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CHAPTER 5 
 

THE CONTRIBUTION OF LATERAL AQUATIC HABITATS 

TO MACROINVERTEBRATE DIVERSITY ALONG RIVER 

CORRIDORS 
 

Ute Karaus, Helene Guillong & Klement Tockner, submitted 

 

The lateral dimension of biodiversity along river corridors has been given scant 

attention in river ecology. Therefore, the objective of the present study was to 

quantify the distribution and diversity of lateral aquatic habitats and their 

associated macroinvertebrate communities along three river corridors 

(Tagliamento, Thur, and Rhône) in the Alps. A nested sampling design was 

applied. Along each corridor, 1-km long segments were surveyed at 10-km 

distances (14 to 17 sections per corridor). Within each segment, the main channel, 

parafluvial ponds, backwaters, and tributaries were sampled for Ephemeroptera, 

Plecoptera and Trichoptera (EPT-taxa). Overall, 159 EPT-taxa were identified in 

119 composite samples, which was between 73% and 77% of the total expected 

richness along each corridor. Lateral habitats contributed >50% to total corridor 

species richness. Diversity was hierarchically partitioned to quantify the relative 

proportion contribution of individual samples, habitats, and corridors to overall 

diversity (three river corridors). Among-sample and among-corridor diversity 

components contributed most to total EPT-taxa richness, while <15% was due to 

within-sample and among-habitat diversity components. The present study clearly 

emphasises the importance of lateral aquatic habitats for maintaining high aquatic 

biodiversity along river corridors. Consequently, these habitats need to be fully 

integrated in future conservation and restoration projects; particularly since these 
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are the first habitats that disappear as a consequence of river regulation and flow 

control. 
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INTRODUCTION 

Biodiversity in river corridors is structured along longitudinal, lateral and vertical 

dimensions (Ward 1989). Various concepts predicting species diversity along river 

corridors have been developed (Vannote et al. 1980; Statzner & Higler 1986; Ward 

& Stanford 1995; Stanford et al. 1996). The river continuum concept (RCC, 

Vannote et al. 1980) proposed maximum biodiversity in middle reaches where 

environmental heterogeneity is expected to be maximized. Statzner and Higler 

(1986) suggested that maximized biodiversity is linked to hydraulic changes 

associated with geomorphological transition zones. In extension of the serial 

discontinuity concept (SDC), Ward & Stanford (1995) included the interactions 

between the river channel and its flood plain (i.e., lateral dimension). They 

proposed greatest diversity in transition zones between constrained and braided 

sections and in the meandering reach. Stanford et al. (1996) suggested a more 

complex and extended model, which predicts maximum diversity in floodplain 

reaches and lowest diversity in geomorphological transition zones. 

Most concepts have been developed for single-thread rivers. Studies on the 

lateral organization of aquatic macroinvertebrates were restricted to individual 

floodplain segments (e.g., Amoros & Roux 1988; Castella et al. 1991; Foeckler et al. 

1991; Obrdlik & Fuchs 1991; Van den Brink et al. 1996; Tockner et al. 1999; 

Arscott et al. 2003). Although backwaters, parafluvial ponds and tributaries are 

recognised as key elements of the river “discontinuum” (e.g., Vannote et al. 1980; 

Minshall et al. 1985; Perry & Schaeffer 1987; O'Leary et al. 1992; Homes et al. 1999; 

Rice et al. 2001; Solari et al. 2002; Benda et al. 2004), their contribution to 

biodiversity at the corridor scale (regional-scale diversity) has not been tested yet. 

In addition, most diversity studies - not only in rivers - focused on alpha-

diversity (i.e., local-scale diversity), neglecting hierarchical organization of 

biodiversity (e.g., Noss 1990; Ward & Tockner 2001). Relationship between scale 

of investigation and processes that influence species diversity is the basis of the 
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distinction between inventory diversity (α-, γ- & ε-diversity) and differentiation 

diversity (β-diversity) (Magurran 2004). Studies on beta-diversity (i.e., species 

turnover along environmental gradients), for example, can be crucial to the 

understanding of environmental factors that are responsible for observed diversity 

patterns in both aquatic and terrestrial ecosystems (Bornette et al. 2001; Ward & 

Tockner 2001; Pineda & Halffter 2004). Moreover, processes that operate over a 

range of scales likely influence the structure of communities along riparian 

corridors. However, mechanisms at one spatial scale might have larger relative 

effects on community structure than mechanisms that operate at another scale 

(Shmida & Wilson 1985; Wagner et al. 2000). Identification of such critical scales is 

of great importance for the successful conservation of riverine biodiversity. 

In this study we focus on diversity of aquatic macroinvertebrates along river 

corridors by including the lateral dimension. Principal objectives are (1) to quantify 

the relative contribution of main channel, backwater, parafluvial pond and tributary 

habitats to river corridor diversity and (2) to study the hierarchical structure of 

biodiversity along river corridors. Based on this study, we discuss potential 

implications for conservation and management of river ecosystems. Emphasis was 

given on the insect orders Ephemeroptera, Plecoptera and Trichoptera (EPT). 

EPT-taxa form an important component of the benthic community of lateral 

aquatic habitats (Arscott et al. in press). Furthermore, they are frequently 

considered in basic research as well as for biomonitoring of aquatic ecosystems 

(e.g., Marchant et al. 1995; Hewlett 2000; Cereghino et al. 2003). 
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STUDY AREAS 

Three Alpine river corridors were investigated for aquatic habitats and benthic 

macroinvertebrates (Figure 1). The Tagliamento drains into the Adriatic Sea, the 

Thur via the Rhine River into the North Sea, and the Rhône into the Western 

Mediterranean Sea. The three river corridors are comparable in their 

geomorphology and catchment size, although they differ in their anthropogenic 

alteration (e.g., water abstraction, channelization). The Tagliamento is the least 

modified, the Rhône the most impacted river. 

Tagliamento 

The Tagliamento is a large gravel-bed river located in north-eastern Italy (Friuli-

Venezia Giulia; 46°N, 12°30´E; Figure 1). It rises at 1195 m a.s.l. in the Carnian 

Alps and flows 170 km to the Adriatic Sea. The catchment covers 2580 km2 with 

more than 70% located in the Alps. The Tagliamento has an average discharge of 

90 m3/s, whereas 2-, 5- and 10-year floods are estimated to be 1100, 1600 and 

2150 m3/s (Petts et al. 2000). High flow is caused by snowmelt (spring) and heavy 

rainfall (autumn) with discharge maxima of ~4000 m3/s (Ward et al. 1999); 

minimum discharge is 20 m3/s. The near-pristine character of the Tagliamento is 

reflected in its complex channel morphology, a dynamic flood regime, and an 

idealized longitudinal sequence of constrained, braided and meandering sections. 

For detailed information on the catchment and the main study area see Ward et al. 

(1999), Gurnell et al. (2000), Arscott et al. (2000), and Tockner et al. (2003). 

Thur 

The Thur is a gravel-bed river located in north-eastern Switzerland (Figure 1). It 

rises in the alpine region at 2502 m a.s.l. and flows 135 km to the Upper Rhine 

(345 m a.s.l.). The catchment area covers 1750 km2. Major parts of the upper 

catchment are in the pre-alpine zone. Average discharge is 47 m3/s, with minimum 

and maximum values of 2.2 m3/s and 1130 m3/s, respectively. The Thur is 
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channelized between the lower end of the pre-alpine zone (river-km 59) and its 

confluence with the River Rhine (river-km 135) (Uehlinger 2000). 

Rhône 

The Swiss part of the Upper Rhône River originates from the Rhône glacier at 

1763 m a.s.l. and flows 166 km to the Lake Geneva (374 m a.s.l., Figure 1). The 

catchment area covers 5220 km2 (Loizeau & Dominik 2000). Average annual 

discharge is 182 m3/s with a minimum and maximum discharge of 34 m3/s and 

1370 m3/s, respectively (Bundesamt für Wasser und Geologie 2003). The Upper 

Rhône River is channelized from river-km 45 to Lake Geneva. Numerous 

hydroelectric dams have been constructed on the main stem and on tributaries, 

which strongly modify the flow characteristics of the river (hydropeaking). Dam 

operations cause rapid variations in discharge and water level fluctuations 

(>100 cm per day) (Loizeau & Dominik 2000). 

