

  forests-15-01014




forests-15-01014







Forests 2024, 15(6), 1014; doi:10.3390/f15061014




Article



Alien vs. Native—Influence of Fallow Deer (Dama dama) Introduction on the Native Roe Deer (Capreolus capreolus) Population



Jakub Gryz 1, Dagny Krauze-Gryz 2,* and Karolina D. Jasińska 2





1



Department of Forest Ecology, Forest Research Institute, Braci Leśnej 3, Sękocin Stary, 05-090 Raszyn, Poland






2



Department of Forest Zoology and Wildlife Management, Institute of Forest Sciences, Warsaw University of Life Sciences WULS-SGGW, Nowoursynowska 159, 02-776 Warsaw, Poland









*



Correspondence: dagny_krauze_gryz@sggw.edu.pl







Citation: Gryz, J.; Krauze-Gryz, D.; Jasińska, K.D. Alien vs. Native—Influence of Fallow Deer (Dama dama) Introduction on the Native Roe Deer (Capreolus capreolus) Population. Forests 2024, 15, 1014. https://doi.org/10.3390/f15061014



Academic Editors: Todd Fredericksen and Alexey Andreychev



Received: 24 April 2024 / Revised: 6 June 2024 / Accepted: 7 June 2024 / Published: 11 June 2024



Abstract

:

Fallow deer is one of the most widespread alien mammals in Europe. We documented the response of the roe deer population shortly after the fallow deer was introduced to a hunting ground in central Poland. Mean roe density dropped from 17.6 ind./100 ha to 10.5 ind./100 ha after the alien species was introduced. In the reference area, where fallow deer was absent, the roe deer density did not change in the analogue study period. At both study sites, mean roe deer productivity before fallow deer introduction was similar (1.6 juv./female). However, in the first study area, the productivity dropped to 1.4, while in the reference study area, it slightly increased to 1.75. The presence of fallow deer influenced roe deer space use negatively, i.e., the number of pellet groups of roe deer decreased with an increase in the number of fallow deer feces. Overall, the introduction of the fallow deer was successful and the population grew quickly. Yet, the economic impact of its introduction was far from satisfactory. At the same time, its negative influence on the roe deer was apparent. This shows that the fallow deer is an alien species threatening local biodiversity.
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1. Introduction


Alien species are recognized among the biggest threats to global biodiversity [1,2,3,4], with alien ungulates being no exception [5]. Nevertheless, predicting the impact of an alien species is not straightforward, as the same species can cause different types and magnitudes of impacts when introduced to different contexts [6]. The common fallow deer (Dama dama) is one of the most widespread alien mammals in Europe [7]. Its undoubtedly native geographic range is in Asia Minor [8,9,10], where fallow deer currently live in just one natural site in south-western Turkey [11,12]. Recent evidence suggests that Anatolia and the Balkans were the sole glacial refugia of the species [13]. In medieval times, the fallow deer became a popular species, being kept in fenced hunting grounds and in parks. In the following centuries, the deer’s geographic range expanded steadily because of numerous intentional introductions [9]. Currently, fallow deer live on all continents except Antarctica [14,15,16]. It is a widespread game, ornamental, and farmed species [8,15,16,17,18]. The number of individuals in captivity has already exceeded five million worldwide [19], and the number of free-living fallow deer keeps growing [18].



The exact time of the fallow deer’s introduction to Poland is unknown. Most likely, it was in the 17th century, but it may have been as early as the 13th century (review in ref. [20]). In recent decades, the number of fallow deer has grown rapidly for the following reasons: introductions by hunters (in 1987, the national program for the development of fallow deer population in Poland was accepted and supported by the government); escapes from captivity (in 1997, the fallow deer was listed as livestock) [21]; and transborder immigration [20]. In practice, there are no impediments to the introduction of fallow deer. Thus, each year, new populations are established by hunters. Officially, in March 2022, there were 35,540 fallow deer on hunting grounds in all of Poland [22]. Unfortunately, there is no scientifically based system for game monitoring in Poland. Yet, such mostly hunter-reported game statistics may be underestimated by as much as five-fold [23]. Nevertheless, fallow deer populations have clearly increased. In 2001, the fallow deer occurred in 6% of 4965 hunting grounds; in 2020, this figure rose to 19%. Similarly, in 2006, the fallow deer occurred in just one national park [24]; in the next 17 years it was reported in seven more national parks [25,26,27]. In the 1970s, the fallow deer was present mostly in the western Poland, with some single localities in central Poland. Currently, this species inhabits the whole country [22,27,28]. The number of hunted animals has also increased, i.e., from 1412 ind. in 1990 to 10,117 in the 2021/2022 hunting season [9,22]. The number of captively bred animals (i.e., animals for venison production, further introductions, and scientific, educational, or ornamental purposes) has also grown rapidly. It is estimated that this number increased from less than 200 in 1990 to 16,000 in 2012 [20,29,30]. Importantly, the fallow deer is not included in the List of Invasive Alien Species of European Union concern [31], so its number is expected to grow further.



