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SUMMARY

Some biological aspects of a Nemoura mortoni population inhabiting a high
mountain Alpine stream (Stelvio National Park, Trentino, Italy) are studied. This
population presents an univoltine slow seasonal life cycle, with nymphal hatching
occurring in spring, a relatively faster growth in summer, slower growth during
winter, and emergence in spring. The analysis of gut contents shows that this
species behaves mainly as gatherer-collector, feeding mainly on detritus, but,
in a lower proportion, can act as shredder, ingesting plant pieces. Diatoms are
also present in its diet.

RESUMEN

Se estudian algunos aspectos de la biologia de una poblacion de Nemoura
mortoni que habita en un arroyo alpino de alta montafia (Parque Nacional Stelvio,
Trento, Italia). Esta poblacion presenta un ciclo de vida univoltino estacional
lento, con eclosion ninfal en primavera, un crecimiento relativamente mas rapido
en verano y mas lento en invierno, y emergencia en primavera. El analisis de
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los contenidos digestivos muestra que esta especie se comporta principalmente
como colectora de depdsito, alimentandose principalmente de detrito, aunque,
en menor medida, puede actuar como fragmentadora, ingiriendo fragmentos
vegetales. Las diatomeas forman también parte de su dieta.

INTRODUCTION

Knowledge about the life cycles and other aspects of the biology of
many macroinvertebrate species are very important to evaluate the effects of
environmental stress, especially in the last decade (Raddum & Fjellheim, 1993;
Fjellheim & Raddum, 2008). Stoneflies are very sensitive macroinvertebrates
and changes in their life histories can be used as indicators. Temperature
is one of the most important factors influencing the phenology of stonefly
species. In fact, it regulates egg development period and hatching, nymphal
growth and development, and adult emergence and flight period (Sweeney,
1984).

The genus Nemoura Latreille, 1796 includes around 175 species, 55 of
them present in Europe (Fochetti & Tierno de Figueroa, 2006, 2008a), living
in different aquatic habitats, mainly in streams and rivers but also in lakes.
In Italy, Nemoura counts 17 species, 13 of which are typical of Alpine and
Pre-Alpine areas (Fochetti & Tierno de Figueroa, 2008b). Nemoura mortoni
(Ris, 1902) is one of the most abundant species in the Alps. In Italy, this
species presents an altitudinal range comprised between 200 and 2300 m
a.s.l. and a spring flight period, from April to June or early July, (Consiglio,
1980; Fochetti & Tierno de Figueroa, 2008b), but there is no data on its
life cycle and feeding habits.

Thus, the aim of this work is to increase the knowledge about the eco-
logy of this species in a high mountain cold habitat, the altitudinal limit
of the distribution of this species in Italy.

Some Nemoura species, with univoltine life cycles in low altitude and/or
middle latitude areas, present longer cycles in colder areas, while other spe-
cies can complete their life cycles in these areas in only one year despite
the unfavorable conditions (Lillehammer, 1986, 1988). Also, the growth rates
can vary in relation to temperature or remain approximately constant along
the year, although it is usually accepted that growth is slow and gradual at
low temperatures (Lillehammer, 1986). In relation to this, we would like to
remark the importance of studies on life cycles and other aspects of stone-
fly biology at species or population level, given that it is not possible to
infer this information from the general patterns obtained from some other
species or populations that, living in different conditions, may behave in a
different way. The same fact happens in relation to the feeding behavior,
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being especially interesting to know if there are dietary particularities in a
population inhabiting a very high and cold stream.

MATERIAL AND METHODS

Nymphs were collected in a stream (Larcher stream) of Noce Bianco
watershed in De la Mare Valley (Stelvio National Park, Trentino, NE Italy,
46°N, 10°E), located at 2270 m a.s.l. The stream substrate was composed
mainly by cobbles and the typology of the sampling site was rithral.

The macroinvertebrate community was sampled from May 2002 to De-
cember 2004 using the kick sampling method, and collected specimens were
preserved in 75% ethanol in the field. Stonefly specimens were identified
in the laboratory to the species level. Harsh environmental conditions made
impossible to carry out sampling from January to the end of April. Thus,
nymphs of N. mortoni were collected in a total of 11 sampling, extended
from May to December. Due to the scarcity of sampling where the species
was present, we used data from all the period (2002-2004) to study the life
cycle of the species. Measurements of the pronotum width (usually employed
as a good indicative measure of growth) of N. morfoni nymphs were taken
with a microscope equipped with an ocular micrometer. To study the life
cycle, FiSAT II software (Gayanilo et al., 2002) was used.

