considered the results for which “p > 0.05” was statistically significant in both the ANOVA and post hoc tests.





4. Results


4.1. Profile of Mood States


The results of post hoc analysis conducted after ANOVA show that there were statistically significant differences in forest restorative effects involving dead wood in the two POMS subscales: tension and fatigue (Table 2). A statistically significant difference was also found in relation to the Total Mood Disturbance (TMD) score on the Profile of Mood States (POMS). It was noticed that the highest mean values of tension were recorded in the participants of the study, still at the pre-test stage, before going out into the field and exposure to the forest landscape (Table 2). Each time, exposure to the forest decreased the values of the tension parameter. Exposure to a stand infested by the bark beetle (C) caused greater tension in the participants of the study than exposure to a managed forest (B). The lowest mean value of the subscale was obtained in the case of exposure to the forest reserve (A) with visible traces of natural, slow decomposition processes of wood. The level of mean fatigue value before visiting the forest was also higher than that determined after the experiment, regardless of the variant depicting dead wood. This difference was also statistically significant. Here, however, in contrast to the tension factor, the greater value of fatigue was recorded in the case of the reserve forest (A), and the lowest with the managed forest with traces of intentional cuts (B). Considering all the scales, it was found that the TMD value before going to the forest was almost 40% higher than the one determined because of forest exposure, regardless of the observed variant of the landscape with dead wood. The lowest average value of this result was recorded for the forest reserve (A). The mean value of TMD in the managed forest (B) was very similar (only slightly higher) than that resulting from exposure to the forest landscape with standing dead trees infested with bark beetles (C).




4.2. Positive and Negative Effect Schedule


Significant interactions were observed for PANAS Positive score that increased significantly with forest exposure (Table 3). This indicator had the lowest mean value at the pre-test stage. Then, as a result of exposure to the forest, its value increased, assuming the highest average value in relation to exposure to the forest reserve (A). The lowest average value was recorded with exposure to a forest infested by bark beetles (C).




4.3. Restorative Outcome Scale and Subjective Vitality Scale


ROS and SVS significantly increased after viewing the forest with different variants of dead wood (pre-test vs. post-test, Table 4). The same letters after means, or no letters at all, indicate where there is no difference between means. A higher average value of ROS was achieved in the case of exposure to the forest reserve (A) with visible traces of natural, slow decomposition processes of wood. Among the three analyzed forest environments, this coefficient had the lowest value with a managed forest (B). The same was the case with SVS. The highest average value was that index in the case of exposure to the forest reserve (A), only slightly lower in the forest infested with the bark beetle (C) and the lowest in the managed forest (B).





5. Discussion


Our research provides further evidence that the forest significantly contributes to the regeneration of human mental strength. It turns out that with the current decline in biodiversity in the world, people derive their energy from landscapes that embody not only recreational functions, but also beneficial ecological functions (forest reserve). According to the results of our research, the total change of mood was highest in the forest reserve (A), where the natural, slow decay processes were visible. Our research shows that greater environmental diversity is conducive to mood improvement and has greater restorative properties. This is confirmed by the results not only on the POMS scale, but also on the other three scales (PANAS positive, ROS, and SVS). Additionally, Watson et al. [57] found that environmental diversity is positively related to human well-being. There is no conflict between biodiversity and the restorative properties of the forest. Our research results are not reflected in the studies by Martens et al. [47], Simkin et al. [48] or Herzog et al. [63], which showed that a managed forest, in contrast to the natural one, has greater restorative values. Perhaps this is because we compared forest environments (also managed and natural) with different variants of dead wood in every one of them.



We noted statistically significant differences with two of the six POMS scales, namely tension and fatigue. As for tension, its highest average value was associated with the exposure of the economic forest with dead standing trees infested by the bark beetle (C). It seems that in this case the forest could have been perceived as less safe, threatening human health and life. Although the participants of the experiment were at a safe distance from the infested trees, they could subconsciously feel the threat of the presence of dead trees, which will fall eventually. The forest reserve, with dead pieces of wood lying naturally with ongoing decay processes, may have seemed safer, so its exposure caused the most significant decrease in tension compared to the pre-test. On the other hand, the forest reserve (A) decreased the level of fatigue to a lesser extent than the managed forest (B). Perhaps it is related to the fact that the forest reserve has a greater number of stimuli, a greater number of landscape components, greater species diversity, which may affect the speed of reduction of fatigue. Interestingly, we expected that exposure to forest landscape involving dead wood could have a particular impact on the Depression scale as dead wood could be an indicator for a ‘dying’ forest [36,39,47] and as Sreetheran and van den Bosch [64] point out, it can be associated with sad or scary thoughts. Previous studies showed that a stronger decrease in the “negative impact”, including depression and anger, in a cultivated forest may be because of a lower amount of dead wood, which may be sad [65,66]. However, the results obtained by us did not show any statistical correlation in this case.