The fallow deer is a highly adaptable species that thrives in a range of ecosystems and shows a very wide spectrum of food preferences [15]. It also presents great behavioral and social flexibility, including several mating tactics [32]. Fallow deer have proven able to compete for feeding resources with native cervids, with food niche overlap exceeding 50% [33]. Its negative impact on roe deer Capreolus capreolus have been clearly documented, e.g., [34,35]. In Italy, this smaller cervid avoided sites heavily penetrated by the fallow deer, and in areas of high density of the fallow deer, roe deer were rare [36]. This alien species was also shown to be able to compete successfully at feeding sites with red deer Cervus elaphus [37]. The fallow deer is a host for many species of parasite that might infect native cervids [38], livestock and humans (review in: ref. [16]). It has also been shown to impact native flora and natural habitats negatively [39,40,41,42,43,44,45].



Previous studies have documented relations between the fallow and the roe deer in areas where both species have coexisted for a long time, e.g., [35,36]. In our case, we documented the response of the roe deer population shortly after the fallow deer was introduced. The aim of the study was to assess the effect of the fallow deer introduction on the local roe deer population. First, we used two population indices, i.e., population density and productivity. We assumed that if the roe is negatively affected by competition with the fallow deer, the two indices will decrease after the fallow deer is introduced. We compared those with analogue indices but calculated for a nearby population (assumed to be affected by similar environmental conditions but unaffected by the fallow deer). Finally, we also assumed that the roe deer, as a competitively weaker species, will avoid areas that are highly penetrated by the fallow deer, i.e., its spatial distribution will be negatively affected by the presence of the fallow deer. We also supposed that this effect would be weaker in areas where the fallow deer is present for a long time. We also tried to assess income and spending connected to the fallow deer’s presence to robustly assess the economic results of its introduction.




2. Materials and Methods


2.1. Study Area


This study was conducted in central Poland, a region that is affected by the mild oceanic climate of Western Europe and the harsh and dry continental climate of Eastern Europe and Asia. The growing season lasts for ca 210 days; the total precipitation equals ca 600 mm per year; and the mean ambient temperature ranges from −4 °C in January to +18 °C in July. A mosaic of fields and forests dominates the landscape of this part of Poland. The percentage share of forest cover is the lowest in Poland and does not exceed 20%.



The first study area was over 1000 ha in Głuchów forest (51°45′11.8″ N, 20°06′24.1″ E). In January 2008, fallow deer started to be introduced there in order to increase the profitability of game management. The forest is surrounded by open fields, woodlots, and the Rawka River valley (a nature reserve); fish ponds border the forest to the south. The main tree species is Scots pine (Pinus sylvestris) with an admixture of oaks (Quercus spp.). Black alder (Alnus glutinosa) dominates part of the forest.



The second (and the reference to Głuchów) study area (Strzelna) was located near Rogów village (51°49’17.98″ N, 19°53’54.15″ E) in a smaller (710 ha in total) and fragmented forest, covered by Scots pine and oaks with an admixture of larch (Larix decidua) ca 15 km from the first study area. A busy, national road and a railway cut through the forested area. Surrounding arable fields and meadows mostly belong to private owners. The fallow deer was absent from this area.



Both study areas belong to Warsaw University of Life Sciences and are managed by the Experimental Forest Station in Rogów. The two aforementioned study sites were located in central parts of two hunting grounds (their areas being 5917 ha and 4575 ha, respectively) also managed by the university. The two study sites were separated by arable lands, sparse built-up areas, and a national road. In the first study area (Głuchów), fencing of young forest plantations was very rare prior to fallow deer introduction. In the second study site (Strzelna), most of deciduous plantations were fenced due to the high density of roe deer. In both study sites, chemical methods of forest protection against browsing were applied.