 

METHODS 

Sampling design 

A nested design was used in this study (sensu Ward & Tockner 2001). In spring 

2002 (March until May), at approximately mean annual discharge, and before most 

EPT-larvae emerge, lateral habitat-heterogeneity and the diversity of EPT-taxa 

were investigated along the three river corridors. Along each corridor, one-km long 

segments were surveyed at 10-km distances starting at river-km 5. Within each 

segment the main channel and lateral aquatic habitats (i.e., backwaters, parafluvial 

ponds, and tributaries) were mapped (Table 1). 
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Figure 1. Catchment of the Tagliamento, the Thur, and the Rhône Rivers and 

location of individual sampling segments along each corridor (numbers; 1-km long 

segments each 10 km). 
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Table 1. Total number of composite samples (mc = main channel, p = pond, bw = 

backwater, t = tributary).

mc p bw t Total

Tagliamento 15 9 10 5 39

Thur 14 5 5 13 37

Rhône 17 3 6 17 43

Total 46 17 21 35 119
 

 

Backwaters were defined as habitats with a permanent downstream connection to a 

lotic channel but with local conditions being lentic-like and often with fine 

sediment deposits. Parafluvial (sensu Fisher et al. 1998) ponds were disconnected 

lentic waterbodies within the active zone of the corridor (sensu Frissell et al. 1986). 

A tributary was defined as the smaller and the main channel as the larger of two 

intersecting channels (sensu Benda et al. 2004). We sampled tributaries upstream 

from their confluence with the main stem. 

Macroinvertebrate sampling and treatment 

Along the three river corridors, the main channel, ponds, backwaters, and 

tributaries were systematically surveyed. Lentic aquatic habitats (ponds and 

backwaters) were sampled subsequent to the mapping. In segments with >5 lentic 

habitats, five habitats per type were randomly selected. If <5 habitats were present, 

all were sampled. Semi-quantitative samples in all aquatic habitats were collected 

using a D-shaped kick-net (mesh size: 250 µm). To ensure that ecological data 

gathered from different aquatic habitat types could be directly compared, samples 

were collected from 50 m2 area of the aquatic habitat type (Williams et al. 2004). 

Per segment, a total area of 50 m2 in main channel, ponds, backwaters, and 

tributaries was sampled for 15 min. Duration of sampling was calculated according 

to the total area of the chosen aquatic habitat type (example: two ponds with an 
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area of 100 m2 (pond 1) and 300 m2 (pond 2) occur in a hypothetical segment. In 

pond 1 an area of 37.5 m2 is sampled in 11 min and in pond 2 an area of 12.5 m2 is 

sampled for 4 min). Microhabitats within individual aquatic habitat types (e.g., large 

wood, shallow shore areas, pool-riffle sequences) were sampled proportional to 

their area. Sub-samples from each aquatic habitat type of each segment were 

combined into a composite sample and preserved in 4% formaldehyde. In the 

laboratory, all EPT individuals were identified to the lowest practical taxonomic 

level, mostly to species level. 

Data Analyses 

Jackknife estimation of species richness 

To standardize samples, jackknifed estimates (Jackknife-1, Heltshe & Forrester 

1983) of taxa richness were generated for each individual habitat type (Programme 

EstimateS Version 6.0b1, Colwell 2001). Data were standardized both by number 

of samples and number of individuals. For each aquatic habitat type, jackknifed 

estimates were permuted at random 1,000 times. Furthermore, Jackknife analyses 

were used to estimate the total expected number of species for each individual 

river corridor (Krebs 1998). 

Nestedness 

Communities are considered to be nested when species-poor sites comprise a 

subset of species assemblages in richer sites (Patterson 1987). Nestedness was 

determined using the Temperature Calculator of Atmar and Patterson (1993; 

1995). The calculated “temperature” (T) reflects the degree of order in presence-

absence matrices. It ranges from T=0° (perfectly nested) to T=100° (random). The 

data were packed in rows (samples) and columns (taxa) to maximize nestedness. 

Monte Carlo randomization (1000 permutations) was used to test whether the 
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calculated T value of the matrix was significantly lower than the T value of a 

randomly calculated matrix. 

Diversity measures 

Based on the nested sampling design, different components of diversity (sensu 

Magurran 2004) were determined (Table 2). Alpha (α) and gamma (γ) diversity are 

direct measures of species richness that differ in their hierarchical nature (spatial 

scale). Two types of beta (β) diversity were used. (1) Harrison’s beta-1 (β1) (1992) 

has been calculated to determine the distinctness of species composition (spatial 

species turnover) at three different scales (Alps, corridor, habitat types; see Table 

2) and among aquatic habitat types within each segment (within segment β1). The 

scale “Alps” combines the three river corridors Tagliamento, Thur and Rhône; 

“corridor” means Tagliamento, Thur, or Rhône; the scale “habitat type” comprises 

main channel, pond, backwater, and tributary; the scale “sample” includes all 

individual samples taken during this study (see Table 1). Beta-1 is based on 

Whittaker’s β-diversity (Whittaker 1977) and has been modified in order to 

compare transects of unequal size:  

β1 = 100
)1(

1
×

−

⎟
⎠
⎞

⎜
⎝
⎛

−

N

S

α  

where N is the number of sites, S the regional species diversity and α the mean 

alpha-diversity. Beta-1 ranges from 0 (complete similarity) to 100 (complete 

dissimilarity). (2) Lande’s beta-diversity (1996) was calculated in order to partition 

total diversity (“Alps”) (Veech et al. 2002). Lande’s β-diversity determines the 

diversity among sites (i.e., the mean number of species not found in each of the 

samples or habitats). Diversity can be partitioned into its components (alpha, beta 

and gamma) to evaluate the influence of each diversity component to total 
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diversity. Lande (1996) found that inventory and differentiation diversity can be 

partitioned by the equation:  

γ = α + β  

where γ is the number of species in the corridor and α is the mean species richness 

of individual samples or habitats. Beta can be estimated as follows: 

β = γ − α. 

This provides a measurement based on the number of species that is comparable 

with α-diversity. Therefore, diversity components at each hierarchical level can be 

calculated as βµ = γ – αµ at the highest level with m = highest level and βi+1 = αi – 

αi+1 for each lower level with i = any level beneath the highest level m. Then, the 

additive partitioning of diversity is:  

∑
=

+=
m

i
i

1
1 βαγ . 

Based on this equation, total diversity along the corridors can be expressed as the 

proportional contribution of diversity at each hierarchical level (Table 2). In the 

present study, βi of three different hierarchical levels was calculated (βC, βH, βS; 

Table 2). 

Similarity 

The mean similarity of EPT-taxa between all pairs of habitat types within each 

segment was calculated using Jaccard’s similarity coefficient (Krebs 1998). An 

analysis of variance (ANOVA) was applied to test for differences among pairs of 

habitat types. 
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Table 2. Hierarchical framework of the sampling strategy of the present study in order to
determine the different levels of biodiversity. Alps: Tagliamento, Thur & Rhône.
 See methods for further explanation.

Level Scale Inventory diversity Differentiation diversity

1 Alps εA β1A, βA

2 Corridor γC β1C, βC

3 Habitat type αH β1H, βH

4 Sample αS βS  

 

RESULTS 

Habitat distribution 

Along the three corridors, a total of 46 1-km long segments were investigated 

(Table 1). The number of backwaters and ponds was highest along the 

Tagliamento and lowest along the Rhône (Figure 2).  
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The total number of tributaries peaked in the Rhône, with the highest number in 

headwater segments (Figure 3). Along the Tagliamento, ponds and backwaters 

occurred mainly in middle, and tributaries in headwater segments (Figure 3). Along 

the Thur, ponds were most abundant in lower segments (Figure 3). 

Figure 2. Total number of 

aquatic habitat types along 

Tagliamento, Thur and Rhône 

Rivers. P=pond, bw=back-

water, t=tributary (see also 

Table 1).
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Figure 3. Lateral aquatic habitat distribution along the Tagliamento, Thur, and 

Rhône. 
 

