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The feeding habits of Dictyogenus fontium nymphs were investigated in the Rio
Olen, an alpine brook in NW Italy. In an analysis of the gut contents of 84
nymphs, we detected evident trophic preferences: Chironomidae (Diptera) were
the major component of the prey ingested, independently of their availability in
the substratum. Plant detritus and algae were also an important part of the diet of
this carnivorous stonefly. The findings are discussed on the basis of ecological
considerations.
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1. Introduction

Benthic communities in running water are com-
posed almost exclusively of insects: they consti-
tute an estimated 70-90% of the macro-
invertebrate species in streams and rivers (Min-
shall 1969). Plecoptera is one of the most impor-
tant orders in these ecosystems, indeed often the
dominant order (Zwick 2000, Elliott 2004). For
this reason, many studies have investigated dif-
ferent aspects of the ecology and life-history of
this group (Tierno de Figueroa & Fochetti 2001,
Stewart & Stark 2002).

In recent years, there has been increasing in-
terest in stonefly food habits. Since the pioneer-
ing study of Richardson and Gaufin (1971), re-
search has been conducted on food selection
(Feminella & Stewart 1986), ontogenetic shifts in
the diet (Bo & Fenoglio 2005) and functional
grouping (Short & Ward 1981 — feeding mecha-
nisms, according to the RCC, River Continuum
Concept, Vannote et al. 1980).

Plecoptera nymphs are the most abundant
predators in many lotic systems. In particular,
Plecoptera Systellognatha is the dominant preda-
tor group in fishless alpine streams, with a key
ecological role as top-down control elements in
benthic communities (Zanetell & Peckarsky
1996, Wipfli & Gregovich 2002). Peckarsky and
Dodson (1980) analysed the colonisation process
of instream artificial substrata and found that sub-
strata containing predaceous stoneflies were less
colonised, confirming that these predators can
significantly influence benthic community struc-
ture. Optimal foraging theory, as formulated by
Krebs (1978), predicts that predators opt for the
most advantageous prey according to different
factors, such as encounter rate, prey density, en-
ergy contents, handling time and others. Fuller
and Stewart (1977, 1979) investigated food hab-
its of many Plecoptera species, quantifying
electivity and food preferences of stonefly larvae
in relation to food availability: they demonstrated
the existence of seasonal and ontogenetic shifts,
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dietary overlaps, daily periodicity and prey size
electivity. Predaceous stoneflies exhibit a great
variety of food habits: some species seem to be
extremely selective, feeding mainly on certain
prey (Fenoglio & Bo 2004), while other species
are more opportunistic, eating the most abundant
organisms in the benthic community (Allan &
Flecker 1988, Dudgeon 2000). Moreover, studies
have shown that several Systellognatha have var-
ied food habits, feeding not only on living animal
prey but also on plant detritus (Lillehammer
1988). For this reason, Stewart and Stark (2002)
stated that some stonefly species would not fit
into any of the stereotyped categories defined by
dominant food or feeding mechanisms, e.g. the
five functional feeding groups sensu RCC (scrap-
ers, shredders, predators, filterers and collector-
gatherers). Hence, the food habits of unstudied
species cannot be inferred from their phylogen-
etic position.

Dictyogenus fontium (Ris, 1896) is a typical
orophilous species, endemic to the Alps (Con-
siglio 1980, Ravizza & Ravizza-Dematteis 1991,
Fochetti 1995, Brittain & Saltveit 1996). As its
specific name suggests, this mountain stonefly
lives in small springs and brooks at altitudes rang-
ing from 1,000 to 2,600 m a.s.l., where it is often
the only Perlodidae (Ravizza & Ravizza-Demat-
teis 1990).

The aim of this study was to analyse the diet of
D. fontium nymphs in a typical alpine environ-
ment.

