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Abstract: In most ecological network studies there is a focus on just one interaction type within one kind of habitat when studying the stability, robustness, build up and break down of a system in nature. Studying one interaction networks dose not give a thorough understanding of how real systems in nature are constructed.  To come closer to a more comprehensive understanding of a real world system the network study in this report is scaled up to a super network including three bipartite networks (plant-pollinator, plant-herbivore and plant-pathogen networks). Furthermore, the network is crossing a habitat border to illustrate that networks span different habitats. The study was done in Moesgaard Have in Denmark with a total of 697 interactions between plants and their interaction partners. The super network was analysed for a list of network parameters including nestedness and degree distribution. It was analysed for modularity and the turnover rates of species and their links between plots were calculated. The results show that a super network has some of the same characteristics as a classic bipartite pollination network. The super network is significantly modular and nested and the degree distribution follows a power law or a truncated power law depending of trophic level. The super network spans the habitat border, with some modules restricted to a specific habitat type and others occurring on both sides of the border. There is a high turnover rate at the habitat border indicating that many species go extinct and colonize the network when crossing the habitat border. In conclusion, it is important to include several communities and to expand the study to include adjacent habitats when studying real biological systems.  
Keywords: Super network, habitat borders, modularity, nestedness, turnover, ratio between mutualists and antagonists (TM/TA), mutualistic networks, antagonistic networks, food webs and pathogen networks. 
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INTRODUCTION Since the time of Charles Darwin the links between plants and their pollinators have been recognized as important for the maintenance of the biodiversity of the earth (Bascompte and Jordano 2007). Many studies have focused on mutualistic interactions, and other interaction types such as competition and predator-prey (Ings et al. 2009, Melián et al. 2009). If we look at just a single interaction type we get an incomplete picture of the local interaction environment. A plant species is not only influenced by one sort of community like pollinators (Melián et al. 2009), but exists in a multiple interactive context of various kinds of mutualists and antagonists affecting it during its lifecycle. If we want to scale-up to ecosystem level we need to take all species and their links into account.  A network is composed of nodes (usually species) and links (representing an interaction between two species) connecting the nodes. The classic networks have similar architecture and this allows researchers from very different disciplines to use the network theory in their work (Barabasi 2009). Several properties can be found in a network. Networks are said to be scale-free, many have a nested structure and if of a certain size also have a modular organization (Bascompte et al. 2003, Olesen et al. 2007, Barabasi 2009). In a bipartite network consisting of two different kinds of nodes (an example could be plants and their pollinators) connected by links, the interactions can be organized in a presence (noted as 1) absence (noted as 0) matrix (Bascompte et al. 2003). From this matrix several parameters can be calculated.  Since Watts & Strogatz (1998), we have gained much insight into the structure and dynamics of complex networks. These have been studied as isolated, closed entities. However, all networks link to other networks, e.g. the transmission network of epidemic diseases, the air transportation network and the associated social networks (Balcan et al. 2009, Leicht and D'Souza 2009, Vespignani 2009). This goes for nature as well. Single, isolated networks of species and their links do not exist. They are merely fragments of nature delimited by the researcher and his or her strive to achieve study plot homogeneity.  As ecologists, we operate with entities such as food webs, host-pathogen networks, mutualistic networks etc here termed classical networks. In reality, 
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however, networks contain species, playing different functional roles, e.g. herbivore, pollinator, N-fixator, competitor and ecological engineer. Even the same species plays several roles and gets entangled in several kinds of links. No species escapes the ecological web. Even if we ignore “the hidden players”, the micro organisms (sensu: Tompson and Cunningham(2002)), it would probably be impossible to encounter one single species on this planet without any links to other species. These larger and more diverse network constructions are here called super networks as seen in Figure 1.  

  
Figure 1 Three super network types: A) A network book with 3 interacting communities. B) A 
meta-network with arrows between migrating species. C) The interacting network with 
cascading effects indicated by the black arrows.   The network in Figure 1 A is a “network book”. This is a network composed of more than two kinds of nodes and more than one kind of links and all co-occur in space. The green nodes constitute the “spine” or “back” of the book and each interaction matrix is a “page” in this book. The network in Figure 1 A has two pages, one is the interaction matrix between green and red nodes, and the other is the interaction matrix between green and yellow nodes. An example will be a food web, in 
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which the green nodes can be herbivores and the red and yellow ones are plants and first-order predators, respectively. Figure 1 B represents a meta-network. This network is of unipartite or bipartite networks constructed of the same kind of species and links but distributed spatially into local patches, being connected by migration (cf. the concept of a meta-population). A meta-network is composed of puzzles of interacting meta-communities (Leibold et al. 2004). A patch in the puzzle can be any kind of habitat as long as they share species from the meta-network. Blue arrows indicate species migration. The two red nodes linked by a blue arrow symbolize the same species that migrate between the two meta-networks, as do the linked green nodes. An example is spatially separated plant-pollinator networks linked by migrating pollinator species. Finally Figure 1 C characterizes the interacting networks. These networks are unipartite or bipartite networks linked together and co-occurring in space. The networks are of different nature, i.e. different nodes and links, but they depend functionally upon each other. Disturbances spread from one network to the other and cascades back again (example of a cascade shown with black arrows). An example is a plant competition network and an herbivore competition network linked together by trophic links, e.g. an herbivore consumes a plant and consequently affects the competitive hierarchy among plants, and this cascade back and influences the herbivore competition hierarchy. All three networks may be combined in various ways and ultimately into an all-encompassing meshed network, including all kinds of species and links and crossing habitat borders of different strength. Ecological super networks are hierarchically organised species communities, interacting with each other in a heterogeneous way, resulting in hierarchically organised modules (Olesen et al. 2007). In our study a community is a group of co-occurring and functionally or taxonomically related species, e.g. the pollinators or herbivores of the area in question (Ings et al. 2009). A module is a group of highly linked species within the network that have week connections to the rest of the network, often from different communities, e.g. a few pollinators, herbivores and pathogens and their plants. A module may contain both intra- and inter-community links.  
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In Albert et al.  (2000), we learned that scale-free or broad-scaled ecological networks are resistant to errors but prone to attack on their hubs. However, recent research from outside ecology warns us that super networks may have completely different properties, being very sensitive to errors (Buldyrev et al. 2010, Vespignani 2010); Node failure in one network may cascade out as a disruptive avalanche into other networks, e.g. a breakdown in the network of Italian power stations initiated failures in the Internet, which again cascaded back, causing further shutdowns of power stations (Buldyrev et al. 2010), as seen in Figure 1 C for the interacting networks. In addition, the percolation threshold, i.e. when a network breaks apart, becomes considerably lowered when links between networks are included (Leicht and D'Souza 2009). When studying networks it has been common practice to have a study site in a fairly uniform habitat, where the sites are outlined by the researcher, like heathland, forest or meadow (Dupont and Olesen 2009, Dupont et al. 2009). To give an accurate impression of the dynamics of networks it is also important to capture the networks spanning habitat borders. Different habitats can be more or less isolated, with more or less porous borders. In some systems there is almost no mixing of species between habitats and in others there is a high exchange of species (Polis et al. 1997). Different animals also perceive a habitat border differently. What some species recognize as a habitat border might not be one for others. Even closely related species will have different perceptions of a habitat border. Honey bees will fly up to 10 km to find patches with sufficient nourishment and thereby cross habitat borders; on the other hand small solitary bees will only fly a few hundred meters (Visscher and Seeley 1982, Gathmann and Tscharntke 2002). But what is a habitat border? What we as humans see as a habitat border might not be the same for other species (Olesen et al. 2010b), and to what extent do species cross what we perceive as a habitat border? In network studies it has been a tradition to do only within-habitat studies and studies on single interaction types (Melián et al. 2009, Olesen et al. 2010b). The networks studied to date have a more or less arbitrary delimitation defined by the researcher. The observed area is delimited by a plot or a habitat border selected by the observer, although plant and insect communities often do not have clear–cut 
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boundaries. For instance, flower-visitors often have a wider foraging range than a single habitat patch. When some species cross habitat borders it is relevant to study sites that span several habitats to get a complete understanding of the network. To achieve this understanding more interaction types need to be included in the study.  In this study, the structure of a super network of plants and their pollinator, herbivore and pathogen interaction partners is described. The aim is to describe the effect of a habitat border seen by human eyes, and show if different species detect the same border and to show the dynamics and impotence of scaling up a network study to super network proportions.  
MATERIALS AND METHODS 

Study site and data sampling: The study site ‘Moesgaard Have’ is located in Moesgaard forest south of the city Aarhus in Denmark (56º04`57.26``N 10º14`21.64`` (Google Maps GPS coordinates for Moesgaard Have, 8330 Beder)). The study site includes a wet meadow and a beech forest. Fieldwork was conducted in the northern part of the meadow and in the forest bordering up to this part. It is located approximately 1.2 km from the Kattegat Sea. Agricultural land is dominating the landscape and is in close proximity to the study site. The forest is deciduous and dominated by Fagus sylvatica (Fagaceae). Other frequently occurring angiosperm species in the forest are Fraxinus excelsior (Oleaceae) and Anemone nemorosa (Ranunculaceae). The meadow had a great heterogeneity of plants and the dominating plants were various grasses and a high diversity of flowering herbs. In the plot area the dominant insect pollinated plant species were Valeriana officinalis (Valerianaceae), Filipendula ulmaria (Rosaceae), 
Mentha aquatica (Lamiaceae) and Ranunculus ficaria (Ranunculaceae). Different species flowed at different times of the growing season and for some species the vegetative growth also changed during the season, while other had stems and leaves the entire season. The climate in Denmark is temperate with cool summers (average temperature 16ºC) and mild winters (average temperature 0.5ºC) (http://www.denstoredanske.dk).  
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Study design: The fieldwork was carried out from the 20th of April to the 28th of August. Within this time span most of the angiosperms at the study site began and finished their flowering.  The study site consisted of 18 plots (2*2 m): Nine plots in the meadow and nine plots in the forest. The plots were placed along three lines (V, M and H) 10 m apart, and each plot on the line was also 10 m apart from the adjacent plots (Figure 2). 

 
Figure 2 Graphical representation of the study site with the 18 plots in a 6x3 grid all 10m apart.  At the study site, observations on interactions between all dicotyledoneous plant species and their pollinators, herbivores and pathogens (fungi, bacteria and virus) were made. Information for the three bipartite networks was collected: plant-pollinators (Pl-Po), plant-herbivore (Pl-H) and plant-parasite (Pl-Pa). The plant communities for the three networks overlapped, but were not completely overlapping. The study site was visited twice a week. Each time, flower visitation data was collected. Once a week, data on herbivore, pathogens, flowering, phenophase and plant abundance data was collected. Pollination data was collected during daytime (8h to 18h) and if the ambient temperature was above 10˚C. Flower visitor data was not collected on rainy days or on days with strong wind due to a lack of insect activity.  
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A pollination link was registered, if an insect species visited a flower. A visit was observed when an insect was in physical contact with the interior of the flower. Number of visits during a 15 minute observation period was recorded. If identification of visitors on site was impossible the insects were caught for later identification by taxonomic experts (see acknowledgments). If an insect species which had not previously been noted during the first 10 minutes of the observation period, visited the flower in the last five minutes of the observation period, an additional two to five minutes were added to the 15 minutes. The time added depended on further visitations of new species. If more new species visited the flower additional minutes were added. This was done to give a more complete picture of the visitation to a specific plant species, i.e. observe the maximum number of insect species on a plant species on a given observation day. The time was added to ensure that as many as possible of the potential visitors were recorded during the observation period and in particular, because time was spent collecting the animals.  An interaction was also noted if a parasite or herbivore had damaged a plant species. For each plot separately, plant parts damaged by pathogens and/or herbivores were collected for later identification (Mandahl-Barth 1965, Coulianos and Holmasen 1991, Ellis and Ellis 1997, Christiansen 1998, Møller and Staun 2002, Trolle 2003). Some were identified to species and others were identified to morphospecies. If possible, the antagonist was identified on site.  Abundance of a plant species was estimated in a 1*1m plot within each of the 2*2 m plots. Estimates were percentage coverage of the species. If a plant occurred outside the 1*1 m square in very small numbers and was not represented inside the abundance plot it was noted as rare (r).  Flowering phenology was noted by one weekly count of no. of open flowers in each of the 18 plots.   
Data analysis: Much software is available for network analysis. Here, I used Pajek v. 2.0, R v. 2.10.0: package ‘bipartite’ (Dormann et al. 2009), ANINHADO v. 3 (Guimaraes and Guimaraes 2006) and SA (Guimerà and Amaral 2005, Guimerà et al. 2005).  
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Descriptive network parameters: Pajek 2.0 analyzes and visualizes network data (Batagelj and Andrej 2009). It produces graphs visualizing the data and nodes that may be arranged as preferred. Pajek also calculates values of various descriptive network parameters.  ‘bipartite’ is a R-package, which calculates the values of a long list of descriptive network parameters.  The following network parameters were calculated to describe each of the bipartite networks (pollination network, pathogenicity network, herbivory network) and the super network (Table 1). Plant, animal and pathogen species were only included in the networks if they had at least one interaction. 
 