Nymphs were later used to assess food consumption. The gut contents
were analysed following the transparency method proposed by Bello &
Cabrera (1999) and previously employed in aquatic insect feeding studies
(Tierno de Figueroa & Sanchez-Ortega, 2000; Derka ef al., 2004; Fenoglio et
al., 2008) with slight variations: each nymph was introduced in a vial with
Herwig’s liquid for 19 hours at 65°C, and afterwards, cleared individuals
were collocated on a slide glass with a cover glass on. An Olympus mi-
croscope was used for identifying the different components of the gut contents
and the percentages that they occupied in the guts were quantified. Statistical
analyses were performed with Statistica 7.1 (StatSoft, 2005). Mean, standard
deviation and maximum and minimun values were calculated.

RESULTS AND DISCUSSION

A total of 61 nymphs of N. mortoni were collected and measured from
high altitude sampling station. Figure 1 shows the life cycle of N. mortoni
in the studied stream. This species presents a univoltine life cycle that can
be catalogued as “Slow Seasonal Life Cycle” according to Hynes (1970).
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Fig. 1.—Life cycle of N. mortoni at the studied stream. Emergence arrow corresponds to the
presence of completely mature nymphs. Y-axis represents pronotum width in mm.

Fig. 1.—Ciclo de vida de N. mortoni en el arroyo estudiado. La flecha de emergencia se
corresponde a la presencia de ninfas completamente maduras. El eje Y representa la anchura
del pronoto en mm.

The presence of earlier nymphal stadium in May suggests that egg hatching
begins in late spring. Our data point out that N. mortoni shows a relative
fast growth during summer and a slightly slower growth rate in autumn and,
specially, in winter. Thus, in December, nymphs present small and medium-
size wing pads and they have a total size almost similar to mature nymphs,
showing that there is not a notable growth during the winter period. In May,
the presence of big nymphs with completely developed wing pads (and one
individual in which the epiproct pieces were already clearly observed when
transparented) would mean that the adult emergence must occur in this pe-
riod, but also the presence of smaller nymph in the same period suggests
that some adults must have emerged, at least, in the previous month. Thus,
we can suppose a spring flight period for this species in the study area that
coincides with that usually indicated for this species in other parts of Italy
(Consiglio, 1980; Fochetti & Tierno de Figueroa, 2008b). This life cycle of
N. mortoni in the studied area is very similar, in phenology and duration,
to the one described for a population of N. avicularis Morton, 1894 in a
North Wales lake (Brittain, 1973). Future studies in other lower areas in
the same latitude will let us confirm if, in high altitude glacial stream, the
harsh environmental conditions induce a slowing growth or if the observed
life cycle for this species is similar at different altitudes.

The analysis of the gut contents (Table I) shows that the studied population
of N. mortoni behaves mainly as gatherer-collector and, in a lower proportion,
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Table I.—Absolute and relative percentages of gut contents of N. mortoni nymphs.
Tabla I.—Porcentajes absoluto y relativos de los contenidos digestivos de las ninfas de N.
mortoni.

N Mean Min. Max. S.D.
% Absolute 61 22.84 0 95 23.33
% Detritus 47 64.26 0 100 39.33
% Plant fragments 47 23.40 0 100 38.38
% Algae (mainly Diatoms) 47 11.11 0 85 23.44
% Spores 47 0.94 0 20 2.97
% Pollen 47 0.11 0 0.73
% Diptera 47 0.19 0 1.31

as shredder (semsu Cummins & Merrit, 1996). Thus, the main component
found in the gut contents is detritus, that comprises 2/3 of the ingested
food, followed by plant fragments and algae, mainly Diatoms. Other com-
ponents, including spores, pollen grains and a Diptera larva, or part of it
(the two last items only found in one individual) were probably ingested
accidentally. Comparing the diet of the N. mortoni studied population with
the one described for other Nemoura species, we detected some differences
between them. Although, all studied Nemoura are phytophagous-detritivorous
[as pointed for Nemouridae in general (Hynes, 1976)], some of them act
almost exclusively as gatherer-collectors, while others act, in different rates,
as scrappers and/or shredders (e.g. Brittain, 1973; Bird & Kaushik, 1985;
Azzouz & Sanchez-Ortega, 2000; Lopez-Rodriguez & Tierno de Figueroa,
2005).

ACKNOWLEDGEMENTS

The authors want to thank Manuel J. Lopez-Rodriguez for his help and
valuable comments on the manuscript.

LITERATURE CITED

Azzouz, M. & SANCHEZ-ORTEGA, A. 2000. Feeding of the nymphs of nine stonefly species
(Insecta, Plecoptera) from North Africa (Rif Mountain, Morocco). Zoologica baetica,
11: 35-50.