The third area was Spała Forest, located approximately 15 km south of the Głuchów forest. It is a big, compact forest complex to which the fallow deer was introduced before World War II, so the roe deer and the fallow deer have coexisted for decades. It is a part of Pilicka Forest, which is a forest complex of around 50,000 ha managed by the State Forests. It is pine-dominated and crosscut by the Pilica River. Our research was conducted in the northern part of the complex (Spała Forest Distrct) north of the Spała village (51°32′28″ N 20°08′17″ E).




2.2. Data Collection


2.2.1. Estimation of Fallow Deer Population Development after Its Introduction to the Głuchów Forest


At first, all released to the Głuchów forest (the first study area) animals had highly visible earrings, and their flight initiation distance was relatively short. Thus, during the first three years after the introduction (until 2011), their total abundance was assessed directly at feeding stations or in places where they tended to aggregate (such as meadows and food plots). When the population grew and most of the individuals were not marked, such a census was no longer possible. Density estimation by drive counts (see Section 2.2.2) was also not reliable as fallow deer tended to aggregate (thus either no individuals or the whole herd could be recorded). Therefore, we applied winter counts, aiming to assess an index showing a relative number of fallow deer for year-to-year comparisons. The counts were conducted in winter (December–February 2011/2012–2021/2022), on snowy and frosty days when fallow deer no longer stayed in open fields and congregated in mid-forest meadows, food plots, feeding stations, etc. All such known places were monitored by camera traps and additionally by direct observations. Data were captured by 12 camera traps (Reconyx HyperFire: PC90, PC800, PC850, PC900, RECONYX, Inc., Holmen, WI, USA), which were permanently located in the forest (see Section 2.2.3), and additional eight camera traps set in places where fallow deer were observed by local foresters or where their tracks/feeding signs were found. Simultaneously, direct observations were conducted by two or three people. Different spots in the forest where fallow deer aggregated were visited one by one during on the same day. Data from the camera traps and from direct observations (collected on the same day) were combined. The number of animals in a herd and their individual characteristics were taken into account. Finally, we pooled these observations to estimate a minimal number of fallow deer in the study site.




2.2.2. Estimation of Roe Deer Density Prior to and after Fallow Deer Introduction


The drive counts [46] were used to estimate roe deer density in the first study site (Głuchów forest) and in the second study area (Strzelna, no fallow deer, a reference area). The obtained results can be biased by a range of factors and the error produced can be high, e.g., [47]. Thus, we did not study year-to-year variation but compared data from longer periods of at least 10 years (see below). The drive counts were performed prior to fallow deer introduction (1997–2007, n = 10) and after introduction (2008–2018, n = 15). For the second study area, we used comparable data (1997–2007, n = 10 and 2008–2018, n = 11). The drive counts were performed by students of biology and forestry (WULS). In the first study area, they were performed every year in late October or at the beginning of November; in the second study area, they were carried out in early March (data from the Department of Forest Zoology and Wildlife Management, WULS). This difference was due to students’ schedule. Nevertheless, we did not compare data from the two study sites but compared data for each study site between the two periods. Animals were counted in selected plots (i.e., one plot consisted of one or two forest compartments). We censused ca 30% of the whole forest complex. The plots were selected in terms of stand age, species composition, and the distance from the forest edge. Observers stood 50–100 m apart (to maintain visual contact) around each rectangle plot. Around one hundred students were simultaneously involved. Next, the observers along three sides of the plot stayed in place, while those along the fourth side walked inward and through the entire area, rousing the animals from the plot. All observers recorded animals passing through the line of observers. Each person counted only animals passing by on their left side to avoid duplications [48]. On the basis of the number of observed roe deer within the plots and the total area of the plots, the density of animals per 100 ha was calculated.




2.2.3. Estimation of Roe Deer Productivity Prior to and after Fallow Deer Introduction


The number of offspring of roe deer was estimated in the first study site (Głuchów forest) and in the second study area (Strzelna, no fallow deer, a reference area). The counts were made prior to fallow deer introduction (2001–2007) and after introduction (2008–2018). Data from the same periods were compared in the second area, Strzelna. In both study areas, we estimated the number of roe deer offspring mostly on the basis of direct observations collected during extensive field work or by local foresters. In the second study period, apart from direct observations, data from camera traps were added. In the first study site, 12 camera traps were set in permanent spots to monitor ungulates [49]. In the second study site, data from camera traps that were used to monitor dens of carnivores were used [50]. We collected data between May (beginning of giving birth time) and the first days of October (when hunting season for females and fawns starts). Finally, we calculated the mean number of juveniles per female. We took under consideration only females with at least one (visible) young.




