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Abstract
Feeding habits of the Euholognathan stoneflies Nemoura hesperiae and Amphinemura sulcicollis are studied
in a little stream located in northern Italy. The former fed mainly on coarse particulate organic matter
(CPOM), together with detritus, while the latter fed principally on detritus and, in a lower concern, on
CPOM. Thus they can be catalogued fundamentally as shredder and collector-gatherer, respectively. Shifts
in diet composition were detected in relation to size in both taxa. Probably niche overlapping does not exist
despite both species having similar size and nymphal development duration, and coinciding in time. This
work supports that, though functional feeding groups are very useful, they should not be inferred from
related species or higher taxonomical levels. Even intra-population differences and ontogenetic shifts should
be considered in fine scale studies.
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INTRODUCTION

The study of feeding habits of macroinvertebrates is
important to understand their role in the benthic com-
munity and their function in the metabolism. Lotic eco-
systems depend on allochthonous and autochthonous
organic inputs, and macroinvertebrates play a key role
in the consumption of periphyton, aquatic plants, fine
and coarse detritus (Monakov 2003); for example, these
organisms represent one of the most important elements
in running water food webs, because they ingest huge
amounts of terrestrial leaves enhancing the energetic
balance of the whole system (Fenoglio & Bo 2009).

In stream ecology studies, there is a consolidate
tendency to group macroinvertebrates into five Func-
tional Feeding Groups (FFG) according to Merritt and
Cummins (1996): scrapers, that remove biofilm and

associated algae from various substrates; shredders, that
ingest coarse particulate organic matter, mainly leaves;
collectors–gatherers, that feed on fine sediments; filter-
ers, that collect drifting organic particles; and predators.
In origin, morphology of mouthparts and phylogenetic
position played a main role in the assignation of organ-
isms to the different FFG, but recently different studies
underlined that is not always the morphology of mouth-
parts in animals that determines their feeding mecha-
nisms and, consequently, that the feeding behaviour,
even of similar species, may vary substantially
(Monakov 2003). Thus, it is extremely important to
study each single species to properly include them in the
actual functional feeding group (sensu Merritt &
Cummins 1996) to which they belong. This is one of the
first steps from which further ecological studies should
be built. Furthermore, one of the most important works
about trophic behaviour (Mihuc & Minshall 1995)
underlined that ecological studies in streams and rivers
should be based at the species level.

Plecoptera is a very important order of aquatic insects
in small lotic systems (Stewart & Stark 2002). These
hemimetabolous insects play a key role at different
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nodes of the trophic network in most temperate low
order environments, acting as decomposers of alloch-
thonous inputs, top predators and, in some cases, her-
bivores, feeding mainly on diatoms (Fochetti & Tierno
de Figueroa 2008a; Fenoglio & Bo 2009). Particularly
Nemouridae is considered one of the most diverse fami-
lies in the order Plecoptera, with more than 600
described species (Fochetti & Tierno de Figueroa
2008a).

In this work we study two stonefly species belonging
to the family Nemouridae, Nemoura hesperiae Con-
siglio, 1960 and Amphinemura sulcicollis Stephens,
1836, which cohabit in the same creek.

Nemoura hesperiae is an endemic species of Italy
present in low order streams of the Apennines and in the
hydrographic network of Sicily (Fochetti & Tierno de
Figueroa 2008b). The nymph of this stonefly has been
recently described by the authors from specimens col-
lected in the same study site (Tierno de Figueroa et al.
2009). The flight period of this species is mainly spring
in the study area (Bo et al. 2009).

Amphinemura sulcicollis is, however, a widely distrib-
uted species in Europe, which inhabits rivers of various
orders and also lakes (Fochetti & Tierno de Figueroa
2008b). This species has also a spring flight period in the
study site (Bo et al. 2009), mainly coincident with the
one of Nemoura hesperiae. The diet of this species has
been previously reported in two classical articles by
Hynes (1941, 1961) who found that A. sulcicollis
nymphs were herbivorous and fed mainly on leaves,
mosses, detritus and algae. Brinck (1949) recorded that
in Swedish lotic systems, this species ingested mainly
diatoms, higher plant and moss tissues, but also filamen-
tous green algae, detritus and mineral matter. Also in
northern Europe, Madsen (1974) showed that this
species was detritivorous and ingested also a great
amount of fungi.

Both species have a univoltine life cycle in the study
site, and they cohabit and develop during approximately
the same months of the year (Tierno de Figueroa et al.
2009).