Species richness patterns 

A total of 41918 individuals from 159 EPT-taxa was collected in 119 samples 

along the three corridors (Appendix, Table 1). Corridor diversity was highest along 

the Thur (112 taxa), followed by the Tagliamento (78) and the Rhône (65). Based 

on Jackknife analyses, between 73% (Tagliamento) and 77% (Rhône) of the total 

expected species richness was sampled. Rare taxa (<1% of total abundance) 
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accounted for 85%, 53%, and 88% of all taxa along the Tagliamento, the Thur, and 

the Rhône, respectively (Appendix, Table 1). 

Estimates of species richness produced using Jackknife procedures, standardized 

for number of samples and individuals, exhibited a different increase of richness 

for individual aquatic habitat types (Figure 4). Based on samples, tributaries 

showed most species (Figure 4A); based on individuals, ponds exhibited a steeper 

increase in species richness (Figure 4B). 
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Figure 4. Predicted 

number of EPT-taxa in 

individual habitat types 

based on Jackknife 

analyses standardized for 

samples (A; surrogate for 

area) and individuals (B). 
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Lateral aquatic habitats (i.e., ponds, backwaters and tributaries) contributed 

>50% to total EPT-taxa richness, although the relative contribution of habitat 

types was different along the three corridors (Figure 5). Along the Tagliamento, 

14% of total number of taxa was restricted in their occurrence to main channel 

habitats, 4% to ponds, 23% to backwaters, and 13% to tributaries; along the Thur, 

17% was restricted to main channel habitats, 7% to ponds, 3% to backwaters, and 

27% to tributaries; and along the Rhône, 12% of taxa was restricted to main 

channel habitats and 54% to tributaries. Ponds and backwaters were almost 

completely absent in the Rhône. 
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Figure 5. The cumulative relative (%) species richness along the Tagliamento, Thur 

and Rhône Rivers. Taxa not found in the main channel were cumulatively added. 
 

Longitudinal diversity patterns differed among corridors (Figure 6). Along the 

Rhône River, diversity peaked in the headwater section. Habitats downstream of 

river-km 25 added only five new taxa to total corridor diversity. No clear 

longitudinal patterns occurred along the Thur and Tagliamento. In both rivers, 

cumulated richness increased continuously along the corridor, with a steeper 

increase along the Thur (Figure 6). 
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Figure 6. Taxa richness (total no of taxa per segment) and cumulative number 

(cum no of taxa; dotted line) along the three river corridors. 
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Nestedness and hierarchical organization 

EPT-assemblages were highly nested within each corridor. The calculated 

temperatures (Tagliamento: 10.1°; Thur: 16.5°; Rhône: 6.6°) were significantly 

(p < 0.001) lower than values randomly produced by Monte Carlo simulations. 

Point diversity (α-diversity) was highest along the Thur and lowest along the 

Rhône (Levels 2-4; Figure 7). Along each corridor, average species richness was 

lowest in pond habitats (Levels 3 & 4; Figure 7). 

Species turnover (β1-diversity) varied across scales (Figure 7). Turnover rate was 

highest at the scale “Alps” (Level 1) and lowest at the corridor scale (Level 2). 

 

 

Level 1
εA/β1A

Level 2
γC/β1C

mc p bw t mc p bw t mc p bw t Level 3
37/30 18/56 49/43 33/50 54/27 32/52 38/37 70/42 25/24 2/100 7/25 57/24 αH/β1H

9±6 4±4 10±8 11±7 12±5 10±5 18±1 12±9 5±4 1±1 3±2 12±12 Level 4 
αS±SD

Rhône
65/19

Tagliamento

Alps
159/43

78/25
Thur

112/23

 

 

Figure 7. Hierarchical organization of species diversity. Level 1: Alps (εA=Alps 

epsilon; β1A=Alps beta-1); Level 2: corridor (γC = corridor gamma ; β1C = corridor 

beta-1); Level 3: habitat type (αH = habitat type alpha; β1H = habitat type beta-1); 

Level 4: individual sample (αS = sample alpha). Mc=main channel, p=pond, bw= 

backwater; t= tributary. 
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Two additional trends could be observed: (1) Turnover rate, or β1H-diversity, 

decreased (except for ponds) from the near-natural Tagliamento to the highly 

impacted Rhône (Figure 7). (2) β1H-diversity decreased laterally (main 

channel<backwaters<ponds and tributaries) along the Thur and Tagliamento. 

Along the regulated Rhône, the number of backwaters and ponds was too low to 

detect any lateral trend in beta-diversity. Species-turnover rates among aquatic 

habitat types within each segment (within segment β1) were high. Mean values 

±SD were 64±16, 63±20, and 59±16 for Tagliamento, Thur and Rhône, 

respectively. 

Total species diversity was partitioned into its hierarchical components. Along 

the three rivers, among-sample and corridor diversity components (βS and βC) 

contributed most to total EPT-taxa richness, while <15% was due to within-

sample and habitat type diversity components (αS and βH; Figure 8). 
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Figure 8. Additive partitioning of observed species richness across three spatial 

scales. Values are expressed as the percent of the total diversity of EPT-taxa 

diversity explained by each hierarchical level (see Table 2). 
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This means that the heterogeneity among individual habitats (i.e., individual 

samples) explained more of the total species richness than the heterogeneity within 

individual habitats and among habitat types (i.e., pond, tributary, backwater, main 

channel). 

The average faunal similarity between pairs of aquatic habitat types was low, and 

differences between pairs were not significant (ANOVA; Table 3). 

 

Table 3. Mean taxa similarity (± SD) between all pairs of aquatic habitat types along the
three river corridors (mc=main channel, p=pond, bw=backwater, t=tributary).

mc-bw mc-p mc-t bw-p bw-t p-t

Tagliamento 0.18 ± 0.09 0.16 ± 0.19 0.15 ± 0.11 0.1 ± 0.11 0.18 ± 0.13 0

Thur 0.22 ± 0.12 0.22 ± 0.14 0.14 ± 0.07 0.17 ± 0.07 0.09 ± 0.09 0.04 ± 0.05

Rhône 0.26 ± 0.1 0.17 ± 0.29 0.18 ± 0.12 - 0.05 ± 0.08 0
 

 

DISCUSSION 

Habitat and species richness patterns 

Species diversity patterns along rivers has been well studied. In particular, it is well 

known that species are replaced along the river channel due to changes in 

temperature, sediment structure, and stream metabolism (see Vinson & Hawkins 

1998). However, most studies focused on single-thread rivers and excluded lateral 

habitats. In the present study, we included lateral aquatic habitats along entire river 

corridors. As a consequence, none of the existing concepts that have been 

developed to predict biodiversity along river corridors (e.g., Vannote et al. 1980; 

Ward & Stanford 1983; Statzner & Higler 1986) can be supported by our data. 

Each river exhibited a distinct longitudinal pattern sequence in species diversity 

(Figure 6), which emphasizes the uniqueness of rivers. Hynes (1975), already 

proposed that ‘every stream is likely to be individual’. Moreover, each habitat type 
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contained a very distinct community, and faunal similarity among individual habitat 

types was very low (Table 3). The “individuality” of rivers as well as of habitat 

types, however, has been challenged by anthropogenic impacts. River regulation 

not only eliminates lateral habitats (see Figures 2 and 3) it also most likely leads to a 

homogenization of aquatic communities. Along the regulated Rhône, for example, 

main stem habitats were species-poor; remaining diversity was primarily allocated 

to tributaries (parafluvial ponds and backwaters were almost completely absent). In 

tributaries, which are less affected by hydropeaking and canalization, 87% of the 

present corridor species pool occurred (Appendix, Table 1). 

Lateral aquatic habitats such as tributaries, backwaters, and parafluvial ponds are 

among the least-investigated habitat types along river corridors. Although these 

habitats cover only a small proportion of the total aquatic area (<8% in braided 

flood plains along the Tagliamento, Van der Nat et al. 2003), they contributed 

>50% to total species richness (Figure 5). In particular backwaters and tributaries 

contained rich communities that were different from main channel habitats. A 

modest contribution by parafluvial ponds can partly be explained by our focus on 

EPT-taxa. By considering other groups such as Mollusca, Crustacea, Odonata or, 

Coleoptera, we may expect a much higher contribution of lentic habitats 

(parafluvial ponds, backwaters) to total species diversity (U. Karaus, unpubl. data). 