Table 1 Definition of network parameters Property   Definition P Plant community size No of plants in network A Po/H/Pa community size No of interacting species in network M Network size A*P S No of species A+P I Link no No of links between A and P C Connectance C = I/(M) 
LA Linkage level Po/H/Pa No of links between an average plant species x and an average member of the Po/H/Pa community 
LP Linkage level plants No of links between an average Po/H/Pa species y and an average member of the plant community Degree distribution HTL Degree distribution HTL Frequency distribution over all nodes HTL Degree distribution LTL Degree distribution LTL Frequency distribution over all nodes LTL HTL niche overlap HTL niche overlap Amount of interacting sp. the plants have in common HTL LTL niche overlap LTL niche overlap Amount of interacting sp. the plants have in common LTL NODF  Nestedness metric based on overlap and decreasing fill of cells  A bipartite network is characterized by the parameters A, P, M, S, I, and C. These are all listed with definitions in Table 1. P is the number of plant species in the network and is also defined as higher trophic level (HTL) in ‘bipartite’ (even though it in reality is the lower trophic level compared to pollinators, herbivores and pathogens). Po and H are the numbers of animal species (pollinators or herbivores) respectively, and Pa is the number of parasitic species (fungi, vira and bacteria) in the 



 11

network. These are also noted as part of the lower trophic level (LTL) in ‘bipartite’ (Even though they in reality are part of the higher trophic level compared to the plant species). As a common term for each of Po, H and Pa is A, the number of “animal” species. M is the number of possible links in the network M = AP, if all species interacted with all other species in the network. S is the total number of species S = 
A+P. The connectance (C) is the proportion of realized interactions (C=I/(M)). When species are added to the network the C declines following the equation: (A+P): C= 

13,83 exp[-0,003(A+P)](Olesen and Jordano 2002). The total number of links of the network is I = APC (Olesen et al. 2008, Dupont and Olesen 2009, Dupont et al. 2009). Linkage level is the total number of links from one species to other species (Olesen et al. 2008), and the mean linkage level describes the mean number of links per species for each community. LPo, LH, LPa, and LPl (LPo = IPo/Po, LH = IH/H, LPa = IPa/Pa, and LPl = 

IPl/Pl) are the mean linkage levels for pollinators, herbivores, pathogens and plants in the networks, respectively (Dormann et al. 2009). The cumulative frequency distribution over all species of their linkage level is the degree distribution (Bascompte and Jordano 2007, Dormann et al. 2009). R calculates the fit of three possible distributions (exponential, power law and truncated power law). According to the AIC for all networks, the function having the best fit is selected in Table 2-5. The R2 for the degree distribution is noted with the distribution estimate. Correlation between the linkage levels of plants in the different networks was calculated using JMP. Niche overlap is a mean value for how many Po, H or Pa the different plants share. If the value is close to 0 there is a low niche overlap and if the value is one there is complete niche overlap. The calculations in R for niche overlap are based on Horn’s Index (Dormann et al. 2009) :  
Equation 1 Horn’s Index  

2log2
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where Ro is the Horn’s index of overlap for species j and k. pij is the proportion of resource i of the total resource utilized by species j. Finally there is the pik, which is the proportion of resource i of the total resource utilized by species k (Krebs 1999). Nestedness: In a presence absence matrix the nestedness pattern can be found. This pattern describes the distribution of species within a habitat. (Guimaraes and Guimaraes 2006). In ecological networks a highly nested network is when the most specialist species interact with species that are a subset of species that interact with more generalist species (Bascompte and Jordano 2007) as shown in Figure 3 or in other words in a “nested system smaller species assemblages are perfect subsets of larger species assemblages.” (Dupont et al. 2003). 

 
Figure 3 A perfectly nested matrix. It symbolizes interactions in a pollination network with 

plants on one axis and animals on the other axis. A black square depicts an interaction. The 

most generalized species have the smallest numbers and the most specialized species have the 

highest number in the figure.   Different metrics  are used to quantify nestedness of a network matrix. The two most commonly used metrics are Temperature (T) (Atmar and Patterson 1993) and the nestedness metric based on overlap and decreasing fill (NODF) (Almeida-Neto et al. 2008). T has values from 0 º-100º where the degree of nestedness decreases with increasing T. NODF also has values ranging from 0-100, but here the values increase with increasing nestedness. NODF calculates nestedness for rows and columns independently and then finally the nestedness for the whole matrix is calculated on 
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the basis of the former calculations. On the other hand, T is calculated by looking at unexpected presences and absences in the matrix in relation to the isocline (a line separating the presences from the absences in a perfectly nested matrix), which is shown in Figure 4.  

 
Figure 4 A perfectly nested matrix with an isocline  If interactions are found in the lower right corner it will be an unexpected presence and if interactions are missing in the upper left corner it will be an unexpected absence (Almeida-Neto et al. 2008). Almeida-Neto et al. (2008) shows, that T can give a significant degree of nestedness in a matrix that is not nested while NODF showed that the same matrices had no degree of nestedness. This makes NODF the most conservative metric to use. In this paper the now most widely applied metric NODF is used. ANINHADO (Guimaraes and Guimaraes 2006) calculates the degree of nestedness of the link matrix associated with the network, using the metrics NODF and matrix temperature T. In ANINHADO, four null models are available, and the most restrictive one, called CE was used. It assigns a link to a cell ij according to a probability = (pi/c + pj/r)/2, in which pi is the number of link presences in row i, and 
pj is number of link presences in column j, c and r are numbers of columns and rows in the matrix, respectively.   Modularity: In the network there are areas with a high density of links between groups of species, and these are called modules. The areas between modules 
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have few links and are the boundaries of the modules (Olesen et al. 2007). This pattern of modularity has never been explored for super networks. Using the module detecting algorithm SA developed by Guimerà & Amaral (2005) (based on an optimization procedure called simulated annealing) the super network from Moesgaard Have was analyzed to determine whether modules are present in super networks as they are in simple bipartite networks (Olesen et al. 2007). The super network was analyzed for modularity (index of modularity = M), number of modules and the topological role of each species. The equation for M is:  
Equation 2 
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s is Is, all links in the network is I and the sum of links for species within one module s is ks. The range of M values span from 0 to 1 - 1/ NM (Olesen et al. 2007). The M-value describes how detached the modules are from each other. The significance of the observed modularity was also calculated by SA by performing 100 randomizations of the data and comparing the distribution of M of these with the actual M value in order to determine if the network was significantly modular.  The topological roles found by SA were based on the within-module degree (z):  
Equation 3 
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Equation 4 
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c   describing how a species (i) is placed among the different modules. Here the number of links from i to other nodes within its own module (s) is ki., ks is the average of within-module k of all species in s, and SDks is the standard deviation of within-module k of all species in s. Finally the degree (or number of links) of i is ki and the number of links from i to nodes in module t is kit (Guimerà and Amaral 2005). There are seven roles identified by SA (Guimerà and Amaral 2005). However, for simplicity and clarity the number of roles in this study was narrowed down to four descriptive roles, as in Olesen et al. (2007) (Figure 5). The roles are defined by their position in the zc-parameter space and in this space the species were placed and assigned the roles by the SA algorithm. The first role is the peripherals; the species having this role have a low z ≤ 2.5 with few links within their own module, and a low c ≤ 0.62 with few or no links to other modules. The second role is the connectors. They have low z ≤ 2.5 with few links within their own module, but a high c > 0.62 with many links to other modules, and they connect modules together and thereby connect the whole network. The third role is the module hubs. The species having this role have a high z > 2.5 and a low c ≤ 0.62 that is they have many links within the module and are important for the coherence within the module. The fourth and last role is the network hubs. They have a high z > 2.5 and also a high c > 0.62 and tie the modules together with many links within the module but also with many links to other modules (Olesen et al. 2007).   
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Figure 5 z-c parameter space.  Ratio of mutualists to antagonists, TM/TA: For each plant species, all mutualists (pollinators) and all antagonists (herbivores and pathogens) were counted. The number of mutualists for a plant i was termed TMi and for antagonists TAi (Melián et al. 2008). The TMi/TAi-ratio was determined for each plant. The ratio was based on Melián et al. (2009):  
Equation 5  
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Pl is the total number of plants in the super network community (Pl = 53), and PR is the number of plants with a ratio of at least (TM/TA) (Melián et al. 2009). These were placed in intervals spanning 0.2 units. p(TM/TA) was calculated and the cumulative ratio was calculated as well (≥ p(PR/PT))  
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Tp   Turnover of species and links when species are crossing habitat borders: All “survivals” (#s), “colonizations” (#c) and “extinctions” (#e) of species and links were counted when moving from one plot to the next in the transect, i.e. from the plot furthest out in the meadow (plot: H6, M6 or V6) to the neighboring plots (plot: H5, M5 or V5) closer to the forest and then again to the next and so forth, continuing all the way into to the forest (Figure 2). This created a gradient spanning from the meadow into the forest, crossing the habitat border between the meadow and the forest. A “survival” is defined as a species registered both in the first plot and in its neighboring plot. A “colonization” is defined as a species not present in the first plot but present in the neighboring plot. An “extinction” is defined as a species present in the first plot but not in the neighboring plot. From these counts: colonization (c), extinction (e) and turnover (t) rates were calculated using Olesen et al. (submittet): 
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The mean and standard deviation of these three variables were calculated for each replicated plot.   
RESULTS 

Descriptive parameters of networks: From the presence/absence data of links, an interaction matrix and the associated graph of the super network were constructed (Figure 7). The super network consisted of the three different bipartite networks.  A bipartite network consisted of two interacting communities. In the super network, the size of the four interacting communities Pl, Po, H and Pa was 53, 168, 132, and 76 species respectively. The super network and its three bipartite network components were described by a set of descriptive parameters (Table 2-5). The parameters were found for the networks separately, and for the super network (Table 2 and 3). In addition the parameters were calculated for the three bipartite networks and the super network with a separation between the forest and meadow (Table 4 and 5). The degree distribution LTL for pathogens in the meadow was not available (NA). 
Table 2 Network parameters for the three bipartite networks analyzed in the study.   Pollination Herbivory Pathogen P (HTL) 24 43 35 A (LTL) 167 133 75 M 4008 5719 2625 S 191 176 110 I 242 334 120 C 0.060 0.058 0.046 LA 1.449 2.511 1.600 LP 10.083 7.767 3.429 Degree distribution HTL/R2 (PL)2.230/0.999 (PL)1.952/0.998 (PL)1.428/0.995 Degree distribution LTL/R2 (PL)2.224/0.999 (PL)1.904/0.999 (PL)1.420/0.996 HTL niche overlap 0.055 0.139 0.043 LTL niche overlap 0.109 0.079 0.055 N-Total 9.12 15.44 6.26 NODF(Ce) 8.27 9.45 6.09 P(Ce) 0.13 0.00 0.41 
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Table 3 Network parameters for the super network   Super network P (HTL) 53 A (LTL) 376 M 19928 S 429 I 697 C 0.0350 LA 1.806 LP 12.811 Degree distribution HTL/R2 (PL)1.826/0.999 Degree distribution LTL/R2 (TPL)0.176/0.998 HTL niche overlap 0.0619 LTL niche overlap 0.0596 N-Total 7.74 NODF(Ce) 5.4 P(Ce) 0.00  
 

Table 4 Network parameters for the three networks on either side of the habitat border. The 

pollinator parameters are the same as in Table 2 because pollinators were only found in the 

meadow.   Herbivores Pathogens Pollinators   Forest Meadow Forest Meadow Meadow P (HTL) 13 36 8 29 24 A (LTL) 59 83 23 52 167 M 767 2988 184 1508 4008 S 72 119 31 81 191 I 117 238 31 88 242 C 0.153 0.080 0.168 0.058 0.060 LA 1.983 2.867 1.348 1.692 1.449 LP 9 6.611 3.875 3.034 10.083 Deg. dist. HTL/R2 (TPL)0.081/0.998 (TPL)0.066/0.996 (TPL)0.575/0.988 (TPL)0.0761/0.996 (PL)2.230/0.999 Deg. dist. LTL/R2 (PL)1.412/0.999 (PL)1.150/0.997 NA (PL)1.681/0.999 (PL)2.224/0.999 HTL niche overlap 0.207 0.147 0.122 0.050 0.055 LTL niche overlap 0.271 0.084 0.256 0.066 0.109 N-Total 30.42 20.23 16.48 8.02 9.12 NODF (Ce) 22.03 12.44 20.47 7.68 8.27 P (Ce) 0 0 0.79 0.37 0.13 
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Table 5 Network parameters for the super network on either side of the habitat border.   Super Network   Forest Meadow P (HTL) 14 46 A (LTL) 82 302 M 1148 13892 S 96 348 I 148 568 C 0.129 0.0409 LA 1.805 1.881 LP 10.571 12.348 Degree distribution HTL/R2 (PL)1.597/0.999 (PL)1.714/0.999 Degree distribution LTL/R2 (PL)0.151/0.995 (TPL)0.189/0.997 HTL niche overlap 0.158 0.0595 LTL niche overlap 0.268 0.0739 N-Total 26.36 9.39 NODF(Ce) 19.24 6.33 P(Ce) 0 0  The shape of the degree distributions generally follows a power law (PL) or a truncated power law (TPL) for a developing network.  
 