2. Material and methods

On 29-30 September 2005, D. fontium nymphs
were collected in a 100 m uniformriffle of the Rio
Olen brook (UTM 414652-5079947; 2,100 m
a.s.l.). The sampling station is a typical alpine
lotic environment, characterized by high slope,
coarse riverbed and fast flowing water. Riparian
vegetation is almost absent, except for some
Sorbus aucuparia. This lotic system shows good
environmental quality, corresponding to an envi-
ronment without traces of human-induced alter-
ation (first class in the Italian Extended Biotic In-
dex, Ghetti 1997). The main abiotic parameters
are reported in Table 1. Samplings were carried
out with a kick-net sampler (20 x 20 cm; mesh
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Table 1. Main abiotic parameters in the sampling sta-
tion, Rio Olen brook (NW ltaly).

Temperature (°C) 4.8
pH 7.7
Conductivity (uS/cm) 78.0
Alkalinity (mg HCO, /1) 26.0
CI” (mg/l) 0.5
SO, " (mgll) 4.2
PO, " (mg/) <0.1
NO, (mg/l) 0.6
NO, (mg/l) <0.01
NH," (mg/1) <04

size of 500 um) early in the morning, because
Systellognatha are considered mainly nocturnal
feeders (Vaught & Stewart 1974). We also col-
lected Surber samples in the same riffle to assess
the presence and abundance of taxa in the natural
benthic invertebrate population. Samples were
preserved in 90% ethanol. In the laboratory, all
organisms were counted and identified to the ge-
nus level, except for Lumbriculidae and early in-
stars of some Diptera, which were identified to
the family level.

The total length of D. fontium nymphs was
measured (0.1 mm accuracy) and the nymphs
were processed to assess food consumption by
means of gut contents analysis. Guts were re-
moved and the contents of the alimentary canal
were analysed by the transparency method for
slides. Fragments of animal prey were identified
to the lowest taxonomic level possible. Identifica-
tion of prey was based on sclerotized body parts,
particularly head capsules, mouthparts and leg
fragments. Stewart and Stark (2002) stated that
the count of sclerotized fragments (i.e. head cap-
sules) can give a reasonably accurate count of
prey consumed, and weights or volumes could be
extrapolated, if necessary, from morphometric
weight-volume relationships of prey. To investi-
gate possible feeding preferences, we compared
the gut contents with the natural composition and
abundance of macroinvertebrate communities in
the riverbed using the trophic electivity index of
Ivlev (1961):

E=(ri—pi)/(ri + pi)

where i = the proportion of ingested species and
pi=therelative abundance in the benthic commu-
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nity. Feeding preferences were also quantified us-
ing another electivity index (McCormick 1991):

E'=(W-1/N/W+1/N
where
W.=(r,/p)Zr,/p,

In this formula, », = the proportion of ingested
species, p, = the relative abundance in the benthic
community, and N = the number of food items.
Both indexes range from —1.0 to 1.0. A value of —
1.0 means total avoidance, 1.0 indicates prefer-
ence and 0 indicates indifference. The presence of
algae and detritus (e.g. fragments of terrestrial
vegetation) was recorded and quantified on a
scale of 0-3 (0 = no presence; 3 = highest abun-
dance class).

3. Results

We examined the gut contents of 84 Dictyogenus
fontium nymphs and we collected 760 macro-
invertebrates belonging to 26 taxa. The taxa list
and relative macroinvertebrate abundance in the
riverbed are reported in Table 2. The mean length
of D. fontium immature stages was 12.9 mm, with
a minimum of 8.0 mm and a maximum of 17.5
mm.
During the laboratory analysis, we found four
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Fig. 1. Electivity indexes for macroinvertebrate taxa in
the diet of Dictyogenus fontium nymphs in Rio Olen
brook.

Table 2. Relative abundance (% value in the commu-
nity) of macroinvertebrates collected in the natural
riverbed.

