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Abstract
An increase in land abandonment, especially the lands used for agricultural purposes, has resulted in a severe decrease in the European continent's semi-natural habitats. Such leads to immediate loss of various species in the respective habitats, which results in time-delayed extinction, commonly referred to as the extinction debt. In a study to study the alarming threat of extinction of species due to biodiversity loss in Europe, 147 fragmented grassland remnants were focused on the research. The study found that differences in the extinction debts of various species existed in different trophic levels. For instance, it was realized that the long-lived vascular plant population was less in the current landscape than its enormous existence in the past couple of years in the same ecosystem. The difference proved the existence of extinction debt among the plant species. In contrast with another, a different organism from a different trophic level, the short-lived butterfly, indicated no single sign of extinction debt in the same ecosystem at the same time scale of 40 years. The gathered results showed that the used tactics to maintain the fragmented habitats' status quo are not sufficient since the occurring extinction debts will result in more loss of Biodiversity in future times. From the 147 grassland sites across Europe where the investigation was done, the hypothesis that Habitat Fragmentation Leads to Biodiversity Loss at different Trophic Levels was tested, and the results obtained fully supported the theory.
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Introduction
Biodiversity loss has emerged as a global concern. Land fragmentation and Habitat destruction are considered primary causes of the species losses in different ecosystems. However, Land fragmentation and Habitat destruction are the leading causes of species loss. Other reasons such as invasion and interruptions of the ecosystems by the alien species lead to overexploitation of available resources, habitat destruction, and climate change play a part in the biodiversity loss too. Habitat refers to the specific locality in which an organism lives (Andrén, 2017). An ecosystem can be defined as a system comprised of both biotic and abiotic factors that work together as one unit. Population refers to the total number of species of a particular organism that live at a given place within a specific time. The trophic level refers to the position in which an organism occupies in a given food chain. Land fragmentation refers to the process in which a large portion of land habitat is split into several smaller parts, which are isolated from one another by a matrix of habitats. 
Biodiversity can be defined as the variety of life which exists on earth at all levels that is from genes level to ecosystems. Biodiversity contains the ecological, cultural, and evolutionary processes which sustain an organism’s life. Studies were focused on a specific taxonomic group of organisms that is vascular plants and butterflies. The two organism's studies concerning their population in the different regions were contradicting, whereby there was an existence of extinction debt in the vascular plants. Still, in the butterflies, there was no extinction debt. The extinction debt is evident when there was a noticeable richness of vascular plant species in the previous landscape than in the current one (Menendez et al. 2016). The extinction debt was more common in the fragmented semi-natural grasslands across the European continent. The grasslands represented the biodiversity hotspots, which contained most numbers of the endangered species of butterfly and vascular plants. Generally, it is noticed that most of the species within the grasslands worldwide are threatened due to the conversion of the lands into urban centers and arable lands. The European grasslands are believed to have lost approximately 90% of its parches within the last century. The severe loss has led to a decline in species populations within the areas, threatening the species to a possible extinction debt in the future. Due to the extinction debts experienced in the regions, management policies are devised to manage the grasslands urgently to prevent the adverse effects (Margules, 2010). The habitat quality in the grassland areas must be improved to avoid future time delayed extinctions. Each of the species in the grassland habitat has a crucial role to play. For instance, the vascular plants are used as the primary producers while the butterflies, which are herbivores in nature at their larval stage, act as the pollinators at the adult stage of their life cycle (Thomas, 2014). The two species have different life spans whereby the vascular plant species are perennial while the butterfly's species are short-lived. Therefore, Habitat Fragmentation Leads to Biodiversity Loss at different Trophic Levels.
Literature Review
The study was carried out in 147 grasslands across Europe (Krauss et al., 2013). The various countries involved in the course include; Estonia, Germany, Spain, Sweden, and Finland. All of the chosen grassland types in the five states were fragmented, and they existed as discrete habitat areas, which was composed of a place that can be easily measured. All the regions fully invaded by overgrown trees and bushes were considered non-grassland within the selected study regions (Krauss, J. & Steffan-Dewenter). For example, the grassland covered fewer areas in the respective countries when interpreted in terms of percentage. In each of the countries involved in the study, the grassland patches under investigation were chosen to cover a specific parch area gradient. However, the gradient range differed among the five countries (Moilanen, A. & Nieminen). Parch connectivity was used as the second principle of choosing the study sites. In the second principle, the sites were selected to cover different gradients intensely isolated to higected areas. To measure the places, a special that was found to be comprised of similar grass types was measured within a range of 2 kilometers (Moilanen, A. & Nieminen). The 2 kilometers radius range was used as the average coverage to reflect the butterfly's species' distribution and the vascular plant species within the various grasslands. To examine the reality of extinction debts in the European countries grasslands and across the two trophic levels under study, the research gathered a wide-ranging measurable data set of species richness of butterflies and vascular plants (Jackson ST & Sax DF). Among all the 147 countries' sites under study, butterflies and vascular plant richness were recorded between 2000 and 2007, whereby a study was carried in each state in a single specified year. All the species information recorded from the study sites were separately classified in each particular country.