Linkage frequency distributions: Figure 6 shows frequency distributions of linkage level L for the three interacting communities: pollinators, herbivores and pathogens. Many species in each community have a low L 16.7% of the plant species connecting to pollinators had just one interaction 20.9% of the plants connecting to herbivores had one interaction and 31.4% of the plants connecting to the pathogens had one interaction. Valeriana 

officinalis (31 links) and Cardamine amara (31 links) had the highest number of interactions of all plant species in the pollination network. Fagus sylvatica (33 and 12 links) had the highest number of interactions of all the species in the herbivory and pathogenicity network. In general, many species had a few links and few species had many links.  
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Figure 6 a, b and c. Frequency distributions for pollinators, herbivores and pathogens. 

 Correlation between linkage levels of plants in the different networks was calculated and the results were as follows:  Plant linkage levels in the Pl-H and Pl-Pa networks in the meadow were significantly correlated (F=4.61, R2=0.13, p<0.04), and the Pl-H network from the meadow and the Pl-H network from the forest were significantly correlated (F=40.0, R2=0.85, p<0.001). No other possible combinations of networks analyzed in this study were significantly correlated.  
 

Membership of super network: A visualization of the super network is shown in Figure 7. The four columns of nodes represent the four interacting communities. A particular plant species may be linked to one, two or all three of the communities. 
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Figure 7 Graphical representation made in Pajek 2.0 of Moesgaard supernetwork. Red nodes: 

plants, blue nodes: pollinators, green nodes: herbivores and yellow nodes: pathogens. The lines 

are the links between plants and their three interacting communities. The species were 

arranged according to their linkage level L. Species with the highest L were placed on top and 

then the rest of the species were placed according to descending degree.   A plant species i is a member of one of the three networks if it has links to one or more pollinators, herbivores or pathogens. Thus i gets a membership number mi (Palla et al. 2005), which is the number of networks to which it belongs. Average m (±SD) for all plant species was 1.9 ± 0.83 links to the three communities. 38%, 32% and 30% of the plant species were linked to one, two or all three communities respectively. The number of plant species S1 of each of the three bipartite networks is given in Table 6. S2 is the number of pollinators, herbivores and pathogens respectively. The overlap in shared plant species between networks is given in Table 7.  
Table 6  S1 S2 I C Plant-pollinator PlPo 24 167 242 0.06 Plant-herbivore PlH 43 133 334 0.06 Plant-pathogen PlPa 35 75 120 0.05  
Table 7  Soverlap PlPo–PlH 0.51 PlPo–PlPa 0.61 PlH–PlPa 0.77  
Modularity: The modularity analysis gave a level of modularity M of 0.57. This was highly significant, because the mean ±SD of 100 randomizations were 0.53±0.0054. There were ten modules in the network; these are shown in Figure 8 and 9. The roles of the species in the different modules were found and the numbers of species within each 
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of the roles were: 365 peripherals, 34 connectors, 13 module hubs, and 2 network hubs. There were 15 satellite species that did not connect to the main network modules. These are shown in the lower right corner in Figure 8 and table 8. 
 

Table 8 The roles and their distribution among the communities   Pollinators Herbivores Pathogens Plants Peripherals 132 101 60 18Connectors 9 19 3 3 Module Hubs 0 0 0 13Network Hubs 0 0 0 2 Satellites 1 3 4 7   

 
Figure 8  The super network sorted into 10 modules. Hubs (network and module hubs) are in 

the center of modules and the peripherals surround them. The connectors connect the modules, 

as well as the network hubs. Green = plants, yellow = pollinators, red = herbivores and blue = 

parasites.    Plants (green dots) were in the center of the modules and seemed to function as network or module hubs. The pollinators (yellow dots) were to a large extent 
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peripherals as were the herbivores (red dots) and the pathogens (blue dots). The connectors were dominated by herbivores (19 out of 34).   

 
Figure 9 Species in the modules are placed in the area where they were found. Some modules 
(3, 4, 6, 7, 8, 9 and 10) were manly in the meadow. Some modules (1 and 5) were both the 
meadow and the forest. And one module (2) was mostly in the forest.  The species in the modules were spread across the two different habitat types. Some modules had species both in the forest and the meadow, and one module had most of the species in the forest, but the majority of the modules had the main part of their species in the meadow (Figure 9). 
 

Ratio of mutualists to antagonists TM/TA: For the 53 plant species only 19 plants had both a mutualistic and an antagonistic interaction. The bulk of the plants are involved in just a few mutualistic to antagonistic modules, and a few plants are involved in numerous mutualistic to antagonistic modules.  
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The distribution (Figure 10 ) follows a truncated power law. Melián et al. (2009) use the term module to describe the building blocks of the super network. This term is equivalent to the term motif used in other studies (Prill et al. 2005). A mutualistic to antagonistic module is defined as a plant that has an interaction to a mutualist and an antagonist. If there are two mutualists and two antagonists the plant has four modules (Melián et al. 2009).  
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Figure 10 Cumulative distribution of the mutualistic to antagonistic ratio.  

The cumulative distribution of TM/TA decayed and followed a truncated power law.  
Turnover of species and links when species in networks are crossing habitat 

borders: The turnover study shows a very clear pattern: The turnover rates (t) between adjacent plots were not significantly different, except for the plots on either side of the habitat border (Figure 11 a, c and e). Here there was a clear difference in turnover rate between plots 4 and 3 where the turnover rate was significantly different from the adjacent plots on either side. In the pollination graphs, (t) from plot 4 to 3 was as high as 0.5, but this was a result of 100% extinction and no colonizations or survivors. This is evident in Figure 11 f where the colonization rate (c) dropped to zero and the extinction rate (e) increased to one. This was in line with the fact that no pollinators 
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were observed in the forest during the observation period. Thus, to pollinators the habitat border was impenetrable.   
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Figure 11 a-f (t), (c) and (e) for pollinators, pathogens and herbivores.  Figure a), c) and e); Each 

column indicates the (t) from one plot to the next for either plants (green), “animals” (blue) or 

links (pink) and the stars indicate if there is a significant difference between the turnover rates.  

P<0.05= *. P<0.005= ** and P<0.0005= *** The graphs are read from left to right where plot 6 

was the plot furthest out in the meadow and plot 1 was the plot furthest in the forest (Figure 2) 

and the stars describe the difference between the left columns to the adjacent column to the 

right. Figure b), d) and f) show average colonization and extinction rates for plants, animals and 

links. 

 

DISCUSSION In this discussion the properties and potential of the super network approach will be explored and secondly I will discuss classical network approaches including food webs (in relation to the herbivory network), pathogenicity networks and mutualistic networks (in relation to the pollination network). The discussion will be in relation to the three bipartite networks analysed in this study (plant-pollinator, herbivore and pathogen networks). Finally a discussion of the analyses used in this study will be made, ending up in a general conclusion.  
Properties of classic networks and super networks: Bipartite species-species networks show small world characteristics and are nested, and if they are of certain size (above 50 species) they also show a modular structure (Olesen et al. 2007). In addition the degree distribution usually follows a power law or a truncated power law. Scaling up to super network it is seen in Table 3 that the degree distribution follows the same distribution patterns as the classical bipartite networks. In addition the super network is significantly nested and it is significantly modular with 10 modules (Figure 9). This shows that a super network has some of the same characteristics as expected for classical pollination networks (Watts and Strogatz 1998, Bascompte et al. 2003, Olesen et al. 2006, 2007). Network size had an influence on many of the parameters listed in Table 2-5. This is also clear when looking at the connectance in the super network in Table 3. The connectance decreases when the size of the network increases, and the connectance in Table 3 with the highest number of species in the network is lower than any of the connectance values in Table 2. In addition the two connectance values in Table 5 
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(where the super network is divided between the forest and the meadow and each partial network has fewer species then the combined super network in table 3) are also higher than the one in table 3. Other reasons for the very small connectance could be the addition of constraints. Here potential links are not realized due to reasons that make the links impossible (Olesen et al. 2010a). These could be resource constraints and would be evident in a super network because of for example wind pollinated plant species are included in the web. They have interactions with herbivores or pathogens, but no pollinators pollinated them and this is a resource constraint which is not seen in a single bipartite network.  When scaling up from a species network to a super network some parameters change, and the reason for this could be as simple as a change in size of the network. The niche overlap in the three bipartite networks of this study (Table 2) is quite small, but they become even smaller when the network is scale up to a super network (Table 3). This is because the super network has different species communities included within the network and the plants in the three bipartite networks included are not completely overlapping, and are therefore a part of different niches. On the other hand when comparing the three bipartite networks niche overlap with the niche overlap in Table 4 there has been a division between the two sides of the habitat border. In a smaller and more homogenous habitat there is a higher overlap of niches. This is also true for the super network (Table 3 and 5) except for the meadow at the HTL.  It is expected that a mutualistic network will be nested (Bascompte et al. 2003). This was not the case in this study, nor was the pathogen network nested. The reason for this is most likely that the satellite species were included in the study and this will affect the results because they are placed in the opposite part of the matrix and are unexpected presences (Figure 3). On the other hand both the herbivore network and the super network were nested. This was also true for the herbivore and super networks on either side of the habitat border (Table 4 and 5). The biological importance of whether a network is nested or not, can be discussed. In one opinion the nested pattern of a complex network is said to be nothing more than a mere statistical artefact of species having different abundances (C. Dormann pers. com) and 
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nestedness patterns may be found where there actually are none due to passive sampling (Fischer and Lindenmayer 2002). On the other hand abundance can certainly be said to be more than just statistics, and it is an important biological factor in ecology. The nested structure of networks is highly cohesive and generates a dense core of interactions among the generalist species to which the rest of the network is attached. This cohesiveness may be important when a system is disturbed because a species then would be less likely to be isolated if another species in the network was eliminated. Furthermore, when specialist species are interacting with generalist species there are alternative routes for the more rare species to persist (Bascompte et al. 2003). Whether the nestedness structure is a consequence of abundance and passive sampling or not, it is clear that this link pattern is present in complex networks and super networks and that it can have implications for the persistence of rare species.  In conclusion the super network shows similar characteristics as a classical pollination network with a nested structure and a degree distribution that follows a power law or a truncated power law. 
 