In this study the gut content of N. hesperiae is ana-
lyzed for the first time, and trophic preferences of A.
sulcicollis in the Curone creek are also reported and
compared with results from studies in other areas. In
particular, gut contents of these two Nemouridae species
are analyzed to investigate their role in the functioning
of the stream ecosystem.

MATERIALS AND METHODS

The study was conducted in an Apenninic creek (Tor-
rente Curone, 620 m a.s.l., 44°47′14″ N, 9°04′02″ E,

north-western Italy), from April, 2007 to April, 2008.
Water temperature was recorded using a HOBO Water
Temp Pro datalogger, (Onset Computer Corporation,
Bourne, MA, USA) and varied notably from 0.01°C to
22.3°C. The stream has dense riparian vegetation,
mainly composed of Carpinus betulus, Fraxinus sp.,
Acer spp., Salix spp. and Quercus pubescens. It presents
coarse riverbed with immovable elements, fast flowing
waters, a mean depth of 20 cm and a mean width of
5 m, and elevated slope. Main physico-chemical param-
eters recorded during the study period are reported in
Table 1.

During field activities, specimens were collected using
a kick net (mesh of 250 mm), sorted and preserved in
75% ethanol. In the laboratory all nymphs were identi-
fied, counted, and total length was measured using a
Nikon SMZ 1500 stereomicroscope (0.1 mm accuracy;
Nikon, Tokyo, Japan) with a Sony HD AVCHD video-
camera (Sony, Tokyo, Japan) linked to a Samsung 36”
LCD (Samsung, Budapest, Hungary).

Gut contents were analyzed with the methods pro-
posed by Bello and Cabrera (1999), widely used in
stonefly feeding studies (e.g. Cammarata et al. 2007;
López-Rodríguez et al. 2009a). Each individual was
placed in a vial with Hertwigs’ liquid and heated in an
oven at 65°C for approximately 24 h before mounting
individuals on slides for study under the microscope. A
compound microscope equipped with an ocular
micrometer was used to estimate the percentage abso-
lute gut content (at 40¥ as % total area occupied by the
contents in the whole digestive tract) and the relative
abundances of food items in the gut content (at 400¥ as
% area occupied by each component of the total gut
contents). Mean, standard deviation, minimum and
maximum were calculated. Species were classified to
functional feeding groups (FFG, sensu Merritt &
Cummins 1996) on the basis of their food sources and
mechanisms of food acquisition.

Kendall’s tau was used to study the correlation
between total length and percentage of gut contents,
because it is the most appropriate correlation test when
there are a large number of observations, as in the
present study. As diet components are dependent on

Table 1 Main physico-chemical parameter recorded in the
study site during the sampling period (mean � SD)

Parameter Values

Conductivity (mS/cm) 330.0 � 13.3
Dissolved oxygen (mg/l) 7.95 � 0.13
pH 8.97 � 0.22
Flow speed (m/s) 0.67 � 0.14
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each other, a Holm’s adjustment of P-values was
applied. Mann-Whitney U was used to evaluate possible
differences in the percentage of each trophic resource
between species. Holm’s adjustment of P-values was
applied in this analysis also.

Statistical analyses were performed with R software
(R Development Core Team 2009).

RESULTS

A total of 283 individuals (102 of N. hesperiae and 181
of A. sulcicollis) were measured and processed for gut
content analyses. For both species, all nymphal stages
were represented. The numbers of individuals belonging
to different size classes are shown in Figure 1.

Seventy-four nymphs of N. hesperiae had some
content in their guts. The main trophic resource was
coarse particulate organic matter (CPOM), together
with detritus (Fig. 2). Other minor components of the
diet were fungi hyphae and spores. In only one indi-
vidual indeterminate animal matter was found. Larger
nymphs seemed to feed more on CPOM, while smaller
fed mainly on detritus, though correlations were very
low in every case (Table 2).

On the other hand, 127 nymphs of A. sulcicollis had
some gut content. They fed mainly on detritus and
CPOM, but also on fungi hyphae and spores, and in
only one individual algae were found. Also in this
species a shift of diet with size was detected. Larger
nymphs fed more on detritus and less on fungi spores,
but correlation values were low (Table 2).

Differences between species (N for N. hesperiae = 74
and N for A. sulcicollis = 127) regarding each diet
component showed significant results for detritus
(Mann-Whitney U = 2460.5, P < 0.05), CPOM (Mann-
Whitney U = 3406.0, P < 0.05) and fungi spores (Mann-
Whitney U = 2511.0, P < 0.05).