Jackknife analyses, standardized by number of individuals, exhibited a steeper 

curve in ponds compared to other habitat types (Figure 4B). Between-pond 

heterogeneity is expected to be large, which was confirmed by higher turnover 

rates among ponds compared to other habitat types (Figure 7). From an ecological 

perspective, ponds can be regarded as “concave islands” with environmental 

properties strongly related to local conditions (Karaus et al. 2005). Generally, pond 

invertebrate diversity has been related to a range successional stages, and therefore, 

to disturbance frequency (Castella 1987; Schneider & Frost 1996; Homes et al. 

1999) and to hydrological connectivity (Tockner et al. 1999). 
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Tributaries, on the other hand, are not only different from the main channel 

regarding environmental properties, but also are assumed to enhance the local 

heterogeneity at the confluence with the main channel (the network dynamics 

hypothesis, Benda et al. 2004). Brown & Coon (1994) reported higher fish density 

and different community composition in tributaries compared to the channel 

(Lower Missouri, US). They found a gradient in the faunal assemblage from small 

tributaries to large river sections, which corresponded to an environmental 

gradient from shallow streams with coarse substrate to deep rivers with finer 

sediments. The potential importance of tributaries for main stem communities is 

virtually unexplored. Tributaries may serve as important refugia for recolonising 

the main channel after disturbances (e.g., floods, droughts, pollution), and they are 

important habitats for early life stages of fish and invertebrates (Bruns et al. 1984; 

Rice et al. 2001). 

In the present study, backwaters also contributed significantly to overall species 

richness along the three river corridors (Figure 7). They were colonized by a 

unique and species rich community. Similar differences in taxa richness between 

backwaters and main-channel habitats were found also in upland streams in 

Victoria (O'Leary et al. 1992). Solari (2002) found high plankton densities in 

backwaters of the Slado River (Argentina), a consequence of lentic conditions. 

Lentic conditions, a permanent hydrological connection to the main channel, and 

increased primary production can enhance species richness within backwaters 

(Cellot & Bournaud 1986; Schiemer et al. 2001). At mean and low discharge, 

backwaters exhibit lentic conditions, and they primarily accumulate organic matter 

(Amoros & Roux 1988) In their “Inshore Retention Concept”, Schiemer et al. 

(2001) emphasized the importance of still-water habitats in the active channel for 

the development of phyto- and zooplankton and fish larvae. Backwaters were 

identified as important retentive habitats, which contributed to overall river 

biodiversity and production. However, further studies on local constraints on 

backwater communities (as well as on tributary communities) - in particular on the 
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potential role of backwaters as refugia during flood events - are required. This is 

especially intriguing for permanently connected habitats (backwaters and 

tributaries) where dispersal barriers are presumably absent. 

Nestedness and hierarchical organization 

River corridors are hierarchically organized and nested ecosystems. In the 

present study, the nested sampling design allowed to detect differences in species 

diversity at various spatial scales. As expected, communities were highly nested in 

all three river corridors. Nestedness is a common attribute of most communities 

(Wright et al. 1998). Aquatic invertebrates, however, have been regarded as an 

exception, because of their high diversity (Boecklen 1997). Malmqvist & Hoffsten 

(2000) detected a nested distribution for Ephemeroptera, Plecoptera, Trichoptera, 

and Simuliidae in Swedish streams and rivers. Nestedness was particularly 

pronounced in the Rhône River, where communities in the canalized middle and 

downstream sections formed distinct subsets of the less-impacted and more 

species-rich headwater reaches. The lower sections along the Rhône - heavily 

impacted by hydropeaking and river regulation - are very likely sinks for 

invertebrate species. Most species of the regional pool are expected to be able to 

disperse over large areas, therefore local conditions primarily determine the 

presence or absence of species within individual habitats (habitat filters, sensu Poff 

1997). A lower degree of nestedness (higher system temperature T) in the less 

impacted Thur and Tagliamento Rivers could result from higher habitat 

heterogeneity. 

In the present study, we applied a quantitative model that allows to partitioning 

at different spatial scales (see Wagner et al. 2000). This approach implies that what 

we measure as within-community diversity at a higher scale (e.g., corridor scale) is 

the combined effect of heterogeneity at various lower scales (habitat, river 

segment). In the present study, high differentiation diversity (beta-diversity) at the 

broadest spatial scale (Level 1 in Figure 7) reflected distinct biogeographic 
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differences among corridors (i.e., regional control of local diversity). All three 

rivers flow in different directions. In addition, human impacts were likely to 

increase differences among catchments. 

The low within-corridor turnover (β1C), in contrast to the high within-(β1H) and 

between-habitat (within-segment β1) type turnover, assumed that both regional and 

local factors control benthic communities. The influence of local factors (habitat 

heterogeneity and biotic interactions) and of regional factors (altitude, river style, 

land-use patters) on the structure of stream invertebrates has been well 

documented (see review by Vinson & Hawkins 1998). However, the relationship 

between regional and local species richness has been rarely investigated for stream 

invertebrates. Studies on fish diversity showed a strong regional control on local 

diversity (Hugueny 1995), or an influence by both regional and local factors 

(Angermeier & Winston 1998). Vaughn (1997) reported a linear relationship 

between regional and local species richness for river-dwelling mussels, while Heino 

et al. (2003) detected regional species richness as the most influential variable 

contributing to local species richness. However, it is far from clear whether 

regional species richness consistently sets the limits to local species richness, or 

vice versa (Vinson & Hawkins 1998). We may consider the relationship between 

regional and local species richness as a feedback system where they influence each 

other. On the one hand, regional species richness sets the upper limit for local 

species richness; on the other hand, regional species richness is adapted to decrease 

or increase of local species richness. This implies that the regional species pool is 

sequentially reduced by environmental filters, which include disturbance regime, 

dispersal barrier, habitat condition, and biotic interaction (Tonn et al. 1990). Each 

filter operates at a distinctive spatiotemporal scale and leads to a characteristic 

species community. 
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Implications for conservation and management 

River corridors are among the most threatened ecosystems world wide 

(Malmqvist & Rundle 2002; Tockner & Stanford 2002). In Europe, for example, 

~90% of all former floodplains disappeared or are functionally extinct (Hughes 

2003). Nowadays, restoration is a major issue in river management. However, a 

high proportion of restoration projects fail, mainly because of a fundamental lack 

of understanding of principal mechanisms that create and maintain biodiversity 

and biocomplexity along river corridors. Lateral habitats are among the first 

habitats that disappear as a consequence of river regulation and flow control. Since 

overall river biodiversity is strongly enhanced by the lateral habitat diversity (see: 

Figure 5), the formation and rejuvenation of ponds and backwaters needs to be 

promoted by restoration projects. Furthermore, we also need to more thoroughly 

understand the importance of tributary confluences as important ecological nodes 

along river corridors (see Benda et al. 2004). Tributaries and their intersections with 

the main channel may be critical for the resilience of entire river corridors. 

At a regional scale, flood disturbance is a key factor promoting biodiversity 

(Pollock 1998). At a local scale, parafluvial ponds are often associated with dead 

wood and vegetated islands (Gurnell & Petts 2002; Karaus et al. 2005). Hence, dead 

wood and islands are expected to enhance aquatic habitat diversity (Arscott et al. 

2000). Furthermore, biodiversity along the three river corridors was strongly nested 

and hierarchical. This is important since restoration has primarily focused on the 

reach scale or on individual species and habitats. Clarke (2003) proposed an eco-

hydromorphic approach for restoration, which is based on the principle that both 

morphological and ecological components are closely interlinked and that channel 

form, system functioning, and species composition result from these interacting 

processes. A better understanding of the ecology and functioning of lateral aquatic 

habitats will therefore, support successful river restoration. 

 



5. Lateral aquatic habitats along river corridors 

 
 
 

147

ACKNOWLEDGEMENTS 

We are very grateful to Simone Blaser for her tireless engagement in the field. 