Potential of the super network approach: The plant community is strongly affected by both mutualistic and antagonistic interactions as shown in (Melián et al. 2009). Earlier studies focus upon one interaction type (either mutualistic or antagonistic) (Dunne et al. 2002, Bascompte and Jordano 2007, Dupont et al. 2009). However, because species generally engage in more than one interaction type, both mutualistic and antagonistic, a super network approach may give a better understanding of network stability. It is important to include several types of interactions both mutualistic and antagonistic to give a complete representation of the area of study. In future studies it could be of interest to include other mutualistic interactions such as seed dispersers, to balance out the dominance of antagonists (two antagonist communities and one mutualist community).   Species with just one or a few links are mainly connected to species with many links, i.e. to a core of generalists. Most of the species link to just a few species. This 



 34

structure is in accordance with the patterns found in a majority of mutualistic networks (Bascompte 2009). These networks follow the law of preferential linkage attachment, i.e. new species in a network connect to species in the network that already have many links. This is affecting the structure of frequency distributions to a great extent. Species abundance and phenophase are important explanatory variables for preferential linkage. When a species is abundant and/or has a long phenophase there will be an accumulation of links and species rich in links will get richer in links (Olesen et al. 2008, Olesen et al. 2010b).  In conclusion a super network combining different interaction types with both mutualistic and antagonistic effects on the plants will give a more full understanding of ecological networks and the structure found in the super network is in accordance with other networks.   
Classic networks: Mutualistic networks as for example seed dispersal or pollination networks possess small-world properties such as short path length and highly clustered species (Olesen et al. 2006, Dupont et al. 2011). Pollination networks are the networks with the strongest small world properties of all networks studied (Olesen et al. 2006). Mutualistic networks are nested in their structure with the links of the more specialized species forming a perfect subset of the more generalized species (Dupont et al. 2003, Bascompte and Jordano 2007, Bastolla et al. 2009). The degree distribution is often scale-free; many species have a few links and a few species have many links. This gives a highly skewed degree distribution that fit a power law, truncated power law or a more rarely an exponential distribution (Jordano et al. 2003) and this is also a sign of small world properties because all the nodes are close together in link distance. The power law distribution is expected when links added to the network are abundance related. On the other hand if there are constraints in the addition of links to the network a truncated power law is expected (Jordano et al. 2003). The constraints could be phenological uncoupling or spatial constraint where a plant and a pollinator do not occur in the same habitat. Finally resource constraints are possible as well. In this study all types of constraints are present but different 
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constraints affect the different nodes. Some are spatially or phenologically disconnected others have no links due to resource constraints. The species with many links act as hubs and glue the network together (Bascompte and Jordano 2007). So in conclusion mutualistic networks show clear small world properties. In the current study, the pollination network was not significantly nested (Table 2) which is atypical for a pollination network. This unexpected pattern could be due to the satellite species that were included in the analysis; they could be omitted in future studies if the desire was to look at just the network in question and not the whole community of the study site. The degree distribution followed a power law or a truncated power law as in a classical small world network. Host-pathogen networks consisting of host plants and their pathogens show the characteristic pattern of having many host plants with a few pathogens and a few hosts with many pathogens. This gives a nested pattern and also a scale-free degree distribution (Vázquez et al. 2005, Poulin 2010). This type of network is asymmetrical where one set of species feed on another set of species (Mouillot et al. 2008). New species entering the network tend to link to the most abundant species (Olesen et al. 2010b, Poulin 2010). In accordance with this some of the most abundant species in this study (Fagus sylcatica and Valeriana officinalis) were also the species with most links (per. obs.). The connectance decreases when the network increases in size i.e. number of species. This is the case for networks with very different interacting species communities of e.g. pathogens and hosts. All pathogen species show some degree of specialization, and therefore not all links are realized. This is especially evident in networks with many species (Poulin 2010). Abundance correlates with interaction strength. In addition abundant plants and pathogens tend to accumulate more links over time. The three networks analyzed in this study (representing a herbivory network, a pathogenicity network and a pollination network) all have in common that there is a negative correlation between network size and connectance. When comparing connectance for the three bipartite networks after correction for differences in size of the networks the pollination network would have a higher C then the herbivore network and the pathogen network would have the lowest C of the three bipartite networks.  
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The pathogenicity network in the study is not nested maybe do to the inclusion of satellite species and because the network was constructed of almost exclusively specialist pathogen species. The degree distribution follows a power law and gives an indication of small world properties. This pattern was also seen in the pollination network. Food web studies have created great debate about whether they are scale-free and show the same characteristics of small-worlds as mutualistic networks do and whether the degree distributions follow a power law, truncated power law or another distribution type (Dunne et al. 2002, Olesen et al. 2006). Based on 16 high quality networks, Dunne et al. (2002) studied small-world and scale-free properties of food webs. According to this study most food webs only partially show small-world properties. Even though the study showed, that the food webs had short path lengths as is the case for small-worlds, the clustering was lower than expected in a small-world network. The reason for the deviation of the clustering in food webs compared to other networks is not just related to the connectance, but also the small sizes of the studied food webs. Another reason is also resource constraints for example predators do not eat plants. In the study they found that the degree distributions also deviate from other networks to some extent. When analyzing the degree distributions they found different forms, including power law, partial power law and exponential and even uniform degree distributions which are different from a degree distribution in a small world network. In addition they found that food webs with high connenctance for the most part had a uniform distribution, mid-level connectance gave an exponential distribution and low connectance a power law or partial power law degree distribution. Size of the network can again have an influence on the distribution. When a food web has relatively few species and high connectance the average degree is high and there is a small difference between average and maximum degree. This results in the cutting of the tail that would otherwise have included spesies with much higher than average degree as seen in large low connectance small-world networks. On the other hand a food web with a low connectance and a large difference between average and maximum degree shows scale-free properties as mutualistic networks. In conclusion food webs have some similarities to a classic 
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small-world, but do not resemble the small-world and degree distributions completely and are therefore not always said to be small worlds.  Looking at the present study the food web, i.e. the herbivore network, has many of the same parameter values as the pollination network and the pathogenicity network. The Pl-H network has a degree distribution that follows a power law which is the same for the Pl-Po and the Pl-Pa networks. The reason why this food web looks more like a pathogenicity or pollination network and thereby looks more like a small world could be the small size and that in the study only includes two trophic levels i.e. a lower trophic level namely the plants and a higher trophic level the herbivores. In other studies on food webs more trophic levels and large food chains are present. The food web in this study may also be part of a larger food web including other trophic levels (Woodward and Hildrew 2001). 
 

Linkage level frequency distributions: The frequency distributions show a clear pattern of the principle of the rich gets richer and therefore there are signs of preferential linkage for all three interacting communities of the current study. A few species have a high L and many species have a low L. This pattern is in accordance with that found for classical complex networks, e.g. pollination networks (Jordano et al. 2003, Bascompte 2009, Olesen et al. 2010b) Figure 6 shows the typical pattern of a few species with many links and many species with a few links. This pattern is found in developing networks and underlines that this pattern is to be found in all growing networks; mutualistic as well as antagonistic though in food webs the pattern may be different as described previously. 
 

Modularity: The super network was significantly modular. Every species had a specific role in the system, and every module contained different species with different roles. When looking at the modular structure of the super network in this study it is obvious that the species in the roles of module and network hubs are plants. This knowledge can have importance for conservation biology. When trying to avoid biodiversity loss it is 
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important to focus on the species that are the keystone species and are resource for as many and as ecological important species as possible. This will help in avoiding cascading loss of interacting species (Dupont and Olesen 2009). The keystone species are the module and network hubs because they connect to the majority of nodes. The peripherals may include very rare species and they will be protected when focusing on their resource plants. This observation could be said to be an artifact of the way the interacting communities were chosen. All of them were connected to plant species. In Figure 9 it is clear that even though the whole network is connected, some modules are specifically on one or the other side of the habitat border and some modules cross the habitat border. To include the whole network in a plan for conservation both modules in the meadow, in the forest and modules on both sides of the habitat border must be included. If not, the super network would fall apart with consequences for the remaining species.  According to Dupont and Olesen (2009) modularity also slows down the rate of biodiversity loss by avoiding abrupt deterioration leading to extinction.   Super networks showed a similar modular pattern as a network with just two interacting communities and the modularity is high as expected for a super network (Olesen et al. 2007, Olesen et al. 2010b).  The knowledge of this structure in a super network may help in pinpointing the key areas for conservation in the future, with focus on the whole system and not just single species. This will help preserve more species in the long run because of the focus on the network as a whole. When targeting key species like network or module hubs, the positive side effect will be that peripherals and connectors will be preserved as well because they are dependent on the hubs. And this in turn will help preserve the whole super network and not just a single species or a fragment of the network as could have been the case if another approach had been used. In addition the knowledge of the structure of the network will aid us in understanding the possible effects of disturbances such as climate change or fragmentation of the landscape.    
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Ratio of mutualists to antagonists TM/TA: As opposed to the study by Melián et al. (2009) where the cumulative distribution, cunctructed from the TM/TA ratio, decayed and followed a power law the distribution in the present study followed a truncated power law. This trend could indicate constraints in the network. The significance of this is vague because of the overweight of antagonist communities. To have a more clear result, another community of mutualists should be included.  According to this analysis, some plant species can withstand a high pressure from antagonists, and others can not. This knowledge is also slightly unclear due to the overweight of antagonist communities in the study. In reality other mutualist communities are also present like seed dispersers and this could change the results.    
Turnover of species and links when species are crossing habitat borders: It is evident from the results that the forest edge has a function as a habitat border for many of the species in the super network. The different communities respond differently to the border. Herbivores and pathogens have interactions with plants on both side of the border, although there is a high turnover of species at the border (Figure 11 a-d). The pollinators on the other hand only have interactions in the meadow and there is complete extinction of all flowers, links and animals when going from plot 4 in the meadow to plot 3 in the forest (Figure 11 e and f).   A habitat border is not just when two obviously different habitats align each other like a forest and a meadow. A habitat border can be both of biotic and abiotic origin (Olesen et al. 2010b). A species with specific ecological requirements is restricted to a narrow habitat and is a habitat specialist (Sammul et al. 2008, Olesen et al. 2010b). Not all species will recognize the same border and are habitat generalists (Olesen et al. 2010b). When planning a study the researcher often do not see all habitat borders in an area, and may classify species as belonging to the same habitat, even if they do not. There seems to be a difference in turnover rates when looking at the last two rates (3-2 and 2-1) in Figure 11 a. This could be an indication of a habitat border as well, though the difference is not significant.  In future studies it would be interesting 
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to look at habitat borders that are not as obvious as the one studied here. Perhaps where there is a gradient from one habitat type to another. Species crossing a habitat border may not take part in the network in the adjacent habitat but just move through to seek other suitable habitats. In conclusion information about species crossing a border would have been lost if the study had just been made within one habitat or if data from both habitats had been pooled. It was shown that species cross habitat borders and therefore networks and super networks cross habitat borders. When scaling up and including different habitats the study will give a more complete and detailed description of the network in question. Furthermore, it will aid in better knowledge for conservation plans and understanding of biodiversity loss due to disturbances. This information increases the knowledge about species crossing habitat borders and that different habitats facilitate the species in the network (Hagen and Kraemer 2010) and thereby gives an indication of the stability of the networks when exposed of disturbances on either side or both sides of the habitat border.   
Perspectives for future studies: In the study some lessons were learned regarding data sampling and methodology. These will be highlighted in the following and suggestions to corrections will be given. Data sampling: Sampling of data was done in plots of 2x2m. But this might not be the best way to represent the species communities. In an unpublished study by (Vissing et al. Unpublished) it is shown that using transects of 0.5x9m gives a significant better collection of plant species and therefore it will also influence the amount of interaction partners observed. Another factor to take into account is the sampling effort. When sampling some links might not be discovered and are therefore missing links. Others are forbidden i.e. they are impossible to encounter irrespective of sampling effort because of linkage constraints like spatio-temporal uncoupling or resource-constrained forbidden links where the flower and the pollinator do not match. An example is a bumble bee and the wind-pollinated flower of Fraxinus 

excelsior (Olesen et al. 2010a). In this study an extended sampling effort of for example the pollination data with sampling every day during the summer could 
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eliminate some of these missing links in combination with using transects instead of plots. During sampling of the herbivore and pathogen data leaves were collected (see material and methods). This was also done in the beginning of the season where the plants were very small and not fully grown. This sampling method might have affected some plants so much that they did not mature to adulthood, and could have resulted in missing links as well. Without an expert in this type of data at the study site it is hard to collect the data in any other way but to collect the infected leaves and identify them in the laboratory. Therefore some missing links must be present. Temporal dynamics: In the study spatial dynamics were accounted for by placing plots both in the forest and in the meadow and looking at the turnover from plot to plot. Another dynamic to take into account is temporal dynamics. According to a study by Olesen et al. (2008) several factors are influenced by temporal dynamics. There were only few differences between parameters when looking at the two years compared in the study, but the within season differences were substantial. This is seen in other studies and could be a general pattern. In future studies it would be interesting to look at the seasonal variation for the super network parameters, and to compare the changes on either side of the habitat border, and see if similar changes are observed in the forest and in the meadow during the season. Satellite species: In calculating the different parameters and making the analysis in this study 15 satellite species were included. In future studies these species could be omitted, because they are not a part of the super network or any of the other networks, given that there are no links connecting them to the network. They blur the results if you are looking at just the network. But if the study is of the whole area and all species within the study plot, the satellite species should be kept in the analysis as was done in this study.   Seed dispersers: In the TM/TA analysis two antagonist communities were included, herbivores and pathogens. On the other hand only one mutualist community was included in the study. To balance out the overweight of antagonists and give a more correct representation of the area of study it would be wise to include another mutualistic community such as seed dispersers. This would give a more correct description of the combined community.  
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Habitat border: A habitat border can be many things and within what I perceive as a habitat some unseen borders might have been present, such as differences in soil content, pH gradients and temperature differences.   If the study was to be repeated in the future several factors should be considered. Transects would be preferred over plots. Sampling effort should be intensified, and the number of leaves collected could be reduced if proper expertise was at hand. Inclusion of temporal variation and inclusion of a second mutualistic community would be recommended as well. Accounting for all the factors mentioned would have demanded more resources and more time than was possible in this study, but they are important to take into account if a study like this is to be repeated in the future.  
CONCLUSION Nature is not just constructed of individual species. Nature is a dynamic of species and the links between them. When looking at just single species in a single habitat a lot of information is lost, because they will as a rule always have interactions to other species and therefore be influenced by these. The influence can be in a positive way by mutualists or in a negative way by antagonists. The mutualistic to antagonistic ratio affects the species involved. Some plants can withstand a high pressure from antagonists and others only have mutualists linked to them.   The super network encompasses all the different types of links and gives the much needed overview of the structure of an area with nestedness, modularity and frequency distributions. Which are not very different from a classical network. In combination with the network spanning two habitats the effect of a habitat border is included as well. With the effects of turnover, extinction and colonization from plot to plot showing how species and communities perceive a habitat border. Modules spanning two habitats and thereby crossing the habitat border show the importance of including adjacent habitats. Combining all of theses analysis shows the structure of the network and gives a way to target areas for conservations where as many and important species are conserved as possible and thereby conserving the whole super network community.  