2.2.4. Spatial Relationship between Roe Deer and Fallow Deer


We used the faecal standing crop method [51] to show the relationship between fallow deer and roe deer distribution, i.e., that areas highly penetrated by fallow deer are potentially avoided by roe deer [52]. In Poland, leaves that fall down in October/November cover the feces [52], and disappearance of faces is lowest in winter [53]. Thus, we performed the counts in late March and the beginning of April (i.e., the period after the snow melt but before the vegetation started)., i.e., pellets that accumulated through late autumn–winter were counted. Because feces of both species may be misidentified [54], we applied a metric procedure to tell them apart [55]. The counts were performed in the two study areas in which the fallow deer was present. In 2021 and 2022, this was the first study area (Głuchów forest, where the fallow deer was recently introduced), and in 2021, this was the third study area (Spała forest, where the fallow deer had been present for decades). The counts were made along 2 m wide transects placed randomly within the forests. The number of pellet groups was recorded per each 80 m long section of a transect. The total length of transects equaled 54.1 km (676 80-m long stretches) in Głuchów, and 35.1 km (439 stretches) in Spała.



Additionally, behavioral observations of interactions between roe and fallow deer were conducted in the Głuchów forest. The whole description of the method and obtained results are shown in Appendix B.




2.2.5. Hunting Bag and Financial Data


Data on the hunting bag of fallow deer (Głuchów forest—the first study area) and roe deer (Głuchów and Strzelna forests), trophy mass and carcasses mass of fallow deer, costs of forest protection against cervids (fencing and repellents), and compensations paid to farmers for damage in which fallow deer were involved were provided by the Forest Experimental Station in Rogów. Data on the hunting bag of roe deer and fallow deer in the first and second study area refer to the total area of the hunting grounds. Data on 15-year spending (2008–2022) on supplementary feed (beets, carrot, corn, hay, apples, salt and others food types) for fallow deer was impossible to evaluate precisely. Thus, we roughly estimated a minimum value. We also added the costs of wooden feeding stations that were built before fallow deer were introduced. It was impossible to even roughly assess the costs of damage done by fallow deer in the forest. Finally, we only took into consideration the costs of fencing young forest plantations from the last 5 years (2016–2020), when population of fallow deer was relatively big. Moreover, before fallow deer introduction, this method was applied only accidentally. Robust final revenue and spending statistics were calculated according to current (2023) EUR price.



Additionally, data on death cases of fallow deer in the Głuchów forest were collected (2008–2022), i.e., any remnants found were recorded, and foresters and game managers were interviewed (Appendix A).





2.3. Statistical Analysis


The Mann–Kendall trend test was used to assess whether the time series presenting the abundance of fallow deer had a monotonic upward trend. We separately compared the density of roe deer in the two periods (before and after fallow deer introduction or analogue periods) and in the two areas, Głuchów (where fallow deer was introduced) and Strzelna (where fallow deer was absent. Although hunting bag might affect roe deer density, we skipped hunting bag in the analysis, because there was no correlation between these two variables (Appendix C). Nevertheless, we compared mean hunting bag values between the two periods. The Kruskal–Wallis test was used, as data did not follow normal distribution (Shapiro–Wilk test, p < 0.05). To compare roe deer productivity before and after fallow deer introduction in the two research areas (Głuchów and Strzelna), we used the Scheirer–Ray–Hare test, as data did not follow normal distribution (Shapiro–Wilk test, p < 0.05).



We used generalized linear models to explore the influence of the fallow deer on roe deer. We used the number of roe deer pellet groups as a response variable, and as exploratory variables, we used the number of fallow deer pellet groups in the area (Głuchów, Spała) and the interaction between number of fallow deer pellet groups and area. The half-normal plot with a simulated envelope (‘hnp’ package; [56]) was used to check models with Poisson, quasi-Poisson, and negative binomial distribution. A model with negative binomial distribution was chosen as the best one. Analyses were performed using R [57].





