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Foreword
I’ve always been fascinated by stoneflies. To me, they are the unsung inhabitants of the freshwater world. They are
however some of the largest and longest lived of aquatic insects, second only to the dragonflies in both respects.
Despite their drab appearance and secretive nature the stoneflies are fascinating to study. Many species exhibit
varying degrees of brachyptery (short-wingedness), particularly at higher altitudes. Most species are active as adults
earlier in the year when other aquatic insects remain as larvae, which provides an early season opportunity for their
study before the other aquatic insects emerge. They also employ an amazing technique to find a mate, drumming
their abdomen against vegetation, trees or bankside structures and listening for a reply from the opposite sex. These
drumming signals are so distinct that you can identify individual species from their drumming alone.
The study of aquatic insects often focuses on the larger groups like water beetles, or bigger, ‘showier’ species such
as dragonflies. Less charismatic insects, like the stoneflies are often overlooked. Nevertheless, stoneflies play an
important role in aquatic ecosystems. The threats to the aquatic environment are however many and varied and it is
clear that increased understanding of the needs of aquatic insects such as stoneflies is key to ensuring their continued
survival. Despite legislative changes such as the Water Framework Directive, aquatic insects continue to be at risk
from pollution events and habitat loss and degradation. With additional pressures from climate change and invasive
alien species, freshwater aquatic insects are some of the most threatened species. It is therefore vitally important that
we understand the characters, traits and distribution of these insects so that we can fully appreciate the impact that
stresses and pressures on the aquatic environment may have on them and put in place suitable measures to further
their conservation.
This publication brings together the most up to date knowledge on the Irish stoneflies. It combines detailed
descriptions of their ecology with comprehensive distribution maps and is complemented with images and
illustrations for each species. It is hoped that the information provided in this publication will help stimulate an
interest in stoneflies, their ecology and their habits and will encourage the reader to take up the study of stoneflies and
contribute new information on behaviour and distribution in Ireland.
Craig Macadam
Conservation Director
Buglife – The Invertebrate Conservation Trust
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Checklist of Irish Stonefly 1,2,3
Family

Species

Capniidae

Capnia atra Morton
Capnia bifrons (Newman)

Chloroperlidae

Chloroperla tripunctata (Scopoli)
Siphonoperla torrentium (Pictet)

Leuctridae

Leuctra hippopus Kempny
Leuctra inermis Kempny
Leuctra fusca (Linnaeus)
Leuctra nigra (Olivier)

Nemouridae

Amphinemura sulcicollis (Stephens)
Nemoura avicularis Morton
Nemoura cinerea Retzius
Nemurella pictetii Klapálek
Protonemura meyeri (Pictet)
Protonemura praecox (Morton)

Perlidae

Dinocras cephalotes (Curtis)
Perla bipunctata Pictet

Perlodidae

Diura bicaudata (Linnaeus)
Isoperla grammatica (Poda)

Taeniopterygidae

Brachyptera risi (Morton)

1. Nomenclature based on Hynes (1941), with the exception of Siphonoperla torrentium which was formerly known as Chloroperla
torrentium and updated by Zwick (1967). Recent phylogenetic work by Bourmans and Murányi (2014) suggests that Capnia
bifrons refers to a species complex rather than a single species, while Murányi et al. (2014) distinguished and described four
species which until recently were subsumed under ‘Capnia bifrons’: One of these species Zwicknia bifrons (Newman) has been
described in Scotland.
2. Previous lists of Irish stonefly have included Perlodes microcephala (Pictet) but this species is now considered extinct in Ireland.
See Introduction for more details.
3. The hierarchical taxonomic classification of insects usually includes the level ‘superfamily’ (i.e. class, order, superfamily, family
and species). Two superfamilies, Nemouroidea (includes the families Capniidae, Leuctridae, Nemouridae and Taeniopterygidae)
and Perloidea (includes the families Chloroperlidae, Perlidae and Perlodidae), occur in Ireland. The ‘superfamily’ level has not
been included in this publication. Therefore Irish Plecoptera ‘families’ are listed alphabetically.