 43

Acknowledgements: I am grateful to Mats Gustafsson (Plants), Henning Bang Madsen (Hymenoptera), Viggo Mahler (Coleoptera), Jens Mogens Olesen (Plants), Boy Overgaard (Diptera),   Jens H. Petersen (Fungi), Søren Tolsgaard (Syrphidae) and Benjamin Øllgaard (Plants) for help with species identification. I also want to thank Dennis Boll, Melanie Hagen and Kristian T. Nielsen for technical support, ideas and comments on the report. I am also very grateful to R. Guimerá for letting me use his modularity algorithm (SA). Finally I want to thank Aarhus City Council for permission to use the study site.  
REFERENCES 

Web pages: http://www.denstoredanske.dk 
Jurnals: Albert, R., H. Jeong, and A.-L. Barabasi. 2000. Error and attack tolerance of complex networks. Nature 406:378-382. Almeida-Neto, M., P. Guimaraes, P. R. Guimaraes, R. D. Loyola, and W. Ulrich. 2008. A consistent metric for nestedness analysis in ecological systems: reconciling concept and measurement. Oikos 117:1227-1239. Atmar, W. and B. Patterson. 1993. The measure of order and disorder in the distribution of species in fragmented habitat. Oecologia 96:373-382. Balcan, D., V. Colizza, B. Goncalves, H. Hu, J. Ramasco, and A. Vespignani. 2009. From the cover: Multiscale mobility networks and the spatial spreading of infectious diseases. PNAS : Proceedings of the National Academy of Sciences 106:21484-21489. Barabasi, A. L. 2009. Scale-Free Networks: A Decade and Beyond. Science 325:412-413. Bascompte, J. 2009. Disentangling the web of life. Science 325:416-419. Bascompte, J. and P. Jordano. 2007. Plant-animal mutualistic networks: The architecture of biodiversity. Annual Review of Ecology Evolution and Systematics 38:567-593. Bascompte, J., P. Jordano, C. J. Melian, and J. M. Olesen. 2003. The nested assembly of plant-animal mutualistic networks. Proceedings of the National Academy of Sciences of the United States of America 100:9383-9387. Bastolla, U., M. A. Fortuna, A. Pascual-Garcia, A. Ferrera, B. Luque, and J. Bascompte. 2009. The architecture of mutualistic networks minimizes competition and increases biodiversity. Nature 458:1018-U1091. Batagelj, V. and M. Andrej. 2009. Program for analysis and visualization of large networks reference manual. Buldyrev, S. V., R. Parshani, G. Paul, H. E. Stanley, and S. Havlin. 2010. Catastrophic cascade of failures in interdependent networks. Nature 464:1025-1028. 



 44

Christiansen, S. M. 1998. Flora i farver. 10 edition. Politikens Forlag. Coulianos, C.-C. and I. Holmasen. 1991. [Galls: a field guide book on gall formation on wild and cultivated plants.]. Interpublishing. Dormann, C. F., B. Gruber, M. Devoto, J. Fruend, J. Iriondo, D. Vazquez, N. Bluethgen, and M. Rodriguez-Girones. 2009. Visualising bipartite networks and calculating some ecological indices. Dunne, J. A., R. J. Williams, and N. D. Martinez. 2002. Food-web structure and network theory: The role of connectance and size. Proceedings of the National Academy of Sciences of the United States of America 99:12917-12922. Dupont, Y. L., D. M. Hansen, and J. M. Olesen. 2003. Structure of a plant–flower-visitor network in the high-altitude sub-alpine desert of Tenerife, Canary Islands. Ecography 26:301-310. Dupont, Y. L. and J. M. Olesen. 2009. Ecological modules and roles of species in heathland plant–insect flower visitor networks. Journal of Animal Ecology 
78:346-353. Dupont, Y. L., B. Padron, J. M. Olesen, and T. Petanidou. 2009. Spatio-temporal variation in the structure of pollination networks. Oikos 118:1261-1269. Dupont, Y. L., K. Trøjelsgaard, and J. M. Olesen. 2011. Scaling down from species to individuals: a flower–visitation network between individual honeybees and thistle plants. Oikos 120:170-177. Ellis, M. B. and J. P. Ellis. 1997. Microfungi on land plants: an identification handbook. Richmond Publishing Company Ltd, Slough UK. Fischer, J. and D. B. Lindenmayer. 2002. Treating the nestedness temperature calculator as a “black box” can lead to false conclusions. Oikos 99:193-199. Gathmann, A. and T. Tscharntke. 2002. Foraging ranges of solitary bees. Journal of Animal Ecology 71:757-764. Guimaraes, P. R. and P. Guimaraes. 2006. Improving the analyses of nestedness for large sets of matrices. Environmental Modelling & Software 21:1512-1513. Guimerà, R. and L. A. N. Amaral. 2005. Functional cartography of complex metabolic networks. Nature 433:895-900. Guimerà, R., S. Mossa, A. Turtschi, L. A. N. Amaral, and K. W. Wachter. 2005. The worldwide air transportation network: Anomalous centrality, community structure, and cities' global roles. Proceedings of the National Academy of Sciences of the United States of America 102:7794-7799. Hagen, M. and M. Kraemer. 2010. Agricultural surroundings support flower-visitor networks in an Afrotropical rain forest. Biological Conservation 143:1654-1663. Ings, T. C., J. M. Montoya, J. Bascompte, N. Bluthgen, L. Brown, C. F. Dormann, F. Edwards, D. Figueroa, U. Jacob, J. I. Jones, R. B. Lauridsen, M. E. Ledger, H. M. Lewis, J. M. Olesen, F. J. F. v. Veen, P. H. Warren, and G. Woodward. 2009. Ecological networks - beyond food webs. Journal of Animal Ecology 78:253-269. Jordano, P., J. Bascompte, and J. M. Olesen. 2003. Invariant properties in coevolutionary networks of plant–animal interactions. Ecology Letters 6:69-81. Krebs, C. J. 1999. Ecological methology. 2 edition. Benjamin/Cummings. 



 45

Leibold, M. A., M. Holyoak, N. Mouquet, P. Amarasekare, J. M. Chase, M. F. Hoopes, R. D. Holt, J. B. Shurin, R. Law, D. Tilman, M. Loreau, and A. Gonzalez. 2004. The metacommunity concept: a framework for multi-scale community ecology. Ecology Letters 7:601-613. Leicht, E. A. and R. M. D'Souza. 2009. Percolation on interacting networks. Arxiv preprint arXiv:0907.0894. Mandahl-Barth, G. 1965. Hvad finder jeg i skoven. Politikens Forlag. Melián, C. J., J. Bascompte, P. Jordano, and V. Krivan. 2009. Diversity in a complex ecological network with two interaction types. Oikos 118:122-130. Møller, P. F. and H. Staun. 2002. Skovens dyr og planter. 2 edition. Politikkens Forlag. Mouillot, D., B. R. Krasnov, G. I. Shenbrot, and R. Poulin. 2008. Connectance and parasite diet breadth in flea-mammal webs. Ecography 31:16-20. Olesen, J. M., J. Bascompte, Y. L. Dupont, H. Elberling, C. Rasmussen, and P. Jordano. 2010a. Missing and forbidden links in mutualistic networks. Olesen, J. M., J. Bascompte, Y. L. Dupont, and P. Jordano. 2006. The smallest of all worlds: Pollination networks. Journal of Theoretical Biology 240:270-276. Olesen, J. M., J. Bascompte, Y. L. Dupont, and P. Jordano. 2007. The modularity of pollination networks. Proceedings of the National Academy of Sciences of the United States of America 104:19891-19896. Olesen, J. M., J. Bascompte, H. Elberling, and P. Jordano. 2008. Temporal dynamics in a pollination network. Ecology 89:1573-1582. Olesen, J. M., Y. L. Dupont, E. O'Gorman, T. C. Ings, K. Layer, C. J. Melián, K. Trøjelsgaard, D. E. Pichler, C. Rasmussen, and G. Woodward. 2010b. From broadstone to zackenberg: Space, time and hierarchies in ecological networks. Pages 1-69 in W. Guy, editor. Advances in Ecological Research. Academic Press. Olesen, J. M. and P. Jordano. 2002. Geographic patterns in plant-pollinator mutualistic networks. Ecology 83:2416-2424. Olesen, J. M., A. Traveset, and C. Stephaniscu. submittet. Strong long-term temporal dynamics in ecological networks. Polis, G. A., W. B. Anderson, and R. D. Holt. 1997. Toward an Integration of landscape and food web ecology: The dynamics of spatially subsidized food webs. Annual Review of Ecology and Systematics 28:289-316. Poulin, R. 2010. Network analysis shining light on parasite ecology and diversity. Trends in Parasitology 26:492-498. Prill, R. J., P. A. Iglesias, and A. Levchenko. 2005. Dynamic properties of network motifs contribute to biological network organization. PLoS Biol 3:e343. Sammul, M., T. Kull, K. Lanno, M. Otsus, M. Mägi, and S. Kana. 2008. Habitat preferences and distribution characteristics are indicative of species long-term persistence in the Estonian flora. Biodiversity and Conservation 17:3531-3550. Thompson, J. N. and B. M. Cunningham. 2002. Geographic structure and dynamics of coevolutionary selection. Nature 417:735-738. Trolle, L. 2003. Gads håndbog om sommerfugle. Gads Forlag. Vázquez, D. P., R. Poulin, B. R. Krasnov, and G. I. Shenbrot. 2005. Species abundance and the distribution of specialization in host–parasite interaction networks. Journal of Animal Ecology 74:946-955. 



 46

Vespignani, A. 2009. Predicting the behavior of techno-social systems. Science 
325:425-428. Vespignani, A. 2010. Complex networks: The fragility of interdependency. Nature 
464:984-985. Visscher, P. K. and T. D. Seeley. 1982. Foraging strategy of honeybee colonies in a temperate deciduous forest. Ecology 63:1790-1801. Vissing, M., L. Olesen, K. Helms, and H. Olesen. Unpublished. Herbivori netværksundersøgelse ved Moesgaard Have. Watts, D. J. and S. H. Strogatz. 1998. Collective dynamics of 'small-world' networks. Nature 393:440-442. Woodward, G. and A. G. Hildrew. 2001. Invasion of a stream food web by a new top predator. Journal of Animal Ecology 70:273-288.   