3. Results


3.1. Fallow Deer Population Development in Głuchów Forest


A total of 22 fallow deer were released in Głuchów forest (first study area), the first 10 individuals in 2008 and the next 10 in 2009. Additionally, one female and a calf were introduced in 2011. In the following years, the population grew steadily, and after 14 years, the minimum population abundance (in winter) was estimated at 69 individuals (Tau–Kendall trend test, S = 72, p < 0.001, Figure 1), which amounted to a population density of 6–7 individuals/100 ha of forest area. Between 2013 and the end of February 2022, 39 individuals were legally harvested. Over 16 years (up to summer 2023), we also documented 31 other cases of fallow deer deaths (Appendix A).




3.2. Changes in Roe Deer Density after Fallow Deer Introduction


Mean roe density before fallow deer introduction into the Głuchów forest (first study area) was 17.6 ind./100 ha and dropped after the introduction of fallow deer to 10.5 ind./100 ha (Kruskal–Wallis test = 9.0069, df = 1, p < 0.005). In the Strzelna forest (fallow deer absent, reference area), roe deer density was initially much higher, at 32.2 ind./100 ha, and did not change when compared to the second study period (Kruskal–Wallis test = 0.079494, df = 1, p > 0.05) (Figure 2). At the same time, a significant increase in the hunting bag of roe deer was recorded at both study sites. In the first study area, the hunting bag rose by 91%, i.e., from an average of 14.5 (2000–2007) to 27.7 (2008–2019) (Mann–Whitney test, Z = −2106, p < 0.05). However, in the second area, the reference area, the hunting bag rose by 127%, i.e., from 23.6 (2000–2007) to 53.6 (2008–2019) (Mann–Whitney test, Z = −2.518, p < 0.05).




3.3. Roe Deer Population Productivity before and after Fallow Deer Introduction


In both study sites, roe deer productivity in the first period (before 2008, i.e., pre-fallow deer introduction) was similar and accounted 1.6 juv./females. However, in the first study area, the productivity dropped to 1.4, while in the reference study area, it slightly increased to 1.75 (Figure 3). The results of Scheirer–Ray–Hare test showed that area and interaction between area and period influenced the productivity of the roe deer (Table 1).




3.4. Spatial Relationship between Roe Deer and Fallow Deer


Amongst three built models, the one with negative binomial distribution was selected as the optimal model. The model supported the hypothesis that the presence of fallow deer and area of the research influenced roe deer presence negatively, i.e., the number of pellet groups of roe deer decreased with the number of fallow deer feces and was lower in Spała forest (where fallow deer had been present for many years). The probability of roe deer presence was the lowest when both variables (presence of fallow deer in Spała forest) were combined (Table 2).




3.5. Economical Effect of Fallow Deer Introduction


The cost of purchase of fallow deer that were introduced to Głuchów forest (the first study area) was 5350 EUR. To the best of our knowledge and according to the official prices we assessed, the minimum cost of fallow deer feeding is at least EUR 1000. Compensation paid to farmers in the years 2008–2022 was at least EUR 1000. Spending on forest protection (fencing) related to fallow deer presence was around EUR 1500/year (adding up to EUR 7500 over five years). To summarize, all spending (assessed via the minimum level, cost of fallow deer introduction, and the cost of maintaining of their population) reached EUR 14,850. Between 2013 and February 2022, hunters shot 39 individuals, which gave 1040 kg of venison (and generated an income of EUR 2080). Trophies of 10 males produced revenue of EUR 1201. The heaviest trophy was 2.3 kg (the min 1.1 kg) (including the skull and excepting the jaw). Altogether, the total revenue (EUR 3281) did not reimburse the costs attributed to fallow deer.





4. Discussion


In our study, we showed that introduction of the fallow deer affected the roe deer population, which led to a decrease in the population density and productivity of this smaller and competitively weaker cervid. Interactions between the two species were antagonistic, and the fallow deer was always dominant (Appendix B). We also showed that in both areas, if the fallow deer had been introduced recently or had been present for decades, it similarly negatively affected space use by the roe deer. Finally, we pointed to the fact that the introduction of fallow deer did not increase the profitability of the hunting ground, which is often the reason for the introduction of this species.



The population of fallow deer developed very quickly after its introduction to Głuchów forest. The real number of fallow deer is expected to be even higher than that recorded by direct observations. Yet, our main goal was not to estimate its abundance precisely but to show how it grew over time. Moreover, some animals have migrated to the surrounding private forests, the nearby area of fish ponds, and the surrounding hunting grounds and could therefore not be registered [58]. Indeed, in 2022, the first fallow deer was spotted in the vicinity of Rogów (Strzelna, our reference area, from which fallow were absent). This was also the reason why the study finished at that time. This quick development of the fallow deer population in our case is in line with its sharp increase in Europe, which was higher than that recorded for native cervids [18].



