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Appendix 1 
Field experiment 
Study area 

Montagne Noire (southwestern France) is a highland region (elevation range: 250–1211 m a.s.l.) 

covered by mixed broadleaf forest and coniferous plantation. The landscape is drained by a high 

density of small oligotrophic streams (<3–4 m wide) relying on terrestrial leaf litter as main basal 

resource. Animal collection and field experiments were carried out in the Peyreblanque stream 

(43°25’52”N, 2°13’12”E, 750 m.a.s.l.). This stream was chosen for the presence of an extremely 

diverse assemblage of leaf-consuming invertebrates (12 genera found by Sanpera-Calbet et al. 

2009).  

 

Experimental setup 

Field experiments were carried out in Spring 2010 (mean water temperature = 9.7°C ± 0.3). 

Depositional zones of very low near-bed velocity were artificially created to obtain structurally 

standardized and homogeneous C. boltonii habitats, reducing potential effects of spatial 

heterogeneity (Fig. A1A). Eight pairs of artificial depositional zones (i.e. ‘blocks’), were created 

using wood boards imbedded in the river bed and banks and held against the current by iron rods 

(Fig. A1A). Depositional zones formed along both river banks on each site and were structurally 

similar across all sites. Depositional zones were left to rest for a month before field experiments, 

sufficient time to allow sediment stabilization and invertebrate colonization (Lancaster et al. 1991, 

Woodward and Hildrew 2002).  

Leaf litter decomposition and invertebrate colonization of leaf packs were assessed using 

cages designed to allow normal predator foraging behaviour and unrestricted leaf litter access to 

prey (Fig. A1B). Mesh aperture (10 mm) and cage height (15 cm) permitted all prey movements 

across cage boundaries and across the entire water column. Sand (2 cm depth, 1–2 mm size range) 

was added in the solid base of each cage to allow C. boltonii natural burrowing behaviour (Fig. 

A1B). Autumn-shed leaves (2 g ± 0.05) of alder Alnus glutinosa were added in each cage as habitat 

and food for stream invertebrates. 
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Figure A1. (A) Artificially created depositional zones and (B) leaf cages used in field experiments. 

Eight pairs of depositional zones were created. Each pair received 12 cages, 3 of each of the four 

predator treatments. 

 

 

Invertebrate community 

Macroinvertebrate (>500 µm body length) community colonizing cages was determined based on 

the 96 cages deployed in the field and retrieved after 7, 14 or 25 days. A total of 33 taxa were 

captured, a third found at relative abundances higher than 1% and occurring in more than a quarter 

of cages (Table A1-1). Chironomidae (Diptera) and small Limnephilidae (Trichoptera) were the 

dominant taxa. A large fraction of taxa were particulate organic matter feeders, micro-herbivores 

and/or biofilm grazers. Small predators were also frequently found. Leaf-consuming invertebrates 

were Potamophylax, Sericostoma (Trichoptera), Nemoura, Amphinemura, Leuctra, Protonemura 

(Plecoptera) and Gammarus fossarum (Amphipoda). 
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Table A1-1. Taxonomic list and respective abundances of invertebrates found in leaf cages. 

Literature data (Tachet et al. 2009) and gut content analyses (Lecerf unpubl.) were used to infer the 

main food sources in the context of this study. Percent abundances were calculated across all 

individuals captured in the 96 cages used in field experiments. Percent occurrence indicates the 

proportion of cages colonized by a given taxon. 