Introduction
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The freshwater insect group, the stonefly, or Plecoptera

Leuctridae are commonly known as Needle-flies, the

(from the Greek pleco meaning “pleated, braided or

two species of Perlidae are known as Large Stonefly,

folded” and ptera meaning “wing”), was named by

while Isoperla grammatica (Poda) is known variously

Hermann Burmeister in 1839 after being identified

as a Yellow Sally or Old Joan (McCully 2000; Pryce

as a singular group within the Insecta by Swiss

et al. 2007; Macadam and Stockan 2015). Despite the

entomologist François Jules Pictet in 1832 and 1833.

cultural significance of aquatic insects (see Macadam

They are an ancient group with origins dating back

and Stockan 2015 for more information) and several

to the Permian period, about 250 million years ago.

decades of freshwater studies, the distribution and

So far, approximately 3,500 species and sub-species

ecology of stonefly in Irish waters are relatively

of stonefly have been reported worldwide, of which

poorly documented. Their distribution was reviewed

approximately 570 occur in European waters (Fochetti

by Costello (1988a) listing 19 species, and although

and Tierno de Figueroa 2006, 2008; Graf et al. 2009;

providing a good spread of records nationally, this

Fochetti et al. 2010), while new species are being

publication only gave limited information on the

continually discovered (e.g. Bourmans and Murányi

distribution of the less common and rare species.

2014; Graf et al. 2014). It is, therefore, quite evident

Nevertheless, the relatively recent confirmation of the

that Ireland has a depauperate representation with only

species Leuctra nigra (Oliver) in Irish waters in 1996

19 species which likely relates to the island’s western

(O’Connor and Costello 1997, but also see O’Connor

location and glacial history. Nevertheless, stonefly are

and Norton 1977, 1978 for tentative nymphal records)

an extremely important component of Irish freshwaters

and the probable extinction of Perlodes microcephalus

and are most common in clean headwater streams

(Pictet) (formerly P. microcephala – see Zwick (2011)

and on stony and rocky shorelines of lakes where

for more details on polymorphism and taxonomy in

wave action resulting from wind is common. Many

Perlodes microcephalus group), not recorded since the

species may also extend far downstream into larger

early 1900s (Costello 1988a; Baars and Kelly-Quinn

rivers, especially where cool temperatures and stony

2006), emphasises the need to update information

substrata are present, as well as in standing waters,

on both distribution and autecology of stoneflies

like ditches and seepages amongst Sphagnum moss

in Ireland. Recently, Baars and Kelly-Quinn (2006)

(Hynes 1976; Baars et al. 2004; Graf et al. 2009).

compiled distributional data and examined the
biogeography of each species in relation to a selection

For centuries fishermen have referred to them using

of known physico-chemical parameters. The present

many common names, and although these names

publication adds recent records to that compiled

likely vary from locality to locality, examples include

by Baars and Kelly-Quinn (2006) and provides a

Brachyptera risi Morton which is known as the February

comprehensive review of the literature on the ecology

Red and Protonemura meyeri (Pictet) which is the

of each species.

Early Brown (also called the Winter Brown), the

Illustration 1: The three stages of the life cycle of stonefly including egg (bottom right), nymph (bottom left) and adult (imago)
winged stages (top).

Life cycle, life histories & temperature
The plecopteran life cycle consists of three main stages;

stonefly life cycles varies widely, but this stage of the

the egg, the nymph and the (imago) adult. They undergo

life cycle is critical as hatching success and the rate

incomplete metamorphosis with the nymphs resembling

of egg development, in turn, affect the initial nymphal

the adults in appearance but lacking wings (Illustration

density and the start of the nymphal stage (Elliott 1987b;

1). Stonefly life histories, on the other hand (see Table

Brittain 1990). For most species, after oviposition,

6, page 31), are plastic, and vary with species and often

egg development takes approximately 65 days but in

within species. The majority of the Irish stonefly species

species such as Capnia bifrons (Newman) eggs develop

are univoltine and are present as nymphs during winter

within the adult female’s body and hatch shortly after

and spring months after hatching in autumn and early

oviposition (Khoo 1964, 1968a; Elliott 1986; Lillehammer

winter and then emerge as adults in late spring and early

et al. 1989), while other species such as D. bicaudata

summer. Exceptions do occur: for example, Leuctra fusca

and D. cephalotes can, in some circumstances, take up

(Linnaeus) is a summer species, hatching late spring

to 200 and 300 days, respectively (Khoo 1964, 1968b,

and early summer before a short nymphal development

Brittain 1983; Lillehammer et al. 1989). The wide range

period during the summer months and an adult

in development time is highly dependent on water

emergence in autumn (Smith et al. 2000). Other species

temperature. Experimental work by many authors (e.g.