Taxa Relative FFG
abundance (%) (*)
Plecoptera
Leuctra sp. 3.68 Sh
Nemoura sp. 4.61 Sh
Protonemura sp. 2.63 Sh
Chloroperla susemicheli 3.16 P
Siphonoperla montana 1.58 P
Isoperla sp. 1.05 P
Dictyogenus fontium 5.05 P
Ephemeroptera
Ecdyonurus sp. 8.95 Sc
Rhithrogena sp. 1.58 Sc
Epeorus alpicola 2.1 Sc
Baetis melanonyx 5.79 Cg
Baetis sp. 2.63 Cg
Trichoptera
Rhyacophila sp. 11.32 P
Hyporhyacophila sp. 2.1 P
Drusus sp. 5.26 Sh
Monocentra lepidoptera 2.63 Sh
Cryptothrix nebulicola 2.63 Sh
Diptera
Chironomidae 11.58 Cg
Limoniidae 211 P
Empididae 1.05 P
Simuliidae 8.11 F
Lispe sp. 1.45 P
Prionocera sp. 0.53 Sh
Oligochaeta
Lumbriculidae 3.68 Cg
Eiseniella tetraedra 0.53 Cg
Crustacea
Niphargus sp. 0.13 Cg
Platyhelminthes
Crenobia alpina 2.50 P
Arachnida
Hydracarina 1.58 P

(*) FFG: f unctional feeding groups (Cg = collector-gatherers; F =
filterers; P = predators; Sc = scrapers; Sh = shredders. see Merritt and
Cummins 1996).

completely empty guts. Fine plant fragments and
algae were present in 82% of the examined guts.
Furthermore, plant detritus was virtually the only
element found in five nymphs; interestingly,
these five nymphs were of very different size,
from 10.4 to 17.5 mm (total length).

Results of the feeding preference analysis are
reported in Fig. 1. Considering all specimens col-
lected, the most important prey group was Chiro-
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nomidae (Diptera): it constituted 68.8% of total
ingested items and was present in 65.5% of guts.
Ephemeroptera, mainly Baetidae, was the second
most frequent group, occurring in 9.5% of guts.
In two specimens, we found heads and other body
parts of Limnephilidae (Trichoptera) and in one
gut there was an entire specimen of Hyporhya-
cophila sp. (Trichoptera). Plecoptera legs and
fragments were present in only one gut. Interest-
ingly, some organisms that were quite abundant
in the natural environment, such as Rhyacophila
sp., Hyporhyacophila sp. (Trichoptera) and Pro-
simulium sp. (Diptera), were almost absent in the
diet of D. fontium.

4. Discussion

Several studies have examined food habits in
stoneflies (Fuller & Stewart 1979, Peckarsky
1980, Allan & Flecker 1988). The problem of an
accurate assessment of feeding habits and food
electivity has been pointed out in many papers
and summarized in the work of Peckarsky
(1984): the exclusion of particular prey items
from the predator’s diet could be related to sev-
eral causes, such as effective prey escape mecha-
nisms, low prey availability or lack of habitat
overlap between prey and predator.

The aquatic nymphs of large Systellognatha
have long been considered almost exclusively
carnivorous. However, in recent studies, plant
material and algae have been recorded in gut con-
tents of Dinocras cephalotes (Lucy et al. 1990),
Perlodes microcephalus (Fenoglio et al. 2005),
Isoperla grammatica (Malmqyvist et al. 1991) and
Dictyogenus alpinum (Fenoglio & Bo 2004).
This study demonstrates that the importance of
plant detritus in the diet of these organisms could
be more important than previously supposed; we
also suggest that this resource could be particu-
larly significant in oligotrophic and extreme habi-
tats, such as alpine brooks. Flexible feeding hab-
its could be an efficient adaptation to fluctuating
and poor food resources.

The second main finding of our study is the
evidence of trophic selection in the diet of
D. fontium immature stages. We found an evident
preference for Chironomidae: although larvae of
this family were the most abundant organisms in
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the Rio Olen brook, the two indexes revealed that
their presence in the diet was related to active se-
lection and preference (Ivlev index = 0.79,
McCormick index = 0.76). This consistent pat-
tern of election of Chironomidae and avoidance
of other abundant organisms could be related to
ecological and behavioural factors; for example,
Simuliidae could be difficult to catch because
they inhabit microhabitats difficult to explore
(upper surface of stones in fast flowing environ-
ments). On the other hand, the relatively abun-
dant caddisflies of the family Rhyacophilidae
may be a difficult prey because of their large size
and predaceous habits.

In conclusion, this study provides evidence
that the diet of D. fontium in alpine environments
is not strictly carnivorous and is characterised by
trophic selection for a few selected prey.
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