Thanks to Simone Blaser and Erwin Schäffer for helping sorting and counting 

macroinvertebrates. Thanks to Wolfram Graf and Thomas Ofenböck at the 

Institute of Hydrobiology, University of Natural Resources and Applied Life 

Sciences (BOKU) Vienna, for identifying Trichoptera, Plecoptera and 

Ephemeroptera from tributary and backwater habitats. Thanks to Verena Lubini, 

Büro für Gewässerökologie, Zürich, for verification of voucher specimens. Beat 

Oertli, Scott Tiegs, and Helene Wagner provided helpful comments on earlier 

drafts of the manuscript. This research was founded by the Rhône-Thur project 

(EAWAG) and by a grant from the ETH-Forschungskommission (No. 0-20572-

98). 

LITERATURE CITED 

Amoros C. & Roux A.L. (1988) Interaction between water bodies within the 

floodplains of large rivers: function and development of connectivity. In: 

Connectivity in Landscape Ecology. Proceedings of the Second International Seminar of the 

"International Association for Landscape Ecology", Münster (ed. Schreiber K-F), pp. 

125-130. Schöningh, Paderborn 

Angermeier P.L. & Winston M.R. (1998) Local vs. regional influences on local 

diversity in stream fish communities of Virginia. Ecology, 79, 911-927 

Arscott D.B., Tockner K. & Ward J.V. (2000) Aquatic habitat diversity along the 

corridor of an Alpine floodplain river (Fiume Tagliamento, Italy). Archiv für 

Hydrobiologie, 149, 679-704 

Arscott D.B., Tockner K. & Ward J.V. (2003) Spatio-temporal patterns of benthic 

invertebrates along the continuum of a braided Alpine river. Archiv für 

Hydrobiologie, 158, 431-460 



5. Lateral aquatic habitats along river corridors 

 
 
 

148

Arscott D.B., Tockner K. & Ward J.V. (in press) Lateral organization of aquatic 

invertebrates along the continuum of a braided floodplain. Journal of the North 

American Benthological Society 

Atmar W. & Patterson B.D. (1993) The measure of order and disorder in the 

distribution of species in fragmented habitat. Oecologia, 96, 373-382 

Atmar W. & Patterson B.D. (1995) The nestedness temperature calculator: a visual 

basic program, including 294 presence-absence matrices. In. AICS Research, 

Inc. University Park, New Mexico, USA, and The Field Museum, Chicago, USA 

Benda L., Poff N.L., Miller D., Dunne T., Reeves G., Pess G. & Pollock M. (2004) 

The network dynamics hypothesis: how channel networks structure riverine 

habitats. BioScience, 54, 413-427 

Boecklen W.J. (1997) Nestedness, biogeographic theory, and the design of nature 

reserves. Oecologia, 112, 123-142 

Bornette G., Piegay H., Citterio A., Amoros C. & Godreau V. (2001) Aquatic plant 

diversity in four river floodplains: a comparison at two hierarchical levels. 

Biodiversity and Conservation, 10, 1683-1701 

Brown D.J. & Coon T.G. (1994) Abundance and assemblage structure of fish 

larvae in the lower Missouri River and its tributaries. Transactions of the American 

Fisheries Society, 123, 718-732 

Bruns D.A., Minshall G.W., Cushing C.E., Cummins K.W., Brock J.T. & Vannote 

R.L. (1984) Tributaries as modifiers of the river continuum concept: analysis by 

polar ordination and regression models. Archiv für Hydrobiologie, 99, 208-220 

Bundesamt für Wasser und Geologie (2003) Hydrologisches Jahrbuch der Schweiz. 

Bundesamt für Wasser und Geologie, Bern. 

Castella E. (1987) Larval Odonata distribution as a describer of fluvial ecosystems: 

the Rhône and the Ain Rivers, France. Advances in Odonatology, 3, 23-40 



5. Lateral aquatic habitats along river corridors 

 
 
 

149

Castella E., Richardot-Coulet M., Roux C. & Richoux P. (1991) Aquatic 

macroinvertebrate assemblages of two contrasting floodplains: the Rhône and 

the Ain Rivers, France. Regulated Rivers: Research and Management, 6, 289-300 

Cellot B. & Bournaud M. (1986) Structure and function of the Upper Rhône in 

France. 46. Faunistic modifications induced by a slight variation of discharge in 

a large river. Hydrobiologia, 135, 223-232 

Cereghino R., Park Y.S., Compin A. & Lek S. (2003) Predicting the species 

richness of aquatic insects in streams using a limited number of environmental 

variables. Journal of the North American Benthological Society, 22, 442-456 

Clarke S.J., Bruce-Burgess L. & Wharton G. (2003) Linking form and function: 

towards an eco-hydromorphic approach to sustainable river restoration. Aquatic 

Conservation: Marine and Freshwater Ecosystems, 13, 439-450 

Colwell R.K. (2001) EstimateS. In. http://viceroy.eeb.uconn.edu/rangemodel, 

Storrs 

Fisher S.G., Grimm N.B., Martí E., Holmes R.M. & Jones jr. J.B. (1998) Material 

spiraling in stream corridors: a telescoping ecosystem model. Ecosystems, 1, 19-34 

Foeckler F., Diepolder U. & Deichner O. (1991) Water mollusc communities and 

bioindication of lower Salzach floodplain waters. Regulated Rivers: Research and 

Management, 6, 301-312 

Frissell C.A., Liss W.J., Warren C.E. & Hurley M.D. (1986) A hierarchical 

framework for stream habitat classification: viewing streams in a watershed 

context. Environmental Management, 10, 199-214 

Gurnell A.M. & Petts G.E. (2002) Island-dominated landscapes of large floodplain 

rivers, a European perspective. Freshwater Biology, 47, 581-600 

Gurnell A.M., Petts G.E., Hannah D.M., Smith B.P.G., Edwards P.J., Kollmann J., 

Ward J.V. & Tockner K. (2000) Wood storage within the active zone of a large 

European gravel-bed river. Geomorphology, 34, 55-72 



5. Lateral aquatic habitats along river corridors 

 
 
 

150

Harrison S., Ross S.J. & Lawton J.H. (1992) Beta diversity on geographic gradients 

in Britain. Journal of Animal Ecology, 61, 151-158 

Heino J., Muotka T. & Paavola R. (2003) Determinants of macroinvertebrate 

diversity in headwater streams: regional and local influences. Journal of Animal 

Ecology, 72, 425-434 

Heltshe J.F. & Forrester N.E. (1983) Estimating species richness using the 

Jackknife procedure. Biometrics, 39, 1-11 

Hewlett R. (2000) Implications of taxonomic resolution and sample habitat for 

stream classification at a broad geographic scale. Journal of the North American 

Benthological Society, 19, 352-361 

Homes V., Hering D. & Reich M. (1999) The distribution and macrofauna of 

ponds in stretches of an alpine floodplain differently impacted by hydrological 

engineering. Regulated Rivers: Research and Management, 15, 405-417 

Hughes F. (2003) The Flooded Forest: Guidance for Policy Makers and River Managers in 

Europe on the Restoration of Floodplain Forests. The FLOBAR2 Project, Department 

of Geography, University of Cambridge 

Hugueny B.P., D. (1995) Unsaturated fish communities in African rivers. The 

American Naturalist, 146, 162-169 

Hynes H.B.N. (1975) The stream and its valley. Verhandlungen der Internationalen 

Vereinigung für theoretische und angewandte Limnologie, 19, 1-15 

Karaus U., Alder L. & Tockner K. (2005) "Concave islands": habitat heterogeneity 

of parafluvial ponds in a gravel-bed river. Wetlands, 25, 26-37 

Krebs C.J. (1998) Ecological Methodology. Addison Wesley Longman, Menlo Park, 

California. 