such as Chloroperla tripunctata (Scopoli) are semivoltine,

Khoo 1964, 1968b, Brittain 1983; Lillehammer et al. 1989;

while some species like Diura bicaudata (Linnaeus),

Elliott 1986, 1987b, 1988a, 1988b, 19988c, 1995; Zwick

L. nigra and Nemoura cinerea Retzius can vary from

1996a, 1996b) have shown stonefly egg development

univoltine to semivoltine depending on the population

ranging over temperatures from 2°C at the low end and

and local temperature regimes (Hynes 1941; Frost 1942;

26°C on the higher end. Hatching success is high within

Brinck 1949; Khoo 1964; Brittain 1974, 1978; Lillehammer

the optimal range which generally falls between 5 and

1975; Hildrew et al. 1980; Elliott 1987a; Lillehammer et

15°C (Brittain 1990). Longer periods of development

al. 1989; Thomsen and Friberg 2002). Nemurella pictetii

usually occur at low temperatures and can result in egg

Klapálek is similar with populations varying between uni-

dormancy as in D. cephalotes and D. bicaudata (e.g. Zwick

and semivoltine cycles, although multiple generations

1996a, 1996b). In other species, such as P. bipunctata,

within the same year (plurivoltine) have also been

periods of low temperatures (< 6°C), can slow egg

reported (Hynes 1941; Brittain 1974, 1978; Hildrew et

development, possibly even extending the development

al. 1980; Elliott 1984; Lillehammer et al. 1989; Wolf and

by up to one year (Elliott 1991; Feeley et al. 2009). Such

Zwick 1989; Nesterovitch and Zwick 2003; Lieske and

behaviour can also result in the separation of nymphal

Zwick 2007, 2008). The larger stonefly in Irish waters,

cohorts when short cold periods occur during winter

such as Perla bipunctata Pictet and Dinocras cephalotes

months after warmer autumn months and results in

(Curtis) may survive as nymphs for over three years

parallel development periods for nymphs of the same

(merovoltine) (Feeley et al. 2009). This wide variability

generation. In the Perlidae, this may result in one

of recorded life cycle tactics is most-likely dependent

nymphal life cycle lasting three years and another lasting

on a variety of biotic and abiotic factors relating to local

three and a half years before both cohorts synchronise

environmental conditions (e.g. temperature), quality

to emerge as adults in early summer of their third year

and quantity of the food available, egg diapause tactics,

(Feeley et al. 2009). Alternative reproductive strategies

photoperiod and/or intraspecific competition (Brittain

are rare in stonefly, although ovoviviparity is common in

1978; Lillehammer et al. 1989; Wolf and Zwick 1989;

the Capniidae as mentioned above and parthenogenesis

Nesterovitch and Zwick 2003; Lieske and Zwick 2007,

(development of unfertilised eggs) is known to occur

2008).

within some species (Hynes 1976; Brittain 1990),
while the eggs of some species (e.g. Nemouridae and

The predominant weakness of most stonefly life-

Taeniopterygidae) appear to be withstand periods of

history studies is the lack of detailed information on

desiccation (e.g. 7 to 12 days; Khoo 1964) if ambient

the egg development and number of nymphal instars

conditions such as humidity are suitable. Specific

(Elliott 2009). The egg development stage of Irish

information on Irish species is lacking.
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Nymph size, growth and
morphological development
When nymphs hatch they range in size from