Appendix 1 

 47

Pollinators: 
004 
008 
023 
030 
032 
033 
034 
036 
037 
039 
040 
041 
045 
050 
051 
052 
053 
054 
057 
058 
059 
060 
063 
065 
074 
080 
085 
086 
088 
089 
93 
103 
105 
107 
113 
114 
118 
122 
124 
128 
129 
134 
135 
136 
142 

144 
146 
149 
160 
172 
184 
187 
191 
196 
198 
343 
339 sort bille 
340 flue  
344 Lille møl 
355 Myg 
356 Myg 
5-mm sort flue ikke fanget 
91 myg 
95 Flue  
A1 Stor mygflue 
A10 Lille grå flue 
A11  
A12 
A2 Eristalis intricata 
A3 
A9 Lille bitte flue 
Aflang flue 
Andrena 
Aphantopus hyperantus 
Apis mellifera 
Asilidae sp. 
Bladbille larve  
Bombus hypnorum 
Bombus lapidarius 
Bombus lucorum 
Bombus pascuorum 
Bombus pratorum 
Bombus sylvestris 
Bombus terrestris (complex)  
Bombus terrestris (complex) IMG_4119 
Bombylius major 
Brun/orange sommerfugl 
Byturus aestivus 
Calocoris affinis 
Cheilosia albitarsis 
Cheilosia chloris 
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Cheilosia gigantea 
Cheilosia impressa 
Cheilosia pagana 
Coccinella septempunctata 
Criorhina berberina 
Cychramus luteus 
Dasytes plumbeus 
Episyrphus belteatus 
Episyrphus Mørk brun, lysebrun med 
striber 
Eristalis interrupta 
Eristalis pertinax 
Eristalis sp. 
Eupeodes corollae 
F01 
F02 
F03 
F04 
F05 
F23 
F25 
F42 
Ferdinandea cuprea 
Flue ikke fanget 
Heliophilus pendulus 
Humlebi (slap væk) 
IMG_4070 
IMG_4071 
IMG_4072 
IMG_4074 
IMG_4128 
Judolia cerambyciformis 
Kålsommerfugl 
Lasioglossum calceatum 
Leptura melanura 
Lille grålig svirreflue 
Lille kålsommerfugl 
Lille myg 
Lille myg slap væk 
Lille sort flue 
Lille sort flue m. røde øjne 
Lille sort myg 
Lille svirreflue 
Logria hirta 
Lycaena phlaeas 
Melanogaster hirtella 

Melanostoma mellinium 
Melanostoma scalare 
Meligethes aeneus 
Meligethes ikke fanget 
Myg 
Normada panzeri 
Osmia rufa 
Picromerus bidens 
Pipiza noctiluca 
Platycheirus albimanus 
Platycheirus peltatus 
Preris napi 
Præstebille 
Rhingia campestris 
Rød Guldsmed 
Sort flue 
Sort flue ikke fanget 
Sort flue m. vrikkende krop 
Sort svirreflue alm. 
Sort svirreflue m. hvide striber 
Sort/hvid svirreflue  
Sphaerophoria scripta 
Spyflue? 
Stor Nomada 
Strangalia sp. (Bille) 
Svirreflue m. gule striber 
Svirreflue sp. 
Svirreflue? 
Tachina fera 
Timandra griseata 
Tæge IMG_4005 
Volucella pellucens 
 
Herbivores: 
??? 
Aflange bid + net 
Aflange bid, brun net og kant 
Aflange huller 
Bid 
Bid af kronblad 
Bid brun aflang gang net 
Bid i bladkant 
Bid i blomst 
Bid kant 
Bid kant lille 
Bid kant m. brun net 



Appendix 1 

 49

Bid m. lyt net 
Blad spundet sammen 
Bladhul 
Bladhuller 
Bladhuller, lille, gråhvid larve 
Bladhveps brun 
Bladhveps grøn 
Bladloppe 
Blomst bidt af 
Blomsterstand bidt 
Blomsterstand ædt 
Brun hul 
Brun mine 
Brun net langs åre 
Cikadeskum 
Cocon med Bladhveps brun 
Fladmine 
Gracilária syringélla 
Hak i kant 
Hakke bid m. brun kant 
Hakket bid 
Hakket bid brun kant 
Hakket bid fra kant 
Hakket bid fra kant m. brun kant 
Hakket bid kant 
Hakket bid kant langs åre 
Hakket bid kant m. brun kant 
Hakket bid langs åre 
Hakket bid m. brun kant 
Hartigíola annúlipes 
Hul 
Hul midt imellem bladribber 
Huller 
Huller + larve 
Hvid bid 
Hvid prikker i lys cirkel (Mine/galler) 
Hvidgrøn mine 
Irregulære bid 
Irregulære bid m. brun kant 
Irregulære rude bid m. brun kant 
Irregulære runde bid 
Irregulære store runde bid m. brun kant 
Irregulært bid langs åre 
Irregulært ovalt bid 
Irreulært stort bid 
Kant rundt bid 

Kantet bid 
Kantet bid langs åre 
Kantet bid m. brun kant 
Kantet bid net 
Kantet hul 
Knop huller 
Lang kantet hul 
Langt bid 
Larve Grøn 
Lille bid kant 
Lille Kantet bid 
Lille rundt hul 
Lille rundt hul m. net 
Lithocollétis faginélla 
Lysebrun gnav 
Lysegrøn mine 
Meget små runde bid 
Mikíola fági 
Mine m. ekskrementer 
Minerflue 
Neptícula basalélla 
Net bid 
Net bid lille 
O. fági,larven 
Orchéstes fági 
Ovalt bid 
Overflade raspet 
Pubbe 
Runde bid 
Runde bid kant 
Runde bid m. brun kant 
Runde bid net 
Rundt bid 
Rundt bid kant 
Rundt hul 
Rundt hul i blad 
Rundt hul m. brun plamage 
Røde galler 
Røde galler m. hår 
Røde kugler 
Rødt hul 
Små aflange bid 
Små bid 
Små bid m. brun kant 1 
Små bid m. brun kant 2 
Små bid m. brun kant + net 
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Små bid m. net 1 
Små bid m. net 2 
Små brune bid 
Små brune huller 
Små hakkede bid 
Små hvide runde bid 
Små irregulære bid 
Små irregulære bid m. brun kant 
Små kantede bid 
Små ovale bid 
Små runde huller 
Små sorte knopper 
Snudebille 
Sorte ekskrementer 
Sorte kugler 
Spind & larve 
Stor bid kant 
Store bid kant 
Store bid langs ribber 
Store irreulære runde bid 
Stort bid 
Stort bid kant 
Stort bid langs åre 
Stort irregulært hul 
Stort irregulært hul m. brun net 
Stort rundt hul 
Vandkarselarve glas 1 
Voks dyr 
Ædt 
 
Pathogens: 
Brun gul kant 
Brun kant 
Brun plamage 
Brun plamage spids 
Brun plet 
Brun plet med rød kant 
Brun spids 
Brun spids ned langs midterribbe 
Brun svamp 
Brune aftegninger (svamp/virus) 
Brune pletter 
Brune prikker 
Brune prikker m. lys kant 
Brune streger 
Brune svampepletter 

Brunlig svamp 
Fungus sp. 1 
Fungus sp. 10 
Fungus sp. 11 
Fungus sp. 12 
Fungus sp. 13 
Fungus sp. 14 
Fungus sp. 15 
Fungus sp. 16 
Fungus sp. 17 
Fungus sp. 18 
Fungus sp. 19 
Fungus sp. 2 
Fungus sp. 20 
Fungus sp. 21 
Fungus sp. 22 
Fungus sp. 23 
Fungus sp. 24 
Fungus sp. 25 
Fungus sp. 3 
Fungus sp. 4 
Fungus sp. 5 
Fungus sp. 6 
Fungus sp. 7 
Fungus sp. 8 
Fungus sp. 9 
Gule pletter 
Gule prikker/huller 
Hvid plamage 
Hvide pletter 
Hvide prikker  
Lys brun plamage 
Lysebrun plamage 
Micro brune pletter 
Microsphaera alphitoides 
Mørkbrun plet m. lysbrun krans 
Mørkebrune pletter 
Pletter 
Pyrenomycetes 
Rund brun plet 
Rød farve 
Rød kant 
Rød spids 
Rødbrun plamage 
Rødbrune pletter (virus/bac) 
Rødbrune streger 
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Røde prikker 
Røde streger 
Små brune pletter 
Små brune prikker 
Små lyse pletter 
Små lysebrune pletter 
Små rødbrune pletter 
Små sorte pletter 
Sortbrun plamage 
Sortbrun streg midt i blad 
Store brune pletter mørk kant 
Svampeplet 
Uromyces dactylidis 
Virus 
 
Plants: 
Acer pseudoplatanus 
Ajuga reptans  
Alnus glutinosa 
Anemone nemorosa 
Angelica sylvestris  
Anthriscus sylvestris  
Caltha palustris 
Cardamine amara 
Cardamine pratensis 
Cardamine sp. 
Centaurea Jacea  
Cerastium fontanum  
Circaea lutetiana 
Cirsium oleraceum  
Cirsium palustre 
Cirsium vulgare  
Corylus avellana 
Crataegus sp. 
Crepis paludosa  
Epilobium hirsutum 
Epilobium palustre 
Epilobium parviflorum 
Fagus sylvatica 
Filipendula ulmaria  
Fraxinus excelsior 
Galium aparine 
Galium odoratum 
Galium palustre ssp. palustre 
Geranium robertianum  
Geum riviale  

Geum urbanum 
Glechoma hederacea 
Heracleum sphondylium 
Lathyrus montanus  
Lathyrus pratensis  
Leaf? 
Lotus uliginosus  
Lychnis flos-cuculi  
Lysimachia thyrsiflora 
Lysimachia vulgaris  
Lythrum salicaria  
Mentha aquatica  
Mentha sp 
Myosotis scorpioides 
Pimpinella major  
Poa trivialis 
Polygonum amphibium  
Potentilla erecta  
Prunella vulgaris 
Quercus robur 
Ranunculus acris  
Ranunculus ficaria 
Ranunculus flammula  
Rubus caesius 
Rubus idaeus 
Rumex sp. 
Scutellaria galericulata 
Silene dioica  
Stellaria graminea  
Stellaria palustris  
Taraxacum sp. 
Trifolium campestre  
Trifolium pratense  
Trifolium repens  
Urtica dioica 
Valeriana officinalis  
Veronica beccabunga  
Veronica chamaedrys  
Veronica Monana 
Veronica serpyllifolia  
Veronica sp. 
Vicia cracca  
Vicia sepium  
Viol riviniana 
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Abstract In nature, any species links to other species, building up networks of 

increasing complexity. In the last decade, the structure, dynamics and stability of 

many ecological networks have been described. These have been studied as isolated 

entities. However, this is a methodological abstraction, because networks are 

organised into networks, resulting in large constructions termed super-networks. 

These consist of more than two kinds of species and more than one kind of link or are 

made up of spatially discrete units. Three examples of super-networks are presented: 

network book, meta-network, and interacting network. We analysed the structure of a 

super-network of plants and their pollinators, herbivores and pathogens, expanding in 

space across a sharp habitat border, and explored its robustness against cascading 

extinction of species. Our study habitats were a meadow and its surrounding forest. 

The super-network consisted of 414 species (46 plants, 167 pollinators, 129 

herbivores, and 72 pathogens). It was nested and modular, consisting of ten modules. 

One of these was in the forest, two in both the forest and meadow and the last seven 

were in the meadow. 95% of all possible links were forbidden because of various 

constraints: 22% of all forbidden links were spatially constrained because we included 

two habitats and most of the species were only living in one of these, 25% were 

seasonally constrained, and a few percentages were reward constrained Finally, ½ 

remained unexplained. There was a large peak in turnover rates of species and links 

when crossing the habitat border. Finally, we simulated extinction by removing 

species one at a time. If a plant went extinct, we might expect eight secondary species 

extinctions among the pollinator, herbivore or pathogen communities, and if a species 

among the latter communities went extinct, we might expect only 1.3 secondary 

species extinctions among the plants. We expect different kinds of super-network to 

vary in robustness and extinction dynamics. Our super-network analysis is an 

approach both to disentangle large, complex networks and to achieve a more holistic 

understanding of natural complexity.  

 

Keywords Extinction, linkage constraint, meta-community, plant-herbivore 

network, plant-pathogen, plant-pollinator, robustness, spatial coupling 
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INTRODUCTION 

Since the seminal paper by Watts & Strogatz (1998), much insight has been gained into the 

structure and dynamics of real complex networks. These are studied as isolated, closed 

entities, i.e. all links leaving the network are pruned off. However, networks link to other 

networks etc., e.g. the transmission network of epidemic diseases, the air transportation 

network and the associated social network constitute one interacting operating unit (Balcan 

et al. 2009; Vespignani 2009; Leitz & D’Souza 2010). The threat to human health can only 

be understood if all three are considered together. This goes for nature as well. Single, 

isolated networks of species and their links do not exist. They are merely fragments of 

nature delimited by the mind of the researcher, striving to achieve study plot homogeneity.  

As ecologists, we operate with complexities such as food webs, host-pathogen 

networks, mutualistic networks etc. in which each species has a defined functional role. In 

reality, however, a species plays several roles in nature, e.g. herbivore, pollinator, N-fixator, 

competitor and ecological engineer. Consequently, each species gets entangled into several 

kinds of link and literally, no species escapes the ecological web. Even if we ignore “the 

hidden players”, the microorganisms (sensu Thompson et al. 2002), it will probably be 

impossible to encounter one single species on this planet without different links to other 

species. Thus species are members of several networks and hence link them together. These 

larger and more diverse networks of networks are here called super-networks (Olesen et al. 

2010; see Fig. 1 for three examples of super-networks). In our definition, a super-network 

either consists of >2 kinds of nodes and >1 kind of link or is made up of spatially discrete 

units coupled by migrant species, or both. If not, we call it a local network, e.g. a plant-

pollinator network within a defined habitat (e.g. Dupont et al. 2003).  