DISCUSSION

Knowledge of specific aspects of the feeding behaviour
and feeding requirements of animals is indispensable in
acquiring an insight into the competition, coexistence of
similar species, availability of food and niche overlap-
ping (Monakov 2003).

In this study the feeding habits of N. hesperiae have
been investigated for the first time. The results showed
that this endemic Italian species behaves mainly as
shredder, and secondly as collector-gatherer (sensu
Merritt & Cummins 1996). A shift in resource ingestion
was detected in relation to size: larger nymphs acquired
more CPOM than smaller. An ontogenetic shift in diet
was reported in some other Nemouridae (such as N.
lacustris Pictet, 1865 (López-Rodríguez & Tierno de
Figueroa 2005)) and also in other stonefly families, such
as Perlodidae (e.g. López-Rodríguez et al. 2009b) and
Perlidae (e.g. Bo & Fenoglio 2005). As previously

Figure 1 Total number of individuals and number of individu-
als with some gut contents belonging to the different size
classes in Nemoura hesperiae and Amphinemura sulcicollis.

Figure 2 Histogram showing relative importance of the differ-
ent components in the diet of Nemoura hesperiae and
Amphinemura sulcicollis (mean � SD).

Table 2 Kendall tau correlations between total length and diet
components of the studied species

Nemoura hesperiae
total length

Amphinemura
sulcicollis

total length

% detritus -0.229* 0.156*
% CPOM 0.244* -0.125
% hyphae -0.054 -0.068
% fungi spores -0.183 -0.235*
% animal matter 0.151 –
% algae – -0.040

*Statistically significant at P < 0.05, after Holm’s adjustment.
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pointed out, no other studies exist on this taxon.
Nevertheless, available data exist on other congen-
eric species. All studied Nemoura are phytophagous-
detritivorous (as pointed out for Nemouridae in general
(Hynes 1976)), some of them acting almost exclusively
as collector-gatherers, and others, at different rates, as
scrapers and/or shredders (e.g. Brittain 1973; Bird &
Kaushik 1985; Azzouz & Sánchez-Ortega 2000; López-
Rodríguez & Tierno de Figueroa 2005; Silveri et al.
2008). Our results confirm these findings, showing that
Nemoura nymphs can be considered quite generalist,
acting indistinctly as shredders of large vegetal frag-
ments and as collectors of fine detritus. This role in
coarse and fine particle metabolism lets us suppose that
these stoneflies have a great importance in the energetic
balance of small lotic systems.

In the studied area, the diet of A. sulcicollis was
composed mainly of fine detritus and, in a lower
concern, of CPOM. Thus the nymphs of this species
were mainly collector-gatherers, but also shredders. Also
in this species, a change of diet in relation with size was
observed: larger nymphs fed more on detritus and less
on fungi spores, though the ingestion of less spores is
probably an indirect consequence of less ingestion of the
substrate where the spores are found, mainly CPOM.

These results support the detritivorous behaviour pre-
viously reported by Madsen (1974) for A. sulcicollis,
who also pointed out that nymphs ingested a great
quantity of fungi. Nevertheless, the results do not
sustain the results found in some other studies (Hynes
1941, 1961; Brinck 1949), where the species is recorded
as mainly herbivorous. More recently some authors
(Murphy & Giller 2000; Dangles 2002; Collen et al.
2004; Pretty et al. 2005) considered A. sulcicollis prin-
cipally as shredder.

Though both species had similar size, nymphal devel-
opment duration and coexisted in time, their main
trophic resource was different, so probably no niche
overlapping exists in this mainly oligotrophic system,
but further studies are needed to confirm this hypoth-
esis.

Moreover, the studied species had significant differ-
ences in the percentage of their main diet components,
supporting the different use they do of their main
feeding resources, and also supporting their classifica-
tion in different FFG.

In conclusion, this work supports what has been pre-
viously pointed out by Stewart and Stark (2002), i.e.
that the feeding habits of an unstudied species cannot be
inferred from studies of congeners. Even intraspecific
differences in diet and ontogenetic variations are fre-
quently found in this order of insects. Thus, as suggested
also by Mihuc and Minshall (1995), functional feeding

groups should be used with caution to infer systems-
level trophic dynamics in streams and rivers, though
they are very useful in ecological studies.
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