Methodology and Materials
The study sites and regions
During the study, a total of 147 grasslands were used across Europe. The various countries involved in the course include; Estonia, Germany, Spain, Sweden, and Finland. Among the countries which participated in the research study, the number of the grass parches studied in each state was as follows; in Germany: 31 parches, Finland: 30, Sweden: 30, Estonia: 26 and in Spain: 30. In each of the selected countries in Europe, the number of species in each of the considered grasslands was identified. It was realized that the number differed among the respective countries. In German, all of the grassland areas studied comprised of the calcareous Alvar grasslands. In Spain, they consist of the calcareous sub-Mediterranean pastures, Estonia comprised of calcareous Alvar grasslands while Sweden and Finland encompassed dry-mesic grasslands. All of the chosen grassland types in the five countries were fragmented, and they existed as discrete habitat areas, which was composed of a place that can be easily measured. All the regions fully invaded by overgrown trees and bushes were considered non-grassland within the selected study regions (Krauss, 2013). For example, the grassland covered fewer areas in the respective countries when interpreted in terms of percentage. For instance, grassland in Germany covered approximately 0.26%. 

The Landscape data used. 
In each of the countries involved in the study, the grassland patches under investigation were chosen to cover a specific parch area gradient. However, the range of gradient differed among the five countries. Parch connectivity was used as the second principle of choosing the study sites. In the second principle, the sites were selected to cover different gradients ranging from intensely isolated to highly connected areas. To measure the connectivity in the places, a specific region which was found to be comprised of similar grass type was measured within a range of 2 kilometers (Moilanen, 2012). The 2 kilometers radius range was used as the average coverage to reflect the butterfly's species' distribution and the vascular plant species within the various grasslands. The process of measuring the landscape level habitat area is referred to as the ‘landscape area.’ Like Hanski's connectivity index, some of the other standard connectivity measurements were not applicable in the study (Winfree, 2015). Hanski’s connectivity index could not be appropriate because some areas had large sizes of focal habitats in some countries like some parts of Estonia. 
To estimate landscape and patch area in the different grasslands in each of the five countries, orthorectified and digital photos used in the study were interpreted. The images were within the study parches taken covering 2 kilometers from the center of each patch under investigation. The aerial photos used to diagnose the current distribution of species in each grassland in the study were taken between 1999 and 2007. Aerial images born in the different grassland sites during the period between the 1950s and 1960s were used to account for the past explanations of the distribution of the species during that period before land fragmentation had occurred into an advanced level. Information gathered indicates that the period that has elapsed between the two studies ranges between 36 to 49 years, depending on the availability of photos used and country type. The GISAT Company did orthorectification, digitalization, and interpretation processes from the Czech Republic, which received background information, expert advice, and biotope mapping from the local field workers. Fluctuations in the areas and the connectivity of the grassland spots within the previous five decades were measured thorough examination of the historical and the current aerial photos. Calculations were done using information recorded in the past and the recent aerial photos. It was realized from the calculations done that there was a decrease in the in patch area and loss of Habitat within the areas covered by the 2 kilometers landscape circles. 

Biodiversity data
To examine the reality of extinction debts in the European countries grasslands and across the two trophic levels under study, the research gathered a wide-ranging measurable data set of species richness of butterflies and vascular plants. Among all the 147 countries' sites under investigation, butterflies and vascular plants richness were recorded between 2000 and 2007, whereby a study was carried in each state in a single specific year (Jackson, 2010). All the species information recorded from the study sites were separately classified in each particular country. Habitat- specialized species, just like the generalist species, stretch across the whole gradient from the rare species to the most abundant species. The successive statistical analysis was carried out by the grassland specialists only, whereby the non-specialists were not included in the event. During the statistical analysis event, all the vascular plant's species availability available were recorded in the grassland patches in each of the five countries used in the study. Butterfly species availability was also recorded. The butterfly species recorded included the burnet moths. During the event, the butterfly’s estimation was based on a constant number of years, which were conducted in three to seven walks in each year of study. 
Statistical analyses
Analysis of the statistics was carried out using R 2.8.o for R Development Core Team 2007 windows. In the data analysis, the grassland vascular plants species and the butterfly species were used as the study's two main variables. The explanatory variables included the current landscape area, past landscape area, the current parch area, and the past parch area in the universal linear varied effects prototypes. In linearizing the relations, the explanatory variables were always transformed about log10, whereby the homoscendacity and normality assumptions were met by the untransformed responses (Burnham, 2012). Landscape area was measured in kilometers in terms of the grassland habitat which ranged within a radius of 2 kilometers. Within all the regression models in which the species richness was related to the four main variables, each country in Europe understudy served as a random intercept. Since all the variables were correlated, Akaike information criteria were used for all the samples which involved small sized pieces during the study. AICc was used to determine the significance of the explanatory variables. The multimodel setting of research was used to examine the AICc values among all the fifteen possible models with all the various blends of the four explanatory variables. The general role of each of the provided explanatory variables used to predict butterflies, and vascular plants' richness was measured by calculating the Akaike weights among each model compared to the models' complete set. The Akaike weights in all the models which contained the explanatory variables were summed up separately to determine the AICc sums which are used in the measurement of the relative importance of each of the explanatory value (Johnson, 2014)—from the information obtained if the previous habitat variables indicate more significance for the current species than the existing habitat variable that suggests that an extinction debt can be assumed (Kuussaari et al.  2019).