Our research confirms that the forest environment has a restorative effect also by changing emotions, in particular increasing positive emotions. In previous studies [58], we observed that a visit to the forest also favors the reduction of negative emotions, this time we found statistically significant differences only in relation to the increase in positive feelings. Other studies also showed that recreation in the forest reduces negative emotions [7,13,48,55]. However, in general, these studies compared extremely different environments (forest vs. city). Our research focused on differences within the same forest environment with a specific variant of dead wood. Going to the forest evoked positive feelings among the participants, it was connected with something pleasant. However, exposure to a landscape with dead wood did not reduce negative feelings. This proves that not every forest environment is equally reconstructing. The greatest increase in positive feelings was recorded in the case of the forest reserve (A). Among the two variants of the managed forest, the growth of positive feelings was caused by a forest with traces of human harvesting activity (B) than a forest with dead standing trees, infested by the bark beetle (C). It seems that in this case, human activity in the forest evokes greater understanding, is more acceptable, and evokes more positive emotions than the damage caused by natural processes, caused by the beetle outbreak.



Considering the results of the ROS and SVS scales, we found that each of the forest variants included in the experiment had a restorative effect on the psyche of the participants and contributed to an increase in the subjective feeling of vitality. The results of many studies show that the ROS and SVS scale values increased because of recreation in the forest environment [10,48,53,54,55,67,68]. We observed that this increase was the strongest as a result of exposure to the reserve forest, then the commercial forest with standing dead trees infested by bark beetles, and the weakest in the managed forest with traces of harvesting work. Additionally, this last observation leads us to conclude that preferences for a particular environment do not necessarily mean that it is restorative, as previously noted by Martens et al. [47] and Simkin et al. [48]. Preference studies conducted in coniferous forests infested by the bark beetle showed high social sensitivity to beetle activity [45,69,70]. The greener and more buoyant the forest was, the more it was appreciated for vitality. Conversely, dead and dying material (e.g., dead trees, felling residues) negatively affected preferences regardless of their genesis [69,70,71,72]. These aesthetic effects are especially felt when beetle damage is observed nearby compared to intermediate or background zones [73]. Our research has shown that a forest with dead wood and standing trees has better restorative properties in virtually all the scales considered (except the tension scale) than the economic stand with traces of harvesting work. The results of our research indicate which forest model provides people with greater health benefits. Research findings support forest managers and policymakers at both national and regional levels interested in more effective environmental and health education. Understanding the impact of the forest management model on people’s well-being is valuable in developing effective forest management strategies, but also important for the benefit of society (e.g., reduced spending on health systems, increased labor productivity, reduced absenteeism). Our research shows that recommendations for forest management to leave a certain amount of dead wood in the forests due to the need to increase biodiversity are also important from a social point of view. Dead wood in forests, especially that which is associated with natural processes, should be a permanent component of the forest landscape. National parks and forest reserves, where dead wood is more abundant, might be suitable places for restorative purposes. However, managed forests, in which the amount of dead wood is increasing in recent years, are also worth consideration for that matter.




6. Limitations


The experiment was conducted in a group of young adult Poles. This may mean that our results may apply to this group only. Many studies are showing that the socio-cultural thread is important in human research. For example, the studies by Tyrväinen et al. [25], Pastorella et al. [27], Jorgensen et al. [74], and Tveit et al. [75] showed that the level of education and age influence the preferences of dead wood and its recreational value. Research by Fjørtoft [76] shows that young people find more beauty in what is wild, disordered and that a more complex dead wood forest offers greater variety and opportunities for manipulation, exploration, and experimentation. Respondents with higher household income may also have a higher level of education and thus be more aware of the ecological importance of dead wood due to their greater knowledge. Therefore, we suggest that in the future the influence of demographic attributes on the forest landscape experience and the resulting level of forest restorativeness be investigated.



It seems to us that an important element that should be taken into account in future research on the perception of dead wood in forests may also be the level of ecological awareness. Indeed, it appears that ecological knowledge has an impact on the perception of the environment and landscape preferences, regardless of whether it is prior professional knowledge or basic information about the environment (e.g., [39,40,77]). Knowledge of the ecological role increases people’s appreciation of dead wood. We did not investigate whether and what knowledge about dead wood the participants in the experiment had. We can only assume that they had this type of knowledge. Especially since the Białowieża Forest has been “active” in the media all the time in recent years due to a strong transnational conflict over multifunctional, sustainable forest management. Information about Białowieża Forest, bark beetle outbreak, and forest dieback reached a very large group of Polish society, which could be important for our research. Future research could focus on whether the remedial properties of dead wood forests change after respondents are made aware of the role of dead wood in the forest landscape.



We only studied the effect of short exposures on a forest environment with dead wood, and we do not know how the physical activity or a longer stay in the forest contributes to the increased psychological benefits of exposure to this type of landscape. In future research, it is worthwhile to establish whether prolonged exposure to a forest landscape with dead wood provides the same benefits as exposure to a forest with a trace amount of dead wood. In future research on the relaxation value of forests, including the perception of the role of dead wood in forests, it is worth noting the major changes in recreational activity patterns and ways of experiencing nature due to the ongoing COVID-19 pandemic.