Lande R. (1996) Statistics and partioning of species diversity, and similarity among 

multiple communities. Oikos, 76, 5-13 



5. Lateral aquatic habitats along river corridors 

 
 
 

151

Loizeau J.-L. & Dominik J. (2000) Evolution of the Upper Rhône River discharge 

and suspended sediment load during the last 80 years and some implications for 

Lake Geneva. Aquatic Sciences, 62, 54-67 

Magurran A.E. (2004) Measuring biological diversity. Blackwell Science, Malden 

Malmqvist B. & Hoffsten P.-O. (2000) Macroinvertebrate taxonomic richness, 

community structure and nestedness in Swedish streams. Archiv für Hydrobiologie, 

150, 29-54 

Malmqvist B. & Rundle S. (2002) Threats to the running water ecosystems of the 

world. Environmental Conservation, 29, 134-153 

Marchant R., Barmuta L. & Chessman B.C. (1995) Influence of sample 

quantification and taxonomic resolution on the ordination of macroinvertebrate 

communities from running waters in Victoria, Australia. Marine and Freshwater 

Research, 46, 501-506 

Minshall G.W., Cummins K.W., Petersen R.C., Cushing C.E., Bruns D.A., Sedell 

J.R. & Vannote R.L. (1985) Developments in stream ecosystem theory. Canadian 

Journal of  Fisheries and aquatic Sciences, 42, 1045-1055 

Noss R.F. (1990) Indicators for monitoring biodiversity: a hierarchical approach. 

Conservation Biology, 4, 355-364 

Obrdlik P. & Fuchs U. (1991) Surface water connection and the macrozoobenthos 

of two types of floodplain on the Upper Rhine. Regulated Rivers: Research & 

Management, 6, 279-288 

O'Leary P., Lake P.S., Marchant R. & Doeg T.J. (1992) Macroinvertebrate activity 

in the water column of backwaters in an upland stream in Victoria. Australian 

Journal of Marine and Freshwater Research, 43, 1403-1407 

Patterson B.D. (1987) The principle of nested subsets and its implications for 

biological conservation. Conservation Biology, 1, 323-354 



5. Lateral aquatic habitats along river corridors 

 
 
 

152

Perry J.A. & Schaeffer D.J. (1987) The longitudinal distribution of riverine 

benthos: a river dis-continuum? Hydrobiologia, 148, 257-268 

Petts G.E., Gurnell A.M., Gerrard A.J., Hannah D.M., Hansford B., Morrissey I., 

Edwards P.J., Kollmann J., Ward J.V., Tockner K. & Smith B.P.G. (2000) 

Longitudinal variations in exposed riverine sediments: a context for the 

development of vegetated islands along the Fiume Tagliamento, Italy. Aquatic 

Conservation, 10, 249-266 

Pineda E. & Halffter G. (2004) Species diversity and habitat fragmentation: frogs 

in a tropical montane landscape in Mexico. Biological Conservation, 117, 499-508 

Poff N.L. (1997) Landscape filters and species traits: towards mechanistic 

understanding and prediction in stream ecology. Journal of the North American 

Benthological Society, 16, 391-409 

Pollock M.M. (1998) Biodiversity. In: River Ecology and Management - Lessons from the 

Pacific Coastal Ecoregion (eds. Naiman RJ & Bilby RE), pp. 430-452. Springer, 

New York 

Rice S.P., Greenwood M.T. & Joyce C.B. (2001) Tributaries, sediment sources, and 

the longitudinal organisation of macroinvertebrate fauna along river systems. 

Canadian Journal of Fisheries and Aquatic Sciences, 58, 824-840 

Schiemer F., Keckeis H., Reckendorfer W. & Winkler G. (2001) The "Inshore 

Retention Concept" and its significance for large rivers. Archiv für Hydrobiologie, 

Supplementband, 135, 509-516 

Schneider D.W. & Frost T.M. (1996) Habitat duration and community structure in 

temporary ponds. Journal of the North American Benthological Society, 15, 64-86 

Shmida A. & Wilson M.V. (1985) Biological determinants of species diversity. 

Journal of Biogeography, 12, 1-20 



5. Lateral aquatic habitats along river corridors 

 
 
 

153

Solari L.C., Claps M.C. & Gabellone N.A. (2002) River-backwater pond 

interactions in the lower basin of the Salado River (Buenos Aires, Argentina). 

Archiv für Hydrobiologie, 13, 99-119 

Stanford J.A., Ward J.V., Liss W.J., Frissell C.A., Williams R.N., Lichatowich J.A. 

& Coutant C.C. (1996) A general protocol for restoration of regulated rivers. 

Regulated Rivers: Research and Management, 12, 391-413 

Statzner B. & Higler B. (1986) Stream hydraulics as a major determinant of benthic 

invertebrate zonation patterns. Freshwater Biology, 16, 127-139 

Tockner K., Schiemer F., Baumgartner C., Kum G., Weigand E., Zweimueller I. & 

Ward J.V. (1999) The Danube Restoration Project: species diversity patterns 

across connectivity gradients in the floodplain system. Regulated Rivers: Research 

and Management, 15, 245-258 

Tockner K. & Stanford J.A. (2002) Riverine flood plains: present state and future 

trends. Environmental Conservation, 29, 308-330 

Tockner K., Ward J.V., Arscott D.B., Edwards P.J., Kollmann J., Gurnell A.M., 

Petts G. & Maiolini B. (2003) The Tagliamento River: a model ecosystems of 

European importance. Aquatic Sciences, 65, 239-253 

Tonn W.M., J.J. Magnuson, Rask M. & Toivonen J. (1990) Intercontinental 

comparison of small-lake fish assemblages: the balance between local and 

regional processes. The American Naturalist, 136, 345-375 

Uehlinger U. (2000) Resistance and resilience of ecosystems metabolism in a flood-

prone river system. Freshwater Biology, 45, 319-332 

Van den Brink F.W.B., van der Velde G., Buijse A.D. & Klink A.G. (1996) 

Biodiversity in the Lower Rhine and Meuse river-floodplains: its significance for 

ecological management. Netherlands Journal of Aquatic Ecology, 30, 129-149 



5. Lateral aquatic habitats along river corridors 

 
 
 

154

Van der Nat D., Tockner K., Edwards P.J., Ward J.V. & A.M. G. (2003) Habitat 

change in braided flood plains (Tagliamento, NE-Italy). Freshwater Biology, 48, 

1799-1812 

Vannote R.L., Minshall G.W., Cummins K.W., Sedell J.R. & Cushing C.E. (1980) 

The river continuum concept. Canadian Journal of Fisheries and Aquatic Sciences, 37, 

130-137 

Vaughn C.C. (1997) Regional patterns of mussel species distribution in North 

American rivers. Ecography, 20, 107-115 

Veech J.A., Summerville K.S., Crist T.O. & Gering J.C. (2002) The additive 

partitioning of diversity: recent revival of an old idea. Oikos, 99, 3-9 

Vinson M.R. & Hawkins C.P. (1998) Biodiversity of stream insects: variation at 

local, basin, and regional scales. Annual Review of Entomology, 43, 271-293 

Wagner H.H., Wildi O. & Ewald K.C. (2000) Additive partitioning of plant species 

diversity in an agricultural mosaic landscape. Landscape Ecology, 15, 219-227 

Ward J.V. (1989) The four-dimensional nature of lotic ecosystems. Journal of the 

North American Benthological Society, 8, 2-8 

Ward J.V. & Stanford J.A. (1983) The serial discontinuity concept. In: Dynamics of 

lotic ecosystems (eds. Fontaine TD & Bartell SM), pp. 29-42. Ann Arbor Science, 

Ann Arbor 

Ward J.V. & Stanford J.A. (1995) The serial discontinuity concept: extending the 

model to floodplain rivers. Regulated Rivers: Research and Management, 10, 159-168 

Ward J.V. & Tockner K. (2001) Biodiversity: towards a unifying theme for river 

ecology. Freshwater Biology, 46, 807-819 

Ward J.V., Tockner K., Edwards P.J., Kollmann J., Bretschko G., Gurnell A.M., 

Petts G.E. & Rossaro B. (1999) A reference river system for the Alps: the Fiume 

Tagliamento. Regulated Rivers: Research and Management, 15, 63-75 



5. Lateral aquatic habitats along river corridors 

 
 
 

155

Whittaker R.H. (1977) Evolution of species diversity in land communities. In: 

Evolutionary Biology (eds. Hecht MK, Steere WC & Wallace B), pp. 1-67. Plenum, 

New York 

Williams P., Whitfield M., Biggs J., Bray S., Fox G., Nicolet P. & Sear D. (2004) 

Comparative biodiversity of rivers, streams, ditches and ponds in an agricultural 

landscape in Southern England. Biological Conservation, 115, 329-341 

Wright D.H., Patterson B.D., Mikkelson G.M., Cutler A. & Atmar W. (1998) A 

comparative analysis of nested subset patterns of species composition. Oecologia, 

113, 1-20 



5. Lateral aquatic habitats along river corridors 

 
 
 

156

APPENDIX 

 Ta
ble

 1.
 D

ist
rib

uti
on

 (t
ota

l a
bu

nd
an

ce
) o

f E
PT

-ta
xa

 al
on

g t
he

 th
ree

 riv
er 

co
rri

do
rs 

(m
c=

ma
in 

ch
an

ne
l, p

=p
on

d, 
bw

=b
ac

kw
ate

r, 
t=

tri
bu

tar
y).