Instar development always results in growth with size

approximately 0.5 mm at their smallest (e.g. Capnia

increases between moults constant throughout nymphal

atra Morton, Leuctra inermis Kempny, L. fusca, L. nigra

development, leading to stepwise developmental change

and Nemoura avicularis Morton) to 1.2 mm (excluding

before the final adult moult (Zwick 1991; Beer-Stiller

antennae and cerci) at their largest (i.e. P. bipunctata and

and Zwick 1995). However, the growth rate between

D. cephalotes). Nymphs then undergo 11 to 23 instars

instar moults varies across the species present in

by the process of ecdysis or moulting which is the

Ireland, with Amphinemura sulcicollis (Stephens) having

casting off of the larval exoskeleton (or skin) and the

the slowest growth rates and B. risi and C. atra the

formation of a new exoskeleton (sometimes referred to

fastest (Elliott 2009). Interestingly, the size of the final

as the cuticle) between nymphal development stages

nymphal instar appears to be dependent on the size of

(Plate 1). Colouration and patterns on the exoskseletion

the first instar and the size of the egg, with evidence

can vary for the same species found at different

suggesting that larger eggs produce larger hatched

locations (Plates 2, 3 and 4). The number of instars

nymphs which then develop to produce larger nymphs

(or moults) varying depending on sex and size reached

before adult emergence (Elliott 2009). This, however,

before adult emergence, with the larger species, for

has no influence on the rate of instar development or

example the Perlidae undergoing many more instars

the number of instar moults. Ultimately, the size of

compared to the smaller species, such as the Capniidae

nymphs prior to adulthood is mainly dependent on both

and Leuctridae. Research has indicated that only one

the number of instars and the length of the nymphal

stonefly species present in Ireland, B. risi, has the same

development period (Elliott 2009).

number of nymphal instars for males and females
(Elliott 2009). For all other species the females generally

Morphological development from nymph to adult is

have more instars and reach a larger size before adult

poorly researched. This process is energy costly, with

emergence (Zwick 1991; Beer-Stiller and Zwick 1995).

nymphs losing approximately 14% of their biomass

Plate 1: A newly moulted P. bipunctata nymph

Plate 2: Colouration of P. bipunctata nymph collected in

(Photograph credit: Jan-Robert Baars).

a tributary of the River Camcor, Co. Offaly (Photograph
credit: Jan-Robert Baars).

Plate 3: Colouration of P. bipunctata nymph collected in

Plate 4: Colouration of P. bipunctata nymph collected

the River Funshion, Co. Cork (Photograph credit: Jan-

in the River Slaney, Co. Wicklow (Photograph credit:

Robert Baars).

Jan-Robert Baars).

9

Plate 5: Under developed wing pads in D. bicaudata

(b) Plate 6: Developed wing pads in D. bicaudata

nymph (Photograph credit: Jan-Robert Baars).

nymph (Photograph credit: Jan-Robert Baars).

(measured as ash free dry mass) between instar

nymphal size and full wing development (see Plates

moults; males generally losing more than females

5 and 6), up to three or four months before adult

(Beer-Stiller and Zwick 1995). At the latter stages of the

emergence (Frutiger 1987). Interestingly, research has

nymphal cycle females tend to be heavier than males

shown that the development of wings is completed

often reflecting the higher number of instar moults

in three moults and appears constant throughout the

and associated larger size achieved (Elliott 2009). For

Plecoptera (Zwick 1991; Beer-Stiller and Zwick 1995).

example, females from species within the Leuctridae

This process is also an effective means of determining

and Nemouridae families have been shown to be

instar progression (Zwick 1991). Other characteristics

31% heavier on average than their conspecific males

such as male reproductive characters also develop on the

(Beer-Stiller and Zwick 1995). The development of

paraprocts during the final few instars, although this is

wings also occurs late in their nymphal development of

less reliable than wing pad development in determining

Leuctridae and Nemouridae species and is associated

the progression of nymph development and life stage

with environmental cues, some of which still remain

(Zwick 1991). Similarly, size is also a poor determinant

unknown but likely related to temperature (Zwick

because of differences in sizes and instar numbers

1991). In contrast, the larger species, such as Dinocras

of males and females (Zwick 1991). Even though this

and Perla, moult to their last instar, reaching their final

information is vital in our understanding of stonefly

Plate 7: A dry nymph of B. risi on rock adjacent to river

Plate 8: Exuviae of P. bipunctata on rocks adjacent to

immediately prior to moulting and adult emergence

a river after adult emergence (Photograph credit: Jan-

(Photograph credit: Jan-Robert Baars).