We showed a sharp decrease in roe deer density in the area where the fallow deer had recently been introduced. This was in contrast to the nearby population, where the fallow deer was absent and roe deer grew in number. The roe deer is considered a selective feeder [59,60], being susceptible to competition from other cervids [52,61]. It was shown that the competition may affect its population trends more than weather conditions [34]. It is smaller than the fallow deer and relies on highly nutritional vegetation for survival and reproduction (review in: ref. [62]). In turn, the fallow deer is thought to be a strong competitor with the roe deer and other cervids (review in: [63]). Its great dietary flexibility in food sources [15,62,63] and habitat [15,64] use makes it a competitive species with native cervids. This alien species also shows high behavioral plasticity, shown through, e.g., modified aggregation or mating patterns [65,66].



Competition for food may be the main reason for the observed decrease in the productivity of the roe deer in the area where the fallow deer was introduced. For the roe deer, food availability (rather than fat reserves) is crucial for reproduction and reproductive success (review in [67]). In spring, the last months of pregnancy, highly nutritional forb-dominated feed is typical for the roe deer, while in the case of the fallow deer, a higher proportion of hemicellulose in the ingested food was noted [68]. Interference was particularly frequent at the latest stages of pregnancy, births, and early maternal care and was greater in solitary roe deer, i.e., females [62].



The abundance of the roe deer pellet groups was significantly lower in places (i.e., on the stretches) where the fallow deer was present, and this was true of both study sites (the one where fallow deer had recently been introduced and the one where it had been present for decades). It was shown that inter-specific competition from the fallow deer may influence the spatial behavior of roe deer [36]. Roe deer avoided areas where the local density of fallow deer was highest, and the roe deer occupancy was negatively affected by local abundance of fallow deer [34,62]. Densities of roe deer were great where fallow deer were rare and low where fallow deer were abundant [35]. It needs to be kept in mind that the abundance of pellet groups may not be a function of the number of individuals or of time spent in that place because defecation rates may depend on activity. Yet, pellet group counts can help to estimate relative habitat use and have been used for several decades in various contexts (review in [35]).



Our field experiment was disturbed by a significant increase in the hunting bag of roe deer in both study sites. This may be treated as an unsuspected result of the cost of fallow deer introduction and the rising costs of protecting forests against damage done by the fallow deer and game in general. There has been strong pressure to reduce populations of native ungulates in Poland, i.e., roe deer, red deer or moose Alces alces, due to the increasing problem of damage [69,70,71,72]. Ironically, new alien ungulate populations (fallow deer and mouflon Ovis aries musimon) were established all over the country [20,73] at the same time. Productivity of roe deer population is density-dependent [74,75]. Even though no correlation between hunting bag and population density was found, increased productivity might be an effect of stronger hunting pressure [76]. Nevertheless, increased hunting pressure was observed in the two study sites, while productivity increased only where the fallow deer was absent.



The fallow deer was introduced to our study site in order to increase game management profitability. However, 14 years after introduction, not even the costs of the introduced animals could not be reimbursed, and the financial results were roughly minus EUR 11,569. This deficit is unlikely to be reduced as the costs of forest protection and crop damage compensation have risen while venison prices have been quite stable. Additionally, trophy hunting is not of essential economic value as antlers are of rather low quality. It needs to be kept in mind that our financial estimates are rough due to data scarcity. Nevertheless, we counted costs cautiously, and they are under- rather than overestimated.



To conclude, the introduction of the fallow deer was definitely successful and its population grew quickly. Yet, the economic effect, assessed for the hunting ground, was far from satisfactory, which waives the argument that the introduction of this new species may bring some profits. At the same time, the fallow deer impacted the population of the native cervid, the roe deer. Consequently, the number of roe deer decreased, which we assumed was due to competition affecting productivity parameters. Pellet group analysis showed that the roe deer avoided spots heavily exploited by the fallow deer. This effect was shown regardless of the time that had passed from the introduction. This shows that the fallow deer should be considered an invasive species threatening local biodiversity. We believe that these days, with the range of field data supporting the competitive role of the fallow deer alongside native cervids (review in: [63]), this alien species should not be further introduced. At the same time, the harvest rate of the roe deer, as a competitively weaker species being affected by the alien species, should be kept low in areas where it must compete with fallow deer. The key point is to use reliable, science-based data to monitor the population of cervids. As has been shown for many alien and unquestionably invasive species, after they establish a new population and grow in number, their eradication is mostly impossible [7,77]. Thus, we claim that new populations of alien cervids must not be established.
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Table A1. Causes of deaths of fallow deer in Głuchów forest (the first study area) in the years 2008–2022.






