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1    Abstract 
Biodiversity is a fundamental part of the functioning of ecosystems and their 

ability to provide ecosystem services. It has been shown that a high biodiversity 

increases the robustness of an ecosystem according to the insurance hypothesis. 

I propose that a similar effect can be seen on a higher scale, where a high 

diversity of ecosystem types might stabilize the ecological functionality of a 

region. By comparing eleven network characters in 70 tropical and temperate 

ecosystems their diversity was measured as Euclidean distance between the 

systems in the 11-dimensional room defined by these characters.  The diversity 

of ecosystems was shown to be significantly higher in tropical latitudes than in 

temperate. A possible explanation to this result could be that the higher species 

diversity in the tropics ecosystems allows for more types of ecosystems. A 

higher diversity of ecosystems in a region might indicate a larger amount and 

variation of possible ecosystem goods and services as well as provide the region 

with an increased robustness. The measurement of ecosystem diversity between 

regions might also be of importance in a conservation perspective, where unique 

and vulnerable ecosystems can be discovered and protected.  

2    Introduction 

Biodiversity is well studied and highly prioritized in most parts of the world 

(Rands et al. 2010). Even so, it is steadily decreasing (Barnosky et al. 2011) 

which could have unforeseen consequences in ecosystems all over the world. 

Biodiversity is often closely associated with ecosystems and their goods and 

services. The more diverse a system is the more goods and services can be 

provided from it (Hooper et al. 2005). When species go extinct and biodiversity 

decreases, it often affects the services of the ecosystem. Even if a service 

doesn’t fully disappear it might lose potency or change in character (Purvis & 

Hector 2000). Ecosystems with high biodiversity will often be less susceptible to 

species losses according to the insurance hypothesis (Yachi & Loreau 1999). 

The hypothesis states that the more species an ecosystem contains, the greater is 

the chance that it can continue providing its ecosystem services if one disappear.  

For most groups of organisms the richness and biodiversity increases the closer 

the ecosystem is to the equator (Lawton 1999). Ecosystems close to the equator 

often contain more species and a greater degree of specialization than 

ecosystems in more temperate zones. A far less studied subject is how the 

diversity among the systems are affected by their latitude (Miranda et al. 2013), 

if there are more types of ecosystems in regions closer to the equator than in 

temperate zones. In the same way as biodiversity within an ecosystem can be 

seen as a sign of robustness (Dunne & Williams 2009), it is possible to see 

variation between the ecosystems as an indication of stability in the region 
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(Loreau et al. 2003b). If there is a large diversity of ecosystems where no two 

are alike, the risk that all of them will collapse following one single disturbance 

is likely to be small.   

On the other hand, ecosystem services that depend on a single type of 

ecosystems might be increasingly more fragile the higher the region’s diversity 

is. If there only is one ecosystem of each type, a single disturbance might 

completely eliminate the service instead of only weakening it. Studies regarding 

how ecosystems interact with each other have also shown that some ecosystems 

are disproportionately important for the region (Mouquet et al. 2013). If such a 

keystone ecosystem is lost it could have serious consequences for the whole 

region.    

There are several methods to describe and analyze the diversity of ecosystems 

(Purvis & Hector 2000). One way to describe ecosystems in network ecology 

focuses on the interactions between species. Each species can be illustrated as a 

node with links connecting it to other species. These links represent different 

interactions depending on which type of network that is studied. In a parasitic-

host network there is usually only two levels with links that connect the 

parasites with their hosts (Poulin 2010). In food webs on the other hand, each 

link represents predation. Nodes that are only connected to predators are called 

basal species while nodes that are only connected to prey species are top 

predators. All nodes between them are intermediary species who both prey on 

others and are preyed upon (Briand & Cohen 1984).  

From these basic interactions it is possible to define various network characters 

that illustrate the structure of the ecosystem. These network characters can then 

be used to compare ecosystems to each other and detect where the differences 

really are. By comparing the variations of each character among different webs, 

it is possible to get a measurement of ecosystem diversity. If a group of 

ecosystems shows a high variation for a specific network character, it indicates 

that the different ecosystems differ from each other regarding that particular 

character. By measuring the variation of several network characters it could be 

possible to compare the diversity in different groups of ecosystems. 

This study will compare the diversity among ecosystems in tropical and 

temperate latitudes. Food webs from different biomes, i.e. freshwater, marine 

and terrestrial, will be compared from both groups regarding eleven network 

characters that relates to ecosystem stability.     
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3    Materials and methods 

3.1    Food webs 

To measure the variation among ecosystems from different latitudes, food webs 

from Globalweb (Thompson 2012) were used. The database contains 359 webs 

that were sorted through and categorized into groups based on their latitude. 