7. Conclusions


Contact with the forest, despite dead wood, is more restorative than no contact: the values of all scales were higher in the pre-test stage than after. The restorative value of a managed forest is lower than that of a forest reserve. Exposure to a stand infested by the bark beetle caused greater tension in the participants of the study than exposure to a managed forest with fallen logs. The greater value of fatigue was recorded in the case of the forest reserve, and the lowest in the case of the managed forest with traces of intentional cuts. Before the experiment, the level of positive feelings was lower. There was an increase in positive feelings as a result of exposure. The forest reserve has the best effect, the forest infested with bark beetles is the least effective among tested ones.
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Figure 1. Study sites (A: forest reserve, B: managed forest, C: managed forest infested by bark beetle) location within Białowieża Forest District. 
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Figure 2. Location A—forest reserve: (a) Typical outlook of the forest reserve; (b) participants in the forest reserve. 
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Figure 3. Location B—managed forest: (a) Typical outlook of the managed forest; (b) participant in the managed forest. 
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Figure 4. Location C—managed forest infested by bark beetle: (a) Typical outlook of the forest; (b) participants in the forest. 
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Table 1. Forests characteristics.






Table 1. Forests characteristics.





	Forest Site
	Forest Reserve (A)
	Managed Forest (B)
	Managed Forest Infested by Bark Beetle (C)





	Stand type
	Fresh broadleaved forest
	Fresh mixed broadleaved forest
	Fresh mixed broadleaved forest



	Stand age
	171
	161
	171



	Dominant tree species
	Hornbeam (Carpinus betulus)
	Spruce

(Picea abies)
	Spruce

(Picea abies)



	Other tree species
	Few: spruce, oak
	Few: oak, pine
	Few: pine, alder



	Stand volume (m3/ha)
	265
	614
	232



	Tree height (m)
	28
	38
	38



	Canopy density
	Broken canopy
	Broken canopy
	Broken canopy



	Stocking degree
	1.0
	1.1
	1.0



	Diameter at breast height (cm)
	52
	60
	55
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Table 2. Means and SD (standard deviation) of psychological measures of POMS subscales during the experiment (marking means with small letters show that they are different to means with different letters).
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Measure

	
Pre-Test

	
Forest Reserve (A)

	
Managed Forest (B)

	
Managed Forest Infested by Bark Beetle (C)

	
F

Ratio

	
Prob > F






	

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	

	




	
Tension

	
8.66a

	
7.14a

	
5.93b

	
6.03

	
7.2ab

	
6.96

	
7.63ab

	
8.38

	
3.2424

	
0.0245 *




	
Depression

	
12.63

	
10.73

	
9.56

	
9.69

	
9.98

	
10.17

	
9.59

	
12.09

	
2.2567

	
0.0853




	
Anger

	
11.68

	
9.51

	
9.78

	
9.51

	
9.76

	
8.48

	
10.61

	
10.4

	
1.5106

	
0.2153




	
Fatigue

	
10.2a

	
6.88

	
7.05b

	
5.71

	
6.83b

	
5.81

	
6.9b

	
6.62

	
5.5306

	
0.0014 **




	
Confusion

	
8.0

	
4.6

	
6.41

	
3.99

	
7.12

	
4.31

	
6.8

	
4.57

	
1.9745

	
0.1215




	
Vigor

	
15.71

	
7.37

	
18.49

	
6.83

	
17.07

	
7.22

	
18.29

	
7.21

	
2.5418

	
0.0596




	
TMD

	
35.46a

	
38.6

	
20.24b

	
35.27

	
23.8b

	
36.1

	
23.24b

	
41.17

	
4.2265

	
0.0070 **








“*” and “**” respectively marks the statistically significant differences (p < 0.05) and (p < 0.01).
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Table 3. Means and SD of psychological measures of PANAS during the experiment (the same letters after means or no letters at all, indicate where there is no difference between means).
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Measure

	
Pre-Test

	
Forest Reserve (A)

	
Managed Forest (B)

	
Managed Forest Infested by Bark Beetle (C)

	
F

Ratio

	
Prob > F






	

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	

	




	
PANAS Positive

	
2.82b

	
0.75

	
3.19a

	
0.77

	
3.07a

	
0.73

	
3.05ab

	
0.8

	
3.001

	
0.0333 *




	
PANAS Negative

	
1.52

	
0.61

	
1.49

	
0.55

	
1.64

	
0.8

	
1.62

	
0.78

	
0.8742

	
0.4566








“*” respectively marks the statistically significant differences (p < 0.05).
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Table 4. Means and SD of psychological measures of ROS and SVS during the experiment (marking means with small letters show that they are different to means with different letters).
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Measure

	
Pre-Test

	
Forest Reserve (A)

	
Managed Forest (B)

	
Managed Forest Infested by Bark Beetle (C)

	
F

Ratio

	
Prob > F






	

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	

	




	
ROS

	
3.93b

	
1.35

	
4.76a

	
1.22

	
4.43a

	
1.34

	
4.51a

	
1.79

	
5.2371

	
0.0020 **




	
SVS

	
3.96b

	
1.49

	
4.54a

	
1.6

	
4.34ab

	
1.48

	
4.49a

	
1.49

	
3.1245

	
0.0285 *








“*”and “**” respectively marks the statistically significant differences (p < 0.05) and (p < 0.01). 
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