Table A1. Causes of deaths of fallow deer in Głuchów forest (the first study area) in the years 2008–2022.





	Cause of Death
	n of Cases





	Harvested by hunters
	39



	Killed by stray dogs
	6



	Died due to starvation *
	3



	Trapped by a baller twine **
	2



	Killed by car
	2



	Drowned
	1



	Poached
	1



	Unidentified reasons
	16







* during the 2012/2013 winter season, which was characterized by very deep snow cover and low temperature [78]; ** antlers were entangled in baler twine (such ‘wig’ may be deadly as an animal can get trapped on branches and break their neck or die due to starvation).












Appendix B. Behavioral Interactions between Fallow and Roe Deer


Starting from the introduction of fallow deer into the Głuchów forest (the first study area), we recorded all interactions between fallow and roe deer (2008–2022) throughout the whole year. This was mostly carried out on the basis of direct observations conducted in the whole forest complex and in spots where fallow deer aggregated. Later, data from camera traps set to monitor fallow deer abundance and to monitor ungulates (see methods) were also included. We assumed that contact occurred between the two species when the animals stayed within 50 m of each other (Ferretti et al. 2011b). We defined three types of antagonistic interactions:




	
Direct attack of a fallow deer male on roe deer; roe deer is chased away.



	
Roe deer interrupts its previous activity and moves away when fallow deer approaches.



	
Roe deer waiting in the vicinity of a feeding place, young forest plantation, or margins of forest meadow until the fallow deer is gone.








Between 2008 and 2022, we observed 56 interactions between fallow and roe deer, and all of them were antagonistic: there were 6 direct attacks of fallow deer males on roe deer, 32 cases of roe deer escape when the fallow deer approached, and 18 cases when roe deer waited at a margin of a meadow or feeding station until the fallow deer left. Most of those observations were made at feeding stations and forest meadows, where fallow deer aggregated. We never observed reverse situations, e.g., fallow deer being attacked by or escaping from a roe deer. We never registered fallow and roe deer feeding simultaneously in the same place.




Appendix C. Correlation between Roe Deer Density and Hunting Bag in Two Research Areas
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Figure A1. Correlation between roe deer density and hunting bag in two research areas (Głuchów—where the fallow deer had been introduced and Strzelna—where the fallow deer was absent). 
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Figure 1. An increase in the estimated number (the minimum population abundance) of fallow deer (in winter) in the study area after the introduction of 22 individuals in the years 2008–2011. 
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Figure 2. Changes in the mean (±SD) density of the roe deer before (1997–2007) and after (2008–2018) fallow deer introduction into Głuchów forest (first study area, fallow deer present) and comparison of roe deer density between the same study periods in Strzelna forest (reference, fallow deer absent) study area. In the area where the fallow deer was present, 10 and 15 estimations were made in the first and second period, respectively. In the area where the fallow deer was absent, 10 and 11 estimations were made. 
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Figure 3. Changes in the mean (±SD) productivity of roe deer before (2001–2007) and after (2008–2018) fallow deer introduction into Głuchów forest (first study area, fallow deer present, n = 91) and comparison of roe deer density between the same study periods in Strzelna forest (reference, fallow deer absent, n = 106). Only females that had at least one calf were counted (i.e., the min number was 1). 
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Table 1. Results of Scheirer–Ray–Hare test for the variables, which influenced the productivity of the roe deer in two areas (Głuchów forest = fallow deer present and Strzelna forest = fallow deer absent) in the two periods (2001–2007 and 2008–2018, i.e., before and after introduction of fallow deer in the first area, and in analogue study periods in the second area).
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	Variables
	H
	Df
	p Value





	Area
	14.1373
	1
	<0.001



	Period
	0.0578
	1
	>0.05



	Area ∗ Period
	10.6360
	1
	<0.01










 





Table 2. Model output 