Ecosystems between the tropic of Cancer (23°26’ N) and the tropic of Capricorn 

(23°26’ S) where classified as tropical while systems between these tropics and 

the polar circles were classified as temperate. To make sure that the food webs 

had a high enough resolution for reliable comparisons, only systems with at least 

20 species were used. Food webs containing parasites and pollinators were also 

removed to keep all interactions comparable by solely representing predation 

(Lafferty et al. 2008). 35 tropical webs passed these conditions and the same 

number of temperate webs were chosen. To minimize variation from other 

factors than latitude, webs from similar biomes were used in both groups (Table 

1).  

 

Table 1. Number of food webs from each biome class in the tropical 
and the temperate group. 

 

 

 

3.2    Network characters 

For each food web, eleven different network characters were calculated (Table 

2). All the different characters relate to the resilience and robustness of their 

ecosystems in one way or another (Binzer et al. 2011, Eklöf & Ebenman 2006, 

Gross et al. 2009, Melián & Bascompte 2002, Stouffer & Bascompte 2011).    

  

  freshwater marine terrestrial total 

tropical webs 17 6 12 35 

temperate webs 17 6 12 35 
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Table 2. Network characters used to calculate Euclidean distances between 
ecosystems. 

Network characters Description 

Degree correlation (DC) a measure of similarity in node linkage in the system. If 
nodes with a certain number of links connects to other 
nodes with a similar number of links. 

Link density (LD) the average number of links per node in the system 

Mean trophic level (meanTL) average trophic level of the species in the system  

Motif apparant competition (MAC) the frequency of subsystems where a predator has two 
prey 

Motif explotative competition (MEC) the frequency of subsystems where two predators has 
the same prey 

Motif tri-trophic chain (MTC) the frequency of subsystems with a three-step chain of 
trophic interactions 

Characteristic path length (CPL) The mean distance of all paired shortest distances 
between nodes in the systems 

Proportion top predator links 
(GTGT) 

proportion of predation links connected to a top predator 

Proportion basal species links 
(VBVT) 

proportion of prey links connected to a basal species 

Mean generality top predators 
(MGenTop) 

average generality of the top predators in the system 

Mean generality intermediates 
(MGenInt) 

average generality of the intermediate species in the 
system 

 

To make these eleven network characters comparable, they were normalized. 

Each networks character’s mean were subtracted from each individual value. 

This value was then divided by the network characters’ standard deviations. This 

centered the means of all characters’ values around 0 and the standard deviations 

around 1.   
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3.3    Euclidean distance 

The normalized network characters can be used together to get a measurement 

of the difference between webs. To accomplish this, the Euclidean distance 

between webs was calculated through equation 1. The different ecosystem webs 

were represented by vectors in a multidimensional coordinate system, where 

each network character represent an axis. The distances between these vectors 

are given by formula 1 (Figure 1). 

𝐸𝐷𝑎𝑏 = √∑ (a𝑖 − 𝑏𝑖)
2𝑛

𝑖=1                 (1) 

EDab is the Euclidean distance between webs a and b, with coordinates i (from 1 

to n, where n is the number of axes). The further the distance between the webs 

are, the greater is the difference between their network characters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Illustration of the calculation of Euclidean distance (ED) in two dimensions. 
The Euclidean distance between the two food webs “a” and “b” is calculated 

according to equation 1:  EDab = √(3 − 2)2 + (2 − 3)2 = 1.41 
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To compare the food webs from the different latitudes, the distances were first 

calculated within each group (Figure 2). All the distances from one web to all 

the other webs within the same group were calculated for both the tropical and 

the temperate group. In the same way, all distances from each web in a group, to 

all webs in the other group were calculated. Mean values of each specific web’s 

distances to both all other webs in the same group, and all webs in the other 

group were also calculated.  

 

Figure 2. Illustration of the different kind of Euclidean distances calculated for the 
food webs. The Euclidean distance (ED) within the group was calculated from one 
web to all other within the group. The distance between groups were calculated from 
one web to all other in the other group. The ED mean is the distance between the 
mean of group 1 to the mean of group 2.  
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3.4    Statistics 

The Euclidean distances from the different groups were statistically evaluated 

with an ANOVA and a post hoc Tukey test with a significance level of 5 %. 

Both the distances within each group and the distance between them were 

compared and tested.  

Due to potential correlation between the network characters a principal 

component analysis (PCA) was also performed.  

All statistics as well as the calculations of network characters and Euclidean 

distance were made using R version 3.0.2 with RStudio, version 0.98.501 (R 

Core team, 2013).   