Robert Baars).

Plate 9: Exuviae of P. bipunctata on vegetation adjacent

Plate 10: The size difference in exuviae of the larger D.

to a river after adult emergence (Photograph credit:

bicaudata and smaller L. hippopus on a stone surface adjacent

Jan-Robert Baars).

to a stream (Photograph credit: Jan-Robert Baars).

growth and development most of the studies occur
10

in laboratory systems with constant temperature and
controlled environments. It is, therefore, highly likely that
the number of instars, growth rates and morphological
development are variable in natural systems owing to
the large variations in stream temperatures and other
environmental conditions (Fink 1984). Some evidence
suggests that adult female stonefly are often smaller
and less fecund when water temperatures during

Plate 11: Brachypterous male adult P. bipunctata amongst

the nymphal phase are above or below the optimum

rocky substrate adjacent to the Upper River Liffey, Co.

range, as seen in Norwegian Leuctra hippopus Kempny

Wicklow (Photograph credit: Jan-Robert Baars).

populations (Lillehammer 1986).

Plate 12: Micropterous male adult of C. bifrons from

Plate 13: Macropterous female adult P. bipunctata

Croatia which is similar to Irish male populations, as noted

amongst wet bankside substrate adjacent to the Upper

by Costello (1988b), note also the fully developed penis

River Liffey, Co. Wicklow (Photograph credit: Jan-Robert

between its cerci (Photograph credit: Gellért Puskás).

Baars).

Adult emergence, size, development & feeding
While the nymphal period of the life cycle is the longest

stems of riparian vegetation, bridges, posts and other fixed

stage lasting from months to years, adults rarely live

substrates close to the water edge (Plates 8, 9 and 10, page

for more than a couple of days to months at the most.

9) (e.g. Feeley et al. 2009). Male stonefly can be slightly

Local emergence patterns will depend on average water

protandrous, tending to emerge a few days earlier than

temperatures (e.g. Ravizza and Fochetti 1999) and tend

females (Frison 1935; Hynes 1977; Moreira and Peckarsky

to occur at dusk, dawn and during the night (Frison 1935;

1994). This was noted for P. bipunctata in the upper River

Elliott and Minshall 1968). However, records of adult

Liffey (H.B. Feeley and J-R. Baars unpublished data). Adults

emergence have been noted during day light hours at high

tend to be slightly smaller in size compared to their last

altitude (> 250 m) (Elliott and Minshall 1968) and by the

instar, but depending on the species range from 4 to 24 mm

authors (Plate 7, page 9). Generally nymphal exuviae can be

in length (Plates 14, 15 and 16).

found on emergent rocks, as well as steep riverbanks, the

Plate 14: Relative size of large macropterous adult

Plate 15: A very small macropterous L. fusca on vegetation

D. cephalotes to a man’s finger (Photograph credit:

adjacent to a river (Photograph credit: Jan-Robert Baars).

Jan-Robert Baars).

in Ireland as the main benefit of flight appears to be
the dispersal of mated females (e.g. Costello 1988b).
Furthermore, the physical trade-offs associated with wing
polymorphism and wing muscle underdevelopment may
allow individuals increased sexual activity, cold temperature
adaption, faster maturation of the gonads, and, or general
viability and longevity in adulthood (Brinck 1949; Costello
1988b).
Plate 16: Macropterous adult P. meyeri on a flower
adjacent to a river (Photograph credit: Jan-Robert Baars).

As mentioned above, due to the higher number of nymphal
instars adult females tend to be larger than the conspecific

Adult individuals can appear longer than nymphs owing

males. Interestingly, however, adults are often of a similar

to the fact their wings lie flat over their abdomen when

weight owing to the fact that adult females may initially

at rest, often extending over the posterior end (known

retain an empty area within the abdomen that they utilise for

as macroptery) (e.g. Plates 13, 14, 15 and 16). Exceptions

adult terrestrial biomass gains immediately after transition

do occur, however, and polymorphism in the wing length

from nymph to adult (Beer-Stiller and Zwick 1995).