Berro, C.L. & CaBrera, M.I. 1999. Uso de la técnica microhistologica de Cavender y
Hansen en la identificacion de insectos acuaticos. Boletin Entomolégico Venezolano,
14(1): 77-79.

Zool. baetica, 19: 51-56, 2008



56 L. SILVERI, JM. TIERNO DE FIGUEROA & B. MAIOLINI

BrD, G.A. & Kausnik, N.K. 1985. Processing of elm and maple leaf discs by collectors and
shredders in laboratory feeding studies. Hydrobiologia, 126: 109-120.

Brittam, JE. 1973. The biology and life cycle of Nemoura avicularia Morton (Plecoptera).
Freshwater Biology, 3: 199-210.

ConsiGLio, C. 1980. Plecotteri (Plecoptera). Guide per il riconoscimento delle specie animali delle
acque interne italiane. N. 9. Consiglio Nazionale delle Ricerche. Italia.

Cummins, K.W. & MEerriT, R.W. 1996. Ecology and distribution of aquatic insects. In: MERr-
RIT R.W. & Cummins, K.W. (editors). An Introduction to the Aquatic Insects of North
America. 3" ed.: 74-86. Kenall/Hunt. Dubuque, TA.

DErkA, T.; Tierno DE FiGUEROA, J.M. & KrNo, 1. 2004. Life cycle, feeding and production of
Isoptena serricornis (Pictet, 1841) (Plecoptera, Chloroperlidae). International Review
of Hydrobiology, 89(2): 165-174.

FenocLio, S.; Bo, T.; TierNo DE FiGUEROA, J.M. Cucco, M. 2008. Nymphal growth, life cycle
and feeding habits of Potamanthus luteus (Linnaeus, 1767) (Insecta, Ephemeroptera) in
the Bormida River (NW lItaly). Zoological Studies, 47(2): 185-190.

FieLLHEIM, A. & Rappum, G.G. 2008. Growth and voltinism in the aquatic insects of a regulated
river subject to groundwater inflows. River Research and Applications, 24: 710-719.

FocheTTi, R. & TierNO DE FiGUEROA, J.M. 2006. Notes on diversity and conservation of the European
fauna of Plecoptera (Insecta). Journal of Natural History, 40(41-43): 2361-2369.

— 2008a. Global diversity of stoneflies (Plecoptera; Insecta) in freshwater. Hydrobiologia, 595:
365-377.

— 2008b. Plecoptera. Vol. XLIII. In: Fauna d’ltalia. Comitato Scientifico per la Fauna d’Italia.
Ed. Calderini, Milan. 332 pp.

GavaniLo, Jr., F.C.; SparrE, P. & Paury, D. 2002. FiSAT II (ver. 1.2.0.). Food and Agriculture
Organization of the United Nations (FAO) (www.fao.org/fi/statist/fisoft/fisat/index.htm).

Hyngs, H.B.N. 1970. The ecology of running waters. University of Toronto Press, Toronto.

— 1976. Biology of Plecoptera. Annual Review of Entomology, 21: 135-153.

LiLLEHAMMER, A. 1986. The effect of temperature on the egg incubation period and nymphal
growth of two Nemoura species (Plecoptera) from subarctic Fennoscandia. Aquatic Insects,
8(4): 223-235.

— 1988. Stoneflies (Plecoptera) of Fennoscandia and Denmark. Fauna Entomologica Scandinava.
Vol. 21. E.J. Brill, Scandinavian Science Press LTD.

Loprez-RobpriGuez, M.J. & TiErRNO DE FiGUERoA, J.M. 2005. Ciclo de vida y composiciéon de
la dieta de Nemoura lacustris Pictet, 1865 (Plecoptera, Nemouridae). Boletin de la
Asociacion Esparniola de Entomologia, 29(1-2): 87-97.

Rappum G.G. & FieLLHEIM A. 1993. Life cycle and production of Baetris rhodani in a re-
gulated river in Western Norway: comparison of pre- and post-regulation conditions.
Regulated Rivers: Research and Management, 8: 49-61.

StarSort, Inc. 2005. STATISTICA (data analysis software system), version 7.1. www.stat-
soft.com.

SweeNEY, B.W. 1984. Factors influencing life-history patterns of aquatic insects. In: REsH,
V.H. & RosemBERG, D.M. (editors). The ecology of aquatic insects: 56-100. Praeger
Publishers, New York.

TiErNO DE FIGUEROA, J.M. & SANCHEZ-ORTEGA, A. 2000. Imaginal feeding of twelve Nemouroi-
dean stonefly species (Insecta, Plecoptera). Annals of the Entomological Society of
America, 93(2): 251-253.

Zool. baetica, 19: 51-56, 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