4    Results 

4.1    Euclidean distance 

Tropical food webs display a significantly higher value of Euclidean distance 

within the group than temperate webs (Table 3). The Euclidean distance mean 

within the temperate webs is also significantly lower than the mean distance to 

the tropical group.  

 

Table 3. ANOVA and Tukey post hoc test results of Euclidean distance. Mean and 
standard deviation values for the Euclidean distances within the tropical group, the 
temperate group and between the groups. The abbreviations within the 
parenthesizes shows which groups that were statistically compared.  

  mean st.dev. p value F value 

ANOVA   <0.001 (be,te,tr) 14.51      

tropical group (tr) 4.55 2.03 <0.001 (tr,te)  

temperate group (te) 4.07 1.47   0.45   (te,tr)  

between groups (be) 4.45 1.57 <0.001 (be,te)   
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Even though the Euclidean distances within the tropical group does not differ 

significantly from the distances between the tropical and the temperate group, it 

is possible to see some trends. The mean values of individual webs’ distances 

within the group and to webs in the other group, show that the tropical webs 

have a wider spread on both axes (Figure 3). In contrast to the temperate webs, 

several tropical webs have longer Euclidean distances to other webs within their 

group than to the temperate webs. The three most unique tropical webs, i.e. 

those with the highest Euclidean distances, are three terrestrial webs. One 

marine and two freshwater stream food webs are the most unique of the 

temperate group.  

 

Figure 3. Average Euclidean distance (ED) for each food web. The ED within the 
group are the means of the distances from each web to all other webs in the group. 
The ED between groups are the means of each web to all webs in the other group. 
The red boxplots shows the distribution of tropical webs while the white shows the 
distribution of temperate webs. The thick black line in the boxplot is the median and 
the whiskers are 1.5IQR or to the most extreme value within that range. Outliers are 
shown as unfilled circles.  
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The pairwise distances between the webs within the groups gives somewhat 

different distributions (Figure 4). The tropical group has a larger spread of 

distances with webs that ranges from the most similar (0.2 ED) to the most 

different (10.2 ED).  Temperate webs are more centered with 83 % of the 

distances between 2 - 6 ED and ranging from 0.4 to 7.9 ED. The wider spread of 

distances gives the tropical group a larger standard deviation (2.03) compared to 

the temperate group (1.47). 

 

Figure 4. Histograms of the Euclidean distances of the tropical and the temperate 
food webs. All pairwise distances between the food webs within the same group are 
displayed. 
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4.2    Network characters 

The tropical and the temperate groups have some discrepancies in the 

distribution of their network characteristics (Table 4). Several of the 

characteristics display high standard deviations in relation to their means, which 

implicates large impacts on the calculations of Euclidean distance. The standard 

deviation of the tropical webs are higher in all but four of the network 

characteristics. The variations in mean value between the network characters in 

the temperate and the tropical group indicate in which network structures the 

groups differ.  

 

Table 4. Means of the network character’s original values in the tropical and the 
temperate group. Standard deviations more than 50 % of the mean in bold. Mean 
values with more than 30 % difference between the groups in italic. 

               Temperate       Tropical 

  mean st.dev mean st.dev 

DC -0.18 0.24 -0.26 0.23 

LD 2.75 1.1 3.37 1.94 

meanTL 2.13 0.53 2.16 0.64 

Mac 0.33 0.15 0.34 0.24 

Mec 0.45 0.2 0.46 0.22 

Mtc 0.18 0.13 0.12 0.09 

CPL 2.4 0.4 2.18 0.53 

GTGT 0.5 0.25 0.51 0.34 

VBVT 0.54 0.31 0.55 0.29 

MGenTop 4.37 2.28 6.51 4.34 

MGenInt 4.02 4.15 3.31 2.65 

 

The principal component analysis indicates that the different network 

characteristics are correlated since 79 % of the variance is explained by the three 

first components. (Figure 5, Table 5). The top half of the plot contains 

predominantly tropical systems while the lower half has a greater mix of webs 

from both groups. A large proportion of the temperate webs lie in the lower left 

quadrant.  
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Figure 5. Principal component analysis of network characters from temperate and 
tropical groups. The principal components (PC1, PC2) are the two combinations of 
network characters that represents most of the variation in the data. The angle of the 
arrows indicate which axis the network character effects and the length of the arrows 
indicate which impact it has on the axis. A long horizontal arrow has large effect on 
PC1 but not on PC2. The top and right axes show the original coordinates while the 
bottom and left axes shows the effects on PC1 and PC2. 

The first two PCA axes corresponds to 62.9 % of the systems variation while the 

third axis represents another 16.1 % (Table 5.). All three PC axes contain 3-5 

network characteristics with high loading that explains the origin of most of the 

variance. 
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Table 5. Correlation of the eleven food web properties to the first three principal 
components. The four network characters with the highest loading in each axis in 
bold.  