in many stonefly species is common. For example,

Generally, the final size achieved by stonefly adults depends

brachyptery, or shortened wings, are found in the adults

on the available food, inter- and intraspecific competition,

of C. atra at altitude and has been suggested to be an

feeding rates and local air temperatures, which ultimately

advantageous trait in the wind swept high altitude regions

determine the reproductive capacity of individuals (Zwick,

where it can be found (Brinck 1949; O’Connor 1978;

1992). Adult feeding is also important. With the exception

Lillehammer 1985a). In contrast, adults of the same species

of D. cephalotes and P. bipunctata all Irish stonefly are

found on Lough Corrib, Co. Galway (at low altitude: 15

known to feed as adults. Diets are usually a combination of

m) are macropterous (Costello 1988b). Interestingly,

palynivorous, herbivorous and detritivorous feeding tactics,

evidence suggests that Irish (and likely British) P. bipunctata

availing of food groups such as pollen, fungi, lichens, organic

adult males differ to European continental populations

matter and algae (e.g. Leuctridae and Nemouridae) (e.g.

by being uniformly brachypterous (see Plate 11) (Hynes

see Table 6, page 31 and Plate 16). Some species can at

1977; Costello et al. 1984; Costello 1988b). Severe

times be omnivorous (e.g. S. torrentium) (Khoo 1964; Hynes

underdevelopment of wings or microptery (Plate 12) has

1977; Zwick 1990; Tierno de Figueroa and Sánchez-Ortega

also been noted in Irish male C. bifrons and D. bicaudata

2000; López-Rodríguez et al. 2007) and even predacious

populations (Costello 1988b) which would suggest that

(C. tripunctata) (Rotheray and Liston 1985). The gain in

affected individuals have lost the ability to fly. Across

biomass during the terrestrial adult phase may contribute

Britain and Europe other species, such as L. nigra and

a substantial proportion of mature adult biomass (Zwick

Siphonoperla torrentium (Pictet) can be brachypterous and

1990), and may in fact extend the lifespan of individuals

micropterous under certain environmental conditions such

(Rupprecht 1990). Similarly, the loss of biomass after egg

as prolonged acidic conditions, at altitude (due to lower

deposition can be drastic with the final weight achieved by

temperatures) and as a result of other pressures (e.g. food

fully mature females dropping by approximately 30% in

availability) which may be a consequence of a trade-off

spent females (Beer-Stiller and Zwick 1995). Interestingly,

between dispersal potential and fecundity (Malmqvist

nemourid males may also gain considerable weight during

2000; Thomsen and Friberg 2002; Tixier et al. 2012).

the adult phase, despite the fact that their reproductive

Such trade-offs may explain the occurrence of

organs are always well developed in the last nymphal instar

micropterism only in males of certain species, and of male

(Zwick 1990) and likely helps increase their longevity and

brachyptery in perlids (i.e. P. bipunctata and D. cephalotes)

reproductive success.
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Adult activity,
drumming & sexual
reproduction
Adult stonefly are mostly nocturnal but species within
the Leuctridae and Chloroperlidae are often active during

Plate 17: Mating pair of macropterous P. meyeri adults

the day. Nevertheless, all species can be found under

on vegetation adjacent to a river. Note the smaller size

bankside cobbles and stones (see Plates 11 and 13, page

of the male P. meyeri relative to its conspecific female

10), amongst vegetation (e.g. Plate 10, page 9 and Plate

(Photograph credit: Jan-Robert Baars).

11, page 10) and crevices in tree bark and root during
daylight hours (e.g. O’Connor and Costello 1997). The
majority of adults remain close to the stream (Petersen
et al. 1999) although, dispersal distances can range from
metres to kilometres (e.g. Ulfstrand 1968; Zwick 1990;
Petersen et al. 1999). It has been suggested that the
distance travelled by females may relate to the stage of
their maturity, with older individuals travelling further
(Zwick 1990; Petersen et al. 1999). Nevertheless, adults
tend not to be strong flyers and tend to follow straight

Plate 18: A mating ball of Dinocras cephalotes. The female

lines which often appears aimless (Pryce et al. 2007).