Results
Averagely, an approximate of between 18-80% of the past parch spot, was lost in each study region. The average percentage of the land lost per Habitat parch is equivalent to approximately 0-99.8%. Estonia had the most extensive moderate historical Habitat dry among all the patches of the five countries of approximately 208 hectares. The medium historical patches in Estonia had the highest average loss of roughly 80%. The other four countries had patch areas of about 2-11 hectares with lesser losses of approximately 18-50%. There was a correlation between the previous and the current landscapes and the previous and the recent patches in most countries among the five countries used in the study. The new species richness of the habitats inhabited by the butterflies and the vascular plants indicated a significant decrease in the loss of the patch area and an increase in loss of landscape area. The distribution of the two species in the past and the current landscape and habitat area is shown in Figure 1 below. 

Figure 1
[image: An external file that holds a picture, illustration, etc.
Object name is ele0013-0597-f4.jpg]

In the 147 grassland patches studied in the five countries, 872 vascular plants and butterflies species were recorded. About half of the total population of the species recorded were grassland specialists. The specialist species were the only ones used in the statistical analysis to minimize biasness due invasion of plant species and migration of the butterflies into the study regions. Non-specialized species statistics models specified that the species didn’t experience any extinction debt. It was found that within the period span of 36-49 years of rapid habitat loss, only the specialized vascular plants indicated an extinction debt, unlike the butterfly species.

Discussion
The data obtained from the research conducted in the five countries in Europe indicates an extinction debt of the specialist vascular plants present in the grassland parts of the region. It is of concern to understand that a portion of unknown number of plant diversity is likely to undergo extinction if there are no necessary and new conservation strategies that will be put into action. In a contrasting way, the butterflies have quickly responded to the challenges that accelerated their extinction debt. They have been able to pay their extinction debt within a short period. Such adjustment portrayed by the butterflies suggests that short-lived species have a shorter relaxation period and can pay their extinction debt within a shorter period (Kuussaari et al. 2009). Besides, this suggests that butterflies and any other short-lived organisms can respond quickly to the environmental changes than the long-lived species such as vascular plants and birds. To preserve plant diversity, it is essential to understand possible extinction debts, which would have stayed unnoticed. If extinction debts are widespread in ecosystems which have recently been decreased in scale, previous research may have overlooked the potential negative impact of habitat destruction on species richness.
Conclusion
Habitat Fragmentation Leads to loss Biodiversity at different Trophic Levels. Biodiversity can be defined as the variety of life which exists on earth at all levels that is from genes level to ecosystems. Biodiversity contains the ecological, cultural, and evolutionary processes which sustain an organism’s life. Studies were focused on a specific taxonomic group of organisms that is vascular plants and butterflies. The two organism's studies concerning their population in the different regions were contradicting, whereby there was an existence of extinction debt in the vascular plants. Still, in the butterflies, there was no extinction debt. The extinction debt is evident when there was a noticeable richness of vascular plant species in the previous landscape than in the current one (Menendez et al. 2016). During the study, a total of 147 grasslands were used across Europe. The various countries involved in the course include; Estonia, Germany, Spain, Sweden, and Finland. In each of the countries involved in the study, the grassland patches under investigation were chosen to cover a specific parch area gradient. However, the range of gradient differed among the five countries. The data obtained from the research conducted in the five countries in Europe indicates an extinction debt of the specialist vascular plants present in the grassland parts of the region. It is of concern to understand that a portion of unknown number of plant diversity is likely to undergo extinction if there are no necessary and new conservation strategies that will be put into action.
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