Thus an ecological super-network is an open system of interconnected local 

networks, i.e. of species communities, interacting with each other in a heterogeneous and 

hierarchical fashion, resulting in hierarchically organised modules. A community is a group 

of co-occurring and functionally or taxonomically related species, e.g. all hummingbird 

species in a fragment of dry, tropical forest; and a module is a group of highly linked 

species often of different community origin, e.g. a few hummingbirds and frugivorous 

birds, some leaf-mining dipterans, a couple of micro-fungi, a white-tailed deer and their 

plants. A species module may contain both intra- and inter-community links.  

Scale-free or broad-scaled ecological local networks are resistant to errors but prone 

to attack on their hubs (Dunne et al. 2002; Melián & Bascompte 2004). However, recent 

research from outside ecology warns us that super-networks may have completely different 
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properties, e.g. being very sensitive to errors (Buldyrev et al. 2010; Vespignani 2010). Node 

failure in one local network may cascade out as a disruptive avalanche into other local 

networks, e.g. a breakdown in the network of Italian power stations initiated failures in the 

Internet, which again cascaded back, causing further shutdowns of power stations 

(Buldyrev et al. 2010, Fig. 1C). In addition, the percolation threshold, i.e. when a super-

network breaks apart, becomes considerably lowered when links between its local networks 

are included (Leicht & D’Souza 2010). 

In this study, we (1) described the structure of a super-network of plants and their 

pollinators, herbivores and pathogens, expanding in space across a sharp habitat border, 

and (2) explored its robustness against extinction of species, belonging to different 

communities and playing different topological role.  

 

MATERIALS AND METHODS 

Study site and data sampling 

The study site ‘Moesgaard Have’, Denmark (56º05’ N, 10º14’ E) is a wet meadow 

surrounded by Fagus sylvatica forest. We used 18 plots á 2 X 2 m, placed 10 m apart in a 6 

X 3 grid (Fig. 2). From April 20 to August 28 in 2009, we made observations of interactions 

between all plant species and their flower visitors, herbivores and pathogens (i.e. micro-

fungi, bacteria, and vira). A pollination link was noted, when an arthropod species made 

physical contact with the interior of a flower. We did not distinguish between flower visitor 

and pollinator. A herbivore or a pathogen link was scored, when a herbivore in action was 

observed or when evidence of herbivory or pathogenicity was noted on foliage. Most 

flower-visiting arthropods were identified to species, whereas herbivores and pathogens 

most often only were sorted into morphological types. The four months of fieldwork 

encompassed the flowering phenophase of almost all species. However, several plant 

species had green foliage for a more extended period.  

Information about three local interaction networks was collected: a plant-pollinator, 

plant-herbivore and plant-pathogen network. All 18 study plots were censused twice a 

week, and pollination data were collected each time, whereas data on herbivory, 

pathogenicity, flowering phenophase and plant abundance data were only sampled once a 

week. Each pollination census consisted of 15 min of observation per plot. Pollinators were 

either identified in the field and thus not sampled or sampled for later identification. At 

each herbivory and pathogenicity census, all plants within plots were carefully inspected for 

herbivores, and signs of herbivory and pathogen attacks. Herbivores were caught for later 
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identification and all attacked plant parts were sampled and included in a reference 

herbarium. This collection was mainly sorted into morphological types. Flowering 

phenology of species was scored as number of open flowers in each of the 18 plots during 

the season.  

 

Analysis 

In our network analysis, we used different pieces of software: Pajek v. 2.0 (Nooy et al. 2005), 

R v. 2.10.0: package ‘bipartite’ (Dormann et al. 2008), ANINHADO v. 3 (Guimarães & 

Guimarães 2006, Almeida-Neto et al. 2008), and SA (Guimerà et al. 2005). The first three 

were downloaded as freeware from the web, whereas the last was made available to us, 

courtesy to R. Guimerà. Pajek is a general software for network analysis and visualization. 

‘bipartite’ is a package, which calculates the values of a long list of descriptive network 

parameters, and ANINHADO calculates the degree of nestedness of the interaction matrix 

associated with a network, using the metric NODF. In ANINHADO, we used the most 

restrictive null model, called CE. SA is a strong algorithm for module detection (for details 

see Guimerà et al. (2005) and Olesen et al. (2007)).  

 Unobserved links were either missing due to insufficient sampling or forbidden due 

to various constraints (Olesen et al. 2011). A forbidden link was spatially constrained if its 

species occurred in different habitats, e.g. in our forest and meadow; it was phenologically 

constrained if the activity periods of its species did not overlap during the season, e.g. if the 

flowering and activity period of a plant and pollinator species did not overlap, or if the 

season with green foliage of a species and the activity period of a herbivore or pathogen did 

not overlap. Finally, linkage might be constrained by a reward mismatch, e.g. between a 

wind-pollinated plant and a flower-visiting insect. In general, constraints do not operate 

independently and some links become forbidden by several constraints in action: Here, we 

said that a spatial constraint preceded a phenological constraint, which further preceded a 

reward constraint. We only explained each forbidden link by the constraint in precedence. 

In addition, constraints might vary in importance between seasons, i.e. being partial in 

their expression (Olesen et al. 2011) and might even be completely non-existing in some, 

e.g. phenological constraints.  

We calculated level of species and link turnover from one plot to the next along 

each of the three transect lines perpendicular to the habitat border (Fig. 2). Then all 

survivals (#s), colonizations (#c) and extinctions (#e) were counted when moving from one 

plot to the next. A survival was defined as a species or link present in two adjacent plots. A 
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colonization event took place when a species was not present in the first plot, but appeared 

in the next one, and vice versa for an extinction. From these counts, the colonization rate c, 

the extinction rate e and the turnover rate (t) were calculated: c =  #c/(#c + #s), e = #e/(#e 

+ #s) and t = (e + c)/2. For each of the four interacting communities, viz. plants, 

pollinators, herbivores and pathogens, mean and standard deviation were calculated for 

each c, e and t value.  

The robustness of the super-network and its local networks against species 

extinctions was analysed by removing all species (primary extinctions), one at a time, and 

scoring any secondary extinctions.  

 

RESULTS 

Description of super-network 

Using all data about presence of species and links, an interaction matrix was constructed 

and its associated graph, the total super-network, is shown in Fig. 3. This network was 

made up of 414 species. In addition, 15 species were organized into seven small satellites 

unconnected to the super-network itself; and they were excluded from the subsequent 

analysis.  

This super-network might be sliced up into six 2-mode local networks (Fig. 4): 1) a 

meadow plant-pollinator network (meadow Pl-Po), 2) a forest Pl-Po network, 3) a meadow 

plant-herbivore network (meadow Pl-H), 4) a forest Pl-H network, 5) a meadow plant-

pathogen network (meadow Pl-Pa), and 6) a forest Pl-Pa network. However, network 2) did 

not exist because no pollinators were observed in the forest (Fig. 4).  

The remaining five local networks might then be pooled into various super-

networks: e.g. grouped into three meta-networks according to the function of the species 

(Fig. 4A, for a definition of meta-network see legend to Fig. 1B): a Pl-Po meta-network, 

lumping all forest and meadow species together (which here was equal to the meadow Pl-

Po local network), a Pl-H meta-network, and a Pl-Pa meta-network (Fig. 4A). Thus a meta-

network in our study consisted of two spatially separated local networks connected by 

species moving between meadow and forest.  

The five local networks might also be grouped into two network books according to 

habitat (Fig. 4B, for a definition of a network book see legend to Fig. 1A): a forest (lumping 

the forest Pl-H, and forest Pl-Pa networks together) and a meadow network book (lumping 

the meadow Pl-Po, meadow Pl-H and meadow Pl-Pa networks together). These two 

network books had two and three pages, resp., i.e. the three matrices (Pl-Po, Pl-H, and Pl-
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Pa) (Fig. 4B). In our study these three meta-networks or two network books were then 

further compiled to an even larger construction, the total super-network (Fig. 3, Table 1, 

ESM 1). 

 The total super-network and the Pl-Po and Pl-H local networks were nested, 

whereas the Pl-Pa local network was not. The forest and the meadow network books and 

the three meta-networks were also nested (Table 1). 

The total super-network and the Pl-Po local network were significantly modular 

and had ten and eight modules, respectively (Fig. 1, Table 1). The Pl-H and Pl-Pa local 

networks were not significantly modular and might each be regarded as one module. The 

Pl-Po meta-network and the meadow network book were also modular (Table 1).  

The modularity analysis showed that in the total super-network 365 species were 

peripherals (88% of the total 414 species), 34 were connectors (8%; 30 of these were 

herbivores), 13 were module hubs (3%; all were plants), and only two species were super-

network hubs (the meadow plants Geum rivale and Crepis paludosa). The modules of the total 

super-network are described in details in (ESM 2-3).  

 

Network membership of plants 

A plant species i was a member of one of the three local networks in a network book, if it 

had links to one or more pollinators, herbivores or pathogens. Thus i got a membership 

number mi (Palla et al. 2005), which was the number of local networks to which it belonged. 

Average m (±SD) for all plant species was 1.9 ± 0.83 memberships to the three 

communities, Po, H, and Pa. Thirty-eight percentage, 32% and 30% of the plant species 

were member of one, two or all three networks, respectively. The overlap in shared plant 

species between the local networks in the network book was [2*100*(no. shared plant 

species)/(sum of plant species in the pair of compared networks) =] 51% between the Pl-Po 

and Pl-H local networks, 61% between the Pl-Po and Pl-Pa local networks, and 77% 

between the Pl-H and Pl-Pa local networks. 

 

Correlation between linkage level of plants in different local networks 

Linkage level of a species is the number of links it has to other species. Plant linkage levels 

in the Pl-H meadow and Pl-Pa meadow local networks were correlated (F = 4.61, R2 = 

0.13, p < 0.04), and so were the Pl-H meadow and Pl-H forest local networks (F = 40.0, R2 

= 0.85, p < 0.001), but none of the other possible correlations were significant. 
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Linkage constrained by space, phenology and resource 

Frequencies of the different kinds of linkage constraint were calculated for the total super-

network, meta-networks, network books, local networks and modules (Table 2). Here, we 

assumed that no links were missing because of insufficient sampling. If true, c. 95% of all 

possible links were forbidden because of various constraints, because the connectance of 

the total super-network, network books and meta-networks was 5%. Twenty-two 

percentages of all forbidden links in the total super-network and meta-networks could be 

explained by a spatial constraint because we included two habitats and most of the species 

were only living in one of these. ¼ of all forbidden links could be explained by a seasonal 

constraint, because many species were phenologically uncoupled due to the long study 

period compared to the length of phenophases. A few percentages of all forbidden links 

were explained by a reward constraint because flower visiting insects did not visit the 

flowers of several wind-pollinated plants, such as Fagus sylvatica, Alnus glutinosa, Urtica dioica 

etc. Finally, about ½ of all forbidden links remained unexplained. In the network books 

and local networks, all interacting species co-occurred and consequently, no forbidden links 

were spatially constrained. In the modules, the proportion of unexplained links was only 

13%. Most forbidden links in modules were seasonally constrained, i.e. each module 

consisted of a small group of species tightly linked, but many species did not occur 

simultaneously in the module. 

 

Species and link turnover across the border between forest and meadow 

Turnover rates between adjacent plots were not significantly different, except for the plots 

on either side of the habitat border. Here there was a clear peak in turnover rate between 

plots 3 and 4, i.e. when moving between forest and meadow (Figs 2, 5). In the pollination 

network, the turnover rate from meadow to forest was maximum (t = 0.5); this was caused 

by 100% extinction and 0% colonization (Fig. 5A).   

 

Disturbance, robustness and cascading effects 

We analysed the robustness of the total super-network against species extinction cascades. 

By the latter, we mean species extinction causing secondary, tertiary etc. extinctions in the 

network.  

If a plant went extinct, we might expect eight secondary species extinctions among 

A, i.e. the pollinator, herbivore or pathogen communities (Table 3). Seventy-six 
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percentages of the plant extinctions would be followed by secondary extinctions among A. 

These values did not differ from similar values for the local networks.  

On the other hand if a species among A went extinct, we might expect only 1.3 

secondary species extinctions among the plants. Less than 1% of the extinctions among A 

would be followed by secondary extinctions among the plants. The risk of plant extinctions 

were lower than in the local networks, except for the Pl-Pa forest network. Further (tertiary) 

extinctions did not take place.  

 

DISCUSSION 

Local networks are composed of one or two kinds of species and one kind of link. They are 

extensively studied, e.g. networks of interacting plants and pollinators (e.g. Dupont et al. 

2003), plants and ants (e.g. Díaz-Castelazo et al. 2010) and hosts and their parasitoids (e.g. 