Taxon Main diet % abundance % occurrence 
(D) Chironomidae FPOM 28.0 98.2 
(T) Limnephilidae CPOM 15.2 92.9 
(E) Baetidae algae/FPOM 8.7 82.3 
(P) Nemoura CPOM 8.5 80.5 
(D) Tanypodinae Diptera/microfauna 8.4 78.8 
(T) Potamophylax CPOM 8.3 77.9 
(T) Gammarus CPOM 6.7 67.3 
(P) Siphonoperla Diptera 3.7 56.6 
(D) Simuliidae FPOM 2.8 27.4 
(E) Habroleptoides FPOM 2.0 33.6 
Oligocheta FPOM 1.4 31.9 
(E) Ephemerellidae FPOM 1.2 29.2 
(P) Amphinemura CPOM 0.9 20.4 
(C) Elmidae Algae, wood, moss 0.8 22.1 
(Pl) Polycelis Diptera  0.7 19.5 
(P) Leuctra CPOM/FPOM 0.6 18.6 
(T) Odontocerum Invertebrates  0.5 10.6 
(D) Dixidae FPOM/microfauna 0.2 5.3 
(Mo) Sphaeridae FPOM 0.2 7.1 
(T) Polycentropus Invertebrates 0.2 6.2 
(D) Athericidae Invertebrates 0.1 4.4 
(P) Protonemura CPOM 0.1 5.3 
(O) Calopteryx Invertebrates 0.1 3.5 
(D) Limoniidae Invertebrates 0.1 3.5 
(T) Sericostoma CPOM 0.1 2.7 
(D) Empididae Invertebrates 0.1 3.5 
(D) Perlodidae Invertebrates * 3.5 
(D) Ceratopogonidae FPOM/microfauna * 2.7 
(E) Ecdyonurus FPOM/algae * 1.8 
(E) Rhithrogena FPOM/algae * 0.9 
(M) Sialis Invertebrates * 0.9 
(D) Rhagionidae Invertebrates * 0.9 
(D) Psychodidae FPOM * 0.9 

Note: Phylum are given in parentheses: C = Coleoptera, D = Diptera, E = Ephemeroptera, M = 

Megaloptera, Mo = Mollusca, O = Odonata, P = Plecoptera, Pl = Platyhelminthes, T= Tricoptera). * 

denote taxa with relative abundance less than 0.1%; FPOM = fine particulate organic matter, 

CPOM = coarse particulate organic matter 
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Predator diet 

We analyzed prey remains in the fecal pellets of the 24 Cordulegaster larvae used in the lethal 

predator treatment to determine predator diet in field experiments. When cages were retrieved from 

the field and returned to the laboratory, C. boltonii larvae were kept individually in 400 ml plastic 

jar filled with stream water. Jars were checked daily until a fecal pellet was released. Odonate 

larvae produce compact faeces enclosed in a strong peritrophic membrane. These fecal pellets 

contain sclerotized parts of prey that can be identified at coarse taxonomic levels (mainly Order) 

under a compound microscope (Lawton 1970). A large proportion of C. boltonii larvae (83%) 

released remains of Trichoptera, mostly Limnephilidae (Table A1-2). Plecoptera larvae were also 

frequently consumed (54%) compared to other prey identified from fecal pellets (Ephemeroptera, 

Coleoptera, G. fossarum). 

 

 

Table A1-2. List and abundances of prey consumed by Cordulegaster boltonii in field experiments. 

Prey were identified from sclerotized parts in predator fecal pellets. Letters in first row identified 

individual C. boltonii larvae. Relative importance of prey in predator faeces is given as a score 

ranging from 0 (no sclerotized parts found) to 5 (large number of sclerotized parts from a given 

prey). Note that finer level of identification was attempted for Trichoptera.  

Prey  a b c d e f g h i j k l m n o p q r s t u v w x Frequency  
Trichoptera                          

Total 0 0 1 2 2 2 2 2 1 2 2 1 0 0 1 4 5 1 3 2 1 1 2 1 20/24 
Limnephilidae 0 0 0 1 0 1 1 0 1 1 1 1 0 0 1 4 5 1 1 1 0 1 1 0 15/24 

Sericostomatidae  0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2/24 
Unidentified  0 0 0 0 2 1 1 2 0 1 1 0 0 0 0 0 0 0 2 1 1 0 1 1 11/24 