  PC1  PC2 PC3 

  37,8% 25,1% 16,1% 

DC -0.23 0.00 0.37 

LD -0.31 0.33 -0.35 

meanTL -0.42 -0.21 0.02 

Mac 0.24 0.42 0.35 

Mec 0.11 -0.40 -0.51 

Mtc -0.35 -0.16 0.37 

CPL 0.30 -0.15 0.37 

GTGT 0.42 -0.15 0.03 

VBVT 0.41 0.18 -0.19 

MGenTop 0.02 0.51 0.02 

MGenInt -0.19 0.40 -0.22 

 

5    Discussion 

The significant results of the ANOVA indicate that there are differences 

between tropical and temperate ecosystems with respect to structural variation 

among food webs. The tropical webs have higher values of Euclidean distance 

which reflects larger degree of variation among the systems. This is further 

supported by the results shown in Figure 3 where most of the tropical webs seem 

to have a larger distance to food webs within the group, than to food webs in the 

temperate group. This result implies that the increase in biodiversity in 

ecosystems closer to the equator (Lawton 1999) might have an equivalent 

between ecosystems. It is possible that a high biodiversity of species in tropical 

latitudes also leads to a larger amount of possible ecosystem types.  

Studies have shown that biodiversity in ecosystems influence ecosystem 

services (Hooper et al. 2005). The more species an ecosystem has, the more 

services it can provide. It is possible that the same argument can be put forward 

for the number of food web types, perhaps the diversity of food webs influences 

the number of ecosystem goods and services that is provided in a region.  

Food webs with different structures might also respond differently to different 

disturbances1. If there are several types of food webs that provide the same 

ecosystem goods and services, the loss of one type might not be a serious 

problem as long as the other ones remain. If a disaster instead affected the more 

similar temperate ecosystems, the threat would be bigger as a larger part of the 

                                                           
1 pers. comm., Bo Ebenman, IFM, Linköpings universitet  
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ecosystems providing a specific service was removed. The same way as a high 

biodiversity gives an insurance for an ecosystem (Yachi & Loreau 1999) a high 

diversity of ecosystem types might be an insurance for the region. If one 

ecosystem is destroyed it might be rebuilt from immigrating species from other 

ecosystems in the region (Loreau et al. 2003a). 

On the other hand, if there are many unique ecosystems, the collapse of only a 

few of them could lead to the extinction of the entire type. This case could be 

especially important if the unique ecosystems hold a keystone role in the region 

(Mouquet et al. 2013). In these cases the removal of only a few ecosystems 

could have devastating effects on the whole region. In this case the temperate 

group, where the ecosystems seems to be more similar, might be more secure.  

Although the analysis show significant differences between the diversity of 

tropical and temperate ecosystems they are only based on eleven network 

characters. The characters used were chosen because of their known impact on 

ecosystem stability (Binzer et al. 2011, Eklöf & Ebenman 2006, Gross et al. 

2009, Melián & Bascompte 2002, Stouffer & Bascompte 2011). To make a 

more reliable comparison between the webs more characters could be used. 

Because each network character represents a specific aspect of the ecosystem, 

the best measure of variation would be to use as many as possible. This would 

probably lead to a higher degree of correlation between some of the different 

characters but the advantages could possibly outweigh the disadvantages.  

Instead of choosing characters for their ecological value, it would be possible to 

choose them depending on how easy they are to gather. Not all characters are 

easy to gather from food webs and might be distorted by incomplete food webs. 

If not all interactions has been detected and properly described some network 

characters might misrepresent the actual ecosystem (Thompson & Townsend 

2000). A recurring problem in many food webs are that several species are 

grouped together as one which makes it appear that all of them share the same 

interactions (Martinez 1993). This problem was greatly diminished by only 

using food webs with at least 20 species but there are still some food webs that 

group species together. 

There is also a possibility that some of the differences between the groups 

originate from differences in biome types. An effort was made to select webs 

that came from as similar biomes as possible in both groups (Table 1), but the 

three classes are broad and contain several different underclasses. The 

freshwater class for example contains both streams and lakes whose network 

characters might differ.    
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5.1   Social and ethical aspects 

Because this study is entirely theoretical and based on data collected for 

previous studies there isn’t any ethical quandaries. Although I don’t know how 

the previous research was performed, I don’t think it affects the ethical aspects 

of my study. The social aspects of the study come foremost from an increased 

knowledge base. As previously discussed the diversity of ecosystem types might 

have large impacts on ecosystem services and stability. By studying how 

different regions vary in ecosystem diversity it could be possible to detect which 

areas that are most vulnerable.  
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