 Fo
r f

ur
the

r e
xp

lan
ati

on
 se

e t
ex

t.

m
c

p
bw

t
m

c
p

bw
t

mc
p

bw
t

Su
m

Ep
he

me
ro

pt
era

Ba
etis

 al
pin

us 
Pic

tet
3

16
15

31
43

22
58

72
B. 

lut
her

i M
ue

lle
r-L

ieb
en

au
48

35
83

B. 
mu

ticu
s L

inn
é

1
2

45
48

B. 
rho

dan
i P

ict
et

84
11

4
18

33
7

13
8

58
5

12
76

B. 
ver

nu
s C

urt
is

4
99

10
3

Ba
etis

 sp
. 6

89
6

3
98

3
25

44
19

56
8

18
77

3
36

2
63

73
Ca

eni
s lu

ctu
osa

 B
urm

eis
ter

1
15

16
C.

 riv
ulo

rum
  E

ato
n

4
11

15
Ca

eni
s s

p. 
3

1
7

3
27

38
Ce

ntr
opt

ilu
m 

lut
eol

um
 M

ue
lle

r
8

34
87

1
5

13
5

Ce
ntr

opi
lum

 sp
. 2

2
8

10
Cl

oeo
n d

ipt
eru

m 
Lin

né
49

52
10

1
Cl

oeo
n 

sp
. 2

4
4

Ec
dyo

nu
rus

 he
lve

ticu
s E

ato
n

9
9

E.
 pi

ctet
i M

ey
er-

Dü
r

3
5

8
E.

 to
rre

nti
s K

im
mi

ns
1

6
7

E.
 ve

nos
us 

 E
ato

n
4

2
7

4
17

E.
 ze

ller
i E

ato
n

6
6

Ec
dyo

nu
rus

 sp
. 6

67
9

62
56

76
6

73
14

36
63

10
65

Ta
gli

am
en

to
Th

ur
Rh

ôn
e



5. Lateral aquatic habitats along river corridors 

 
 
 

157

 

 
 
 

mc
p

bw
t

mc
p

bw
t

mc
p

bw
t

Su
m

El
ectr

oge
na 

sp.
4

4
3

11
Ep

eor
us 

ass
im

ilis
  E

ato
n

1
1

2
Ep

eor
us 

sp
. 2

65
65

Ep
hem

era
 da

nic
a M

üll
er

4
9

1
14

Ep
hem

ere
lla

 ign
ita

  P
od

a
11

1
6

18
Ep

hem
ere

lla
 sp

. 2
6

6
Ha

bro
lep

toid
es c

onf
usa

  S
art

or
i &

 T
ho

ma
s

3
2

9
2

5
21

42
Ha

bro
lep

toid
es 

sp
. 2

4
1

5
Ha

bro
phl

ebi
a l

aut
a E

ato
n

2
16

6
24

Ha
bro

phl
ebi

a s
p. 

2
11

11
22

He
pta

ge
nii

da
e

4
1

39
44

He
pta

gen
ia 

sp
.

25
36

7
13

1
32

43
8

Le
pto

ph
leb

iid
ae

2
1

3
Pa

ral
ept

oph
leb

ia 
sp.

2
1

3
Rh

ith
rog

ena
 gr

ati
ano

pol
ita

na 
So

wa
, D

eg
ran

ge
 &

 Sa
rto

ri
11

11
R.

 hy
bri

da 
Ea

ton
7

1
1

9
R.

 la
nd

ai 
So

wa
 &

 So
ldá

n
4

4
R.

 sem
ico

lor
ata

  C
urt

is
5

32
52

89
Rh

ith
rog

ena
 sp

. 5
5

1
13

67
7

14
11

93
96

36
94

6
Ser

rat
ella

 sp
.

28
28

Sip
hlo

nu
rus

 la
cus

tris
 E

ato
n

68
74

1
18

64
69

57
Sip

hlo
nu

rus
 sp

. 2
4

56
14

8
1

45
9

78
3

74
9

Ta
gli

am
en

to
Th

ur
Rh

ôn
e



5. Lateral aquatic habitats along river corridors 

 
 
 

158

 
 
 
 
 
 

mc
p

bw
t

mc
p

bw
t

mc
p

bw
t

Su
m

Pl
ec

op
ter

a
Am

phi
nem

ura
 sp

. 
11

4
4

82
56

6
37

26
22

6
Br

ach
ypt

era
 ris

i M
or

ton
5

5
B. 

trif
asc

iat
a P

ict
et

2
2

Br
ach

ypt
era

 sp
. 3

9
2

11
Ch

lor
ope

rlid
ae

2
1

3
Ch

lor
ope

rla
 sp

. 
38

5
23

64
1

69
33

16
5

1
2

59
9

C.
 tri

pun
cta

ta 
Sc

op
oli

34
73

1
10

8
Di

cty
oge

nu
s a

lpi
nu

m 
Pic

tet
4

4
D.

 fon
tiu

m 
2

2
Di

cty
oge

nu
s s

p. 
3

11
11

Di
noc

ras
 m

ega
cep

hal
a K

lap
ale

k
2

2
Di

noc
ras

 sp
. 2

19
5

5
1

30
Iso

per
la 

gra
mm

ati
ca 

Po
da

1
34

11
46

I. l
uge

ns 
Kl

ap
ále

k
12

4
12

4
I. r

ivu
lor

um
 E

ato
n

4
31

2
74

111
Iso

per
la 

sp
. 3

6
1

2
2

19
9

2
6

41
1

2
91

Le
uct

ra 
alp

ina
 K

üh
tre

ibe
r

1
1

L.
 br

aue
ri 

Ke
mp

ny
1

27
28

L.
 in

erm
is 

Ke
mp

ny
1

8
3

93
77

18
2

L.
 lep

tog
ast

er/
ma

jor
 

29
29

Le
uct

ra 
sp

. 5
24

2
57

85
15

71
2

29
3

34
4

76
7

14
89

3
26

61
66

68

Th
ur

Rh
ôn

e
Ta

gli
am

en
to



5. Lateral aquatic habitats along river corridors 

 
 
 

159

 
 
 
 
 
 

mc
p

bw
t

mc
p

bw
t

mc
p

bw
t

Su
m

Ne
mo

uri
dae

 
71

62
1

69
2

Ne
mo

ura
 m

arg
ina

ta 
Pic

tet
1

1
N.

 m
ort

oni
 R

is
1

17
18

Ne
mo

ura
 sp

. 3
13

14
45

33
5

11
21

82
22

4
Ne

mu
rell

a p
icte

tii 
Kl

ap
ale

k
46

46
Per

la 
gra

ndi
s R

am
bu

r
1

1
1

3
Per

la 
sp

. 2
2

11
5

3
21

Pe
rlid

ae
1

1
Per

lod
es i

ntr
ica

tus
 P

ict
et

1
1

Per
lod

es 
sp

. 2
1

1
1

3
6

Pe
rlo

did
ae

1
1

Pro
ton

em
ura

 la
tera

lis 
Pic

tet
11

11
P. 

nim
bor

um
 R

is
3

3
Pro

ton
em

ura
 sp

.  2
52

4
15

53
1

32
11

1
17

34
20

02
Rh

abd
iop

tery
x a

lpi
nu

s K
üh

tre
ibe

r
1

1
R.

 ne
gle

cta
 A

ub
ert

2
2

Rh
abd

iop
tery

x 
sp

. 3
9

17
11

99
13

6
Sip

hon
ope

rla
 to

rre
nti

um
 P

ict
et

2
2

Sip
hon

ope
rla

  s
p. 