Cagnolo & Valladares 2011). However, local networks are not isolated entities, but may be 

combined into larger constructions, here termed super-networks. These may include 

several kinds of species and links, and also expand in space across different habitats and 

also across different seasons or years. Well-studied examples of super-networks are food 

webs, including ≥3 trophic levels (e.g. Rezende et al. 2009). However, food webs have not 

been studied from a super-network perspective. Melián et al. (2008) studied a mutualistic-

antagonistic network. In our terminology, their study network is a super-network, 

structured as a network book of three pages. The spine of the book was also here the plant 

community, which interacted with communities of pollinators, seed dispersers and 

herbivores. 

 We focused upon the study of super-networks by presenting three kinds of super-

network (meta-network, network book and interacting networks) and merged two of these 

into a larger construction, which was analysed as three meta-networks, two network books 

and combined. We focused upon a characterization of structure, operating linkage 

constraints, and robustness against cascading species extinctions.  

 Melián et al. (2008) suggested that we might not be able fully to understand network 

stability by just focusing upon one kind of link and hypothesized that stability is related to 

the interaction between different kinds of link. This has been demonstrated in systems of a 

few species (Gómez 1996; Armbruster 1997; Memmott et al. 2000; Strauss & Irwin 2004). 

Melián et al. (2008) demonstrated the importance to network persistence of strong 

interactions in species with high mutualistic to antagonistic ratios. Our super-network was 

especially sensitive to extinction of plant species, which often resulted in secondary 
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extinctions among the other communities of pollinators, herbivores and pathogens. The 

reason lies in the network book structure. The spine of the book is made up of the plant 

communities, and extinctions here produced network fragments. This would have been 

counteracted by potential links between pollinators, herbivores and pathogens, but the 

observation of these was not part of our protocol. In addition, extinction cascades may be 

affected by the overlap of the plant species participating in the different types of links. The 

latter has been studied in social networks (Palla et al. 2005; Palla & Vicsek 2006).  

 We expect the different kinds of super-network to have different robustness and 

extinction dynamics, and the stability properties of super-networks and local networks may 

differ as well.  

 Super-networks are more heterogeneous in their species and link composition and 

more wide spanning in space and time than local networks, and consequently show more 

linkage constraints, i.e. in meta-networks, by definition, a substantial proportion of the 

forbidden links are spatially constrained because some of the species in the meta-network 

occur in different local habitat patches. Spatial coupling, however, is a characteristic 

feature of meta-networks. Connector species identified by the modularity analysis may 

serve as spatial couplers (Olesen et al. 2007).  Such species have been analyzed in several 

studies, e.g. Witman et al. (2010) and Nummi et al. (2011). 

 Our analysis still suffers from a coarse classification of species and their links. No 

two species and links are alike, e.g. a flower-visitation link may be pollinating, nectar-

robbing, pollen-harvesting/consuming etc. (Genini et al. 2010). A pollinating link may 

further vary in its efficiency and cost to the plant, e.g. some flower-visiting insects consume 

or harvest many pollen grains per anther-to-stigma transferred pollen grain, whereas others 

are much cheaper in their services.  

Our super-network analysis is an approach to disentangle Darwin’s entangled bank 

with all its kinds of species and links, but also towards a more holistic understanding of 

natural complexity sensu lato. Our study is a first move towards an open-system 

characterization, which certainly through further elaborative work will make system 

stability predictions more firm and valid (Buldyrev et al. 2010).  
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Figure legends 

 

Figure 1 Examples of super-networks. A, a “network book” is a super-network composed 

of >2 kinds of node and >1 kind of link and all co-occur in space. The green nodes 

constitute the “spine” or “back” of the network book and each interaction matrix becomes 

a “page” in this book. The super-network here has only two pages or local networks, viz. 

one is the interaction matrix between green and red nodes, and the other is the interaction 

matrix between green and yellow nodes. An example will be a food web, in which the 

green nodes can be herbivores and the red and yellow ones are plants and first-order 

predators, respectively; B, a meta-network is a super-network of 1- or 2-mode local 

networks constructed of the same kinds of species and link but distributed spatially discrete 

into local patches, being connected by migration (cf. the concept of a meta-population; 

Hanski 1999). Patches can be any kind of habitat as long as they share species from the 

meta-network. Blue arrows indicate species migration, i.e. the two red nodes linked by a 

blue arrow symbolize the same species, as do the linked green nodes. An example is 

spatially separated plant-pollinator local networks linked by migrating pollinator species; C, 

interacting networks constitute a super-network of two or more 1-mode local networks 

linked together and co-occurring in space. The local networks are of different nature, but 

they depend functionally upon each other. Disturbances spread from one local network to 

the other and cascades back again (example of a cascade: black arrows). An example is a 

plant competition network and a herbivore competition network linked together by trophic 

links, e.g. a herbivore consumes a plant and consequently affects the competitive hierarchy 

among plants, and this cascades back and influences the herbivore competition hierarchy, 

i.e. this kind of super-network can be a food web including intra-trophic competitive or 

facilitative links. All three super-networks may further be combined in various ways into 

even larger constructions in space, time and structural detail. 

 

Figure 2 Study plot design. 

 

Figure 3 Visualization of the total super-network using the software Pajek. Species are 

placed in their modules, which are numbered as in Table 1 in the electronical 

supplemental information, ESM 2 and 3. Species and links observed in both forest and 

meadow are placed in the ring labelled forest+meadow. Fifteen species in seven small, 2-3 

species modules were unconnected to the rest of the network. Six belonged to the meadow 
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and are here arbitrarily placed in the centre, and the seventh module was a forest module 

and is placed at the lower right corner. 

 

Figure 4 The total super-network was composed of five local networks. They may be 

organized into either (A) three meta-networks or (B) two network books. Pl, plant 

community; Po, pollinators; H, herbivores; and Pa, pathogens. 

 

Figure 5 Species and link turnover across the habitat border between meadow and forest. 

Numbers indicate plots, see Fig. 2. 
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Table 1. Descriptive parameter values of the total super-network and its component 

networks (species and links in satellites were excluded, see main text). P, number of 

plant species; A, total number of species of pollinators, herbivores or pathogens; I, 

total number of links; C = 100I/(AP), connectance; NODF, level of nestedness 

(mean±SD, calculated from 1000 randomizations); and M, level of modularity 

(mean±SD, calculated from 100 randomizations). ***, p < 0.001; ns, non-significant. 

In network books, matrices tested for nestedness and modularity were Pforest x Aforest 

and Pmeadow x Ameadow; and in meta-networks, matrices were Pl-Poforest & meadow, Pl-Hforest 

& meadow, and Pl-Paforest & meadow. Pl, plant community; Po, pollinators; H, herbivores; and 

Pa, pathogens. 

 

 

 P A I C  NODF M 

 

 

Total super- 46 368 689 4.1 7.5*** (4.7±0.35) 0.57*** (0.53±0.005) 

network  

 

Meta-network 

Plant-pollinator 23 167 242 6.3 8.5*** (5.0±0.58) 0.67*** (0.61±0.009) 

Plant-herbivore 40 129 330 6.4 14.7*** (8.3±0.69) 0.46ns (0.45±0.007) 

Plant-pathogen 31 72 117 5.2 5.1ns (4.5±0.68) 0.64ns (0.63±0.013) 

 

Network book 

Forest network 14 86 147 12.2 6.2*** (4.1±0.59) 0.55ns (0.55±0.017) 

Meadow network 40 305 571 4.7 10.3*** (7.3±0.71) 0.59*** (0.53±0.012) 

 

 



Numbers No. observed
Scale Matrix size links space season reward unknown
Super-network 16928 683 3707 4274 498 7766
Meta-network 3744 228 719 804 0 1993
Network book 6702 359 0 2142 249 3952
Single network 1310 102 0 400 0 808
Module 133 50 9 53 1 20

Percentages Pct. observed
Scale Matrix size links space season reward unknown
Super-network 100 4 23 26 3 48
Meta-network 100 6 20 23 0 57
Network book 100 5 0 34 4 62
Single network 100 8 0 33 0 67
Module 100 38 10 64 2 24

No. forbidden  links constrained by

Pct. forbidden links constrained by

Table 2 Linkage constraints on different levels of  network scale. Values are means for 
three meta-networks, two network books, five local networks, and ten modules.



Table 3 Extinction risk. Pl, plant community; Po, pollinators; H, herbivores; and Pa, pathogens.

Total super-
network

Pl-Po meadow Pl-H forest Pl-H meadow Pl-Pa forest Pl-Pa meadow

No. plant species in network, P 46 23 14 34 7 27
No. primary plant extinctions causing 
secondary extinctions among A

35 18 8 22 6 9

Total no. secondary extinctions among A 274 134 42 50 18 38
Risk of  secondary extinction among A 
after a primary plant extinction

0.76 0.78 0.57 0.65 0.86 0.33

Mean no. secondary extinctions among A 
per primary plant extinction

7.83 7.44 5.25 2.27 3.00 4.22

No. pollinator, herbivore or pathogen 
species, A

368 167 63 84 23 54

No. primary extinctions among A causing 
secondary plant extinctions

3 2 1 3 0 7

Total no. secondary plant extinctions 4 3 2 6 0 8
Risk of  secondary plant extinction 
after a primary extinction among A

0.008 0.012 0.016 0.036 0.000 0.130

Mean no. secondary plant extinctions per 
primary extinction among A 1.33 1.50 1.50 1.50 0.00 1.14

Local network



Total super-network Giant component Satelllites Total
A 368 8 376
P 46 7 53
M 16928 – –
I 689 8 697
C 0.04 – –

All excl. satellites
Meta-network Pl-Po Pl-H Pl-Pa

A 167 129 72
P 23 40 31
M 3841 5160 2232
I 242 330 117
C 0.06 0.06 0.05

Network book Meadow Forest Overlap
A 305 86 23
P 40 14 8
M 12200 1204 –
I 571 147 –
C 0.05 0.12 –

Local networks
A Pl-Po Pl-H Pl-Pa

Meadow 167 84 54
Forest 0 62 23

Overlap – 18 5

P Pl-Po Pl-H Pl-Pa
Meadow 23 34 27

Forest 0 14 7
Overlap – 8 5

M Pl-Po Pl-H Pl-Pa
Meadow 3841 2856 1458

Forest – 868 161

I Pl-Po Pl-H Pl-Pa
Meadow 242 239 90

Forest – 116 31

C Pl-Po Pl-H Pl-Pa
Meadow 0.06 0.08 0.06

Forest – 0.13 0.19

ESM 1. Basic network parameter values for the different kinds of  network. A, number of  
pollinator, herbivore or pathogen species. P, number of  plant species. M = AP, matrix size. 
I, number of  links. C = I/(AP), connectance. Pl-Po, plant-pollinator network. Pl-H, plant-
herbivore network. Pl-Pa, plant-pathogen network. Network book and meta-network, see 
Fig. 1.



ESM 2. Numbers of species and links in each module. No. spp., number of species; 

no. links, total number of links; no. w-links, number of links within a module; no. b-

links, number of links between a module and the other modules. 

 

 

Module no. no. spp. no. links no. w-links no. b-links no. w-links/no. b-links 

 

 

1 33 52 32 20 1.60 

2 39 94 43 51 0.84 

3 38 123 52 71 0.73 

4 33 49 32 17 1.88 

5 49 136 64 72 0.89 

6 34 72 35 37 0.95 

7 43 73 44 29 1.52 

8 67 123 78 45 1.73 

9 47 139 62 77 0.81 

10 31 44 31 13 2.38 

 

Total (excl. satellites) 

 414 905 473 432 1.09 

Satellites 15 8 8 0 

 

 



 1 

ESM 3. Number (and pct.) of pollinator (Po), herbivore (H), pathogen (Pa), and plant (Pl) 

species in each module. 

      

     Pct. of all module spp. 

Module no. no. Po no. H no. Pa no. Pl pct. Po pct. H pct. Pa pct. Pl 

 

 

1 forest 0 23 9 1 0.0 69.7 27.3 3.0 

2 mixed 1 23 8 7 2.6 59.0 20.5 17.9 

3 mixed 0 22 9 7 0.0 57.9 23.7 18.4 

4 meadow 28 2 2 1 84.8 6.1 6.1 3.0 

5 mixed 13 16 12 8 26.5 32.7 24.5 16.3 

6 meadow 24 4 2 4 70.6 11.8 5.9 11.8 

7 meadow 23 8 10 2 53.5 18.6 23.3 4.7 

8 meadow 51 2 7 7 76.1 3.0 10.4 10.4 

9 meadow 4 24 13 6 8.5 51.1 27.7 12.8 

10 meadow 23 5 0 3 74.2 16.1 0.0 9.7 

 

Total (excl. satellites) 167 129 72 46 40.3 31.2 17.4 11.1 

Satellites 1 3 4 7 6.7 20.0 26.7 46.7 
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