Plecoptera 0 0 0 1 1 1 1 0 0 0 1 1 0 3 0 0 1 0 1 2 1 1 2 0 13/24 
Ephemeroptera 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1 0 0 0 1 0 5/24 
Coleoptera 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 0 4/24 
Gammarus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1/24 
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Appendix 2 
Laboratory experiments 
Experimental setup 

Laboratory microcosms were used to examine behavioural responses of prey to non-lethal predator 

exposure. Microcosms consisted of aquaria filled with 10 l of permanently aerated stream water 

maintained at constant temperature (10°C) and subjected to a 12 h light/12 h dark photoperiod (100 

µmol m-2 s-1 photosynthetically active radiation intensity), natural moonlight conditions were 

reproduced using specifically designed lighting (« Night Glo, Exo Terra », 40 W, 220-240 V, 50 

Hz). River sand washed to remove particulate organic matter, dried and sieved to retain the 1–2 mm 

size fraction, was added to allow C. boltonii larvae to burrow (Woodward and Hildrew 2002). One 

refuge for prey, consisting of a circular plastic container (Ø = 5 cm, height = 4 cm) filled with 

coarse gravel (20–30 mm size range), was placed in each aquarium, allowing prey to hide from 

predators (Fig. A2). The refuge was imbedded into the sand so that refuge and substratum surfaces 

were leveled (Fig. A2). However, hiding prey had no access to food and had to exit the refuge to 

feed, thus risking predator encounters. 

Autumn-shed alder leaves were provided as food source and used to determine leaf 

consumption rate by detritivores. Air-dried leaves were weighed in pairs to the nearest 0.01 g, 

wetted, enclosed in fine nylon mesh bags (500 µm mesh size) and incubated in stream water for a 

week to ensure litter conditioning by microorganisms (Bärlocher and Kendrick 1975). A pair of 

leaves was added in each aquarium at the start of the experiment. Leaves were maintained in an 

upright position using a plastic mesh frame, preventing prey from hiding underneath, and positioned 

in contact with the substrate on each side of the retreat site (Fig. A2). 

 

 

 

 

 

 

 

 

 

Figure A2. Microcosm set-up used in laboratory experiments. 
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Prey 

We compared behavioural responses of armored and non-armored prey to predator exposure. Taxa 

were selected for their high occurrence and abundance in our study stream, and their presence in 

Cordulegaster boltonii fecal pellets (Table A1-2). Larvae of the Limnephilidae Potamophylax sp. 

(Trichoptera) build a case made of leaf fragments, twigs and/or sand grains for physical protection 

against predators (Boyero et al. 2006). Thorax, head and legs are exposed during feeding and 

motion but can be retracted completely inside the case when animals are disturbed. Potamophylax 

sp. larvae are much larger than other prey found in the field experiment stream and generally 

account for most of the detritivore biomass in leaf litter (Sanpera-Calbet et al. 2009). Gammarus 

fossarum (Amphipoda) has no specific morphological defense. High feeding and reproductive 

activity levels are typically benthic and make it relatively exposed to predation. As a fast swimmer 

G. fossarum can rapidly respond to predation risk. Where it dominates detritivore assemblage, G. 

fossarum contributes substantially to litter decomposition (Dangles and Malmqvist 2004). 

Both prey taxa were collected from the same site as C. boltonii larvae after the field 

experiments and kept separately in 50-l coolers filled with stream water, 2 cm of substrate and alder 

leaves for food until required for laboratory experiments. We selected the larger individuals 

available at the time of collection (individual dry mass; Potamophylax sp. larvae: mean = 33 mg, 

SD = 4.4; G. fossarum: mean = 3.3 mg, SD = 0.6). Six individuals of Potamophylax sp. or 40 G. 

fossarum were introduced in each aquarium. When setting initial prey numbers, we aim to achieve 

enough detritivore biomass to measure significant leaf mass loss in six days while staying below 

peak densities recorded from stream depositional zones (Potamophylax sp. up to 400 ind. m-2; G. 

fossarum up to 2000 ind. m-2; Lecerf unpubl.). 
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