2
14

4
18

Xa
nth

ope
rla

 sp
.

1
1

Tr
ich

op
ter

a
Ag

ape
tus

 oc
hri

pes
 C

urt
is

7
7

Ta
gli

am
en

to
Th

ur
Rh

ôn
e



5. Lateral aquatic habitats along river corridors 

 
 
 

160

 
 
 
 
 
 

mc
p

bw
t

mc
p

bw
t

mc
p

bw
t

Su
m

Al
log

am
us 

aur
ico

llis
 P

ict
et

4
33

2
2

31
68

1
95

13
7

34
42

An
nit

ella
 ob

scu
rat

a M
cL

ach
lan

1
1

An
abo

lia
 ne

rvo
sa 

Cu
rti

s
5

5
At

hri
pso

des
 al

bif
ron

s L
inn

aeu
s

15
8

3
16

1
At

hri
pso

des
 sp

. 
1

15
16

Be
rae

am
yia

 sq
uam

osa
 M

os
ely

1
1

2
Ce

rac
lea

 di
ssim

ilis
 S

tep
he

ns
1

1
Ch

aet
opt

ery
gin

i/S
ten

oph
yla

cin
i

3
3

Ch
aet

opt
ery

x m
ajo

r M
cL

ach
lan

2
2

C.
 vil

los
a o

der
 fu

sca
1

1
Cr

un
oec

ia 
irro

rat
a C

urt
is

1
1

Cr
ypt

oth
rix
 ne

bul
ico

la 
M

cL
ach

lan
6

6
Cy

rnu
s tr

im
acu

lat
us 

Cu
rti

s
1

1
1

3
Dr

usu
s b

igu
tta

tus
 P

ict
et

13
1

1
45

60
D.

 di
sco

lor
 R

am
bu

r
39

39
Dr

usu
s s

p. 
3

2
2

Gl
oss

oso
ma

 co
nfo

rm
is 

Ne
bo

iss
15

1
16

Ha
lesu

s d
igit

atu
s/t

ess
ela

tus
 

2
1

3
H.

 ru
bri

col
lis 

Pic
tet

1
2

59
62

Ho
loc

ent
rop

us 
dub

ius
 R

am
bu

r
3

3
Hy

dro
psy

che
 an

gus
tip

enn
is 

Cu
rti

s
2

2
4

H.
 di

na
rica

 M
ari

nk
ov

ic
6

2
8

Ta
gli

am
en

to
Th

ur
Rh

ôn
e



5. Lateral aquatic habitats along river corridors 

 
 
 

161

 
 
 
 
 
 

mc
p

bw
t

mc
p

bw
t

mc
p

bw
t

Su
m

H.
 fu

lvip
es 

Cu
rti

s
1

1
H.

 gu
tta

ta 
Pic

tet
4

4
H.

 in
cog

nit
a P

its
ch

2
2

4
H.

 in
sta

bil
is 

Cu
rti

s
8

5
1

8
1

4
27

H.
 pe

llu
cid

ula
 C

urt
is

3
1

2
6

H.
 sil

tal
ai 

Dö
hle

r
54

7
61

H.
 ten

uis
 N

av
as

4
4

Hy
dro

psy
che

 sp
. 1

0
11

1
6

32
49

2
10

1
Hy

dro
pti

la 
ma

rtin
i M

ars
ha

ll
36

36
H.

 sp
ars

a C
urt

is
31

2
31

2
Hy

dro
pti

la 
sp

. 3
75

68
11

59
31

5
77

60
5

Hy
dro

pti
la 

vec
tis 

Cu
rti

s
1

1
Le

pid
ost

om
a h

irtu
m 

Fa
br

ici
us

3
9

2
1

15
Lim

ne
ph

ilin
ae 

1
2

3
3

1
2

13
25

Li
mn

eph
ilu

s a
ffin

is o
der

 in
cisi

us
1

1
L.

 au
ricu

la 
Cu

rti
s

2
2

L.
 de

cip
ien

s K
ole

na
ti

1
1

L.
 lu

na
tus

 C
urt

is
1

1
3

5
Li

mn
eph

ilu
s s

p. 
5

1
1

Li
tha

x n
ige

r H
ag

en
2

2
Ly

pe 
pha

eop
a S

tep
he

ns
1

1
Ly

pe 
sp

. 2
1

1

Ta
gli

am
en

to
Th

ur
Rh

ôn
e



5. Lateral aquatic habitats along river corridors 

 
 
 

162

 
 
 
 
 
 

mc
p

bw
t

mc
p

bw
t

mc
p

bw
t

Su
m

Me
lam

pop
hyl

ax
 m

uco
reu

s H
ag

en
1

1
Me

tan
oea

 rh
aet

ica
 S

ch
mi

d
5

2
7

Me
tan

oea
 sp

. 2
5

5
Mi

cra
sem

a m
oro

sum
 M

cL
ach

lan
1

1
My

sta
cid

es a
zu

rea
 L

inn
e

1
1

My
sta

cid
es s

p.
2

2
Od

ont
oce

rum
 al

bic
orn

e S
co

po
li

1
1

Oe
ceti

s sp
.

11
1

12
Pa

rac
hio

na
 pi

cico
rni

s P
ict

et
1

1
Ph

ilop
ota

mu
s lu

dif
ica

tus
 M

cL
ach

lan
2

18
20

Ple
ctro

cne
mi

a s
p. 

1
4

4
9

Po
lyce

ntr
opu

s ex
cisu

s K
lap

ale
k

5
11

24
13

53
P. 

fla
vom

acu
lat

us 
Pic

tet
1

2
11

7
2

23
Po

tam
oph

yla
x c

ing
ula

tus
/la

tip
enn

is/
luc

tuo
sus

 
2

2
3

15
22

Po
tam

oph
yla

x 
sp

. 2
 

4
1

1
1

2
9

Psy
cho

my
ia 

pus
illa

 F
ab

ric
ius

10
1

25
36

Pti
loc

ole
pus
 gr

anu
lat

us 
Pic

tet
7

7
Rh

yac
oph

ila
 do

rsa
lis 

M
cL

ach
lan

29
29

R.
 gla

reo
sa 

M
cL

ach
lan

3
3

R.
 hi

rtic
orn

is 
M

cL
ach

lan
2

2
R.

 in
ter

me
dia

 M
cL

ach
lan

1
1

2
R.

 pu
bes

cen
s P

ict
et

4
4

Th
ur

Rh
ôn

e
Ta

gli
am

en
to



5. Lateral aquatic habitats along river corridors 

 
 
 

163

 

mc
p

bw
t

m
c

p
bw

t
mc

p
bw

t
Su

m
Rh

yac
oph

ila
 s. 

str
. s

p. 
83

2
26

73
1

3
62

1
11

26
2

R.
 to

rre
nti

um
 P

ict
et

2
1

23
67

93
R.

 tri
stis

 P
ict

et
2

6
5

3
16

Ser
ico

sto
ma

 pe
rso

na
tum

 K
irb

y &
 Sp

en
ce

1
7

8
S. 

fla
vic

orn
e S

ch
ne

ide
r

1
5

1
7

Ser
ico

sto
ma
 sp

. 3
8

8
Sil

o p
iceu

s B
rau

er
1

1
Ste

nop
hyl

ax
 vib

ex 
Cu

rti
s

4
4

Tin
ode

s d
ive

s P
ict

et
5

5
Tin

ode
s s

p. 
2

1
1

W
orm

ald
ia 

cop
ios

a M
cL

ac
hla

n
44

6
50

Su
m

26
23

64
0

77
42

45
2

49
63

95
7

12
00

45
53

70
40

3
19

8
115

47
41

91
8

Ta
gli

am
en

to
Th

ur
Rh

ôn
e



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