can be seen in the centre of the ball, distinguishable by

Adults encounter each other at a variety of locations

its macropterous wings (Photograph credit: José Manuel

which vary depending on the species and range from

Tierno de Figueroa).

rocks, stones, trees, small plants, flowers, and leaf packs
(e.g. some Nemouridae) to mosses (e.g. Leuctridae), (e.g.
Plates 17 and 18) and tree tops (e.g. some Chloroperlidae)
and man-made structures like bridges, fence posts and
walls (e.g. some Perlodidae) (Stewart 1994). Many
species aggregate in areas with localised cover thought
to be associated with predator avoidance and increased
reproductive success (Stewart 1994). During the peak
of the emergence period adult stoneflies can be found
aggregated in high density (Feeley et al. 2009). The

Plate 19: Macropterous L. inermis adult with an egg

aggregation in debris and/or around plants may provide

mass below the base of the abdomen (Photograph

resonant substrates for efficient communication between

credit: Jan-Robert Baars).

sexes, known as drumming (discussed below) in addition
to hiding and escape cover (Stewart 1994). Local weather
patterns may also affect emergence patterns and adult
aggregation. In Wales, Briers et al. (2003) discovered
that air temperature is the primary factor influencing
the flight dispersal of adult stonefly, with higher
temperatures resulting in greater flight activity. However,
other factors such as altitude, site exposure and wind can
play an important role, with high wind speeds associated
with lower flight activity (Briers et al. 2003), and

Plate 20: A clutch of several hundred P. bipunctata eggs

brachyptery reducing or inhibiting flight activity.

on a white surface collected from the Upper River Liffey,
Co. Wicklow (Photograph credit: Jan-Robert Baars).

Sexual reproductive activity begins as individual males

simultaneously attempt copulation with a single female

and females locate each other using a behaviour known

moving around her, thus forming a ball (e.g. D. cephalotes

as ‘drumming’. This behaviour involves the production

- Plate 18) (Tierno de Figueroa et al. 2006). After mating

of percussion like vibrations by rubbing or striking the

the males drum with greater vigour, which is thought to

distal, ventral section of the abdomen on the underlying

be related to the cryptic behaviour in female selection

substrate (e.g. Stewart and Zeigler 1984; Tierno de

(i.e. females may prefer males that other females have

Figueroa and Fochetti 2001; Stewart and Sandberg

allowed to mate) (Brinck 1949; Tierno de Figueroa et

2006). Both drumming sound frequency and patterns

al. 2000). Females, once mated, generally (but not

of sound frequencies are known to vary depending on

exclusively) produce an egg mass which is held below

species and sex (Hynes 1976; Tierno de Figueroa et al.

the base of the abdomen or along the dorsal surface of

2002). For example, differences in female and male

the abdomen (Percival and Whitehead 1928). Zwick,

drumming calls have been reported in the Perlodidae,

(1990) suggested that the way the egg mass is held may

with female drumming tending to be more simplistic

distinguish the stonefly Family (Plate 19). Many species

(Tierno de Figueroa et al. 2002). Populations of the

(e.g. L. nigra) lay their batches at dusk (Zwick 1990),

same species may even have variations in different

but some do so during daylight, and usually during calm

locations as Rupprecht (1972) interestingly discovered

weather conditions (Percival and Whitehead 1928).

a difference in the drumming ‘dialect’ of two different

Depending on the species, females tend to fly over the

European populations of D. bicaudata that occurred 2000

surface with the eggs detaching mid-air or by ‘skimming’

km apart. Similarly, Rupprecht (1982; 1997) identified

the surface (e.g. Leuctridae; Chloroperlidae) resulting in

five different types of mating signals within different

the egg mass breaking up and the eggs falling separately

European populations of C. bifrons (although this now

over a period of several seconds (Percival and Whitehead

likely reflects the variation of species now known to fall

1928). Other species (e.g. P. bipunctata) tend to run

within this species complex – see Bourmans and Murányi

across the water surface while the egg mass breaks

(2014) and Murányi et al. (2014)). Other studies such

up and eggs fall separately (Percival and Whitehead

as Tierno de Figueroa and Fochetti (2001) discovered

1928). Most stonefly species found in Ireland generally

that male D. cephalotes had a high variation of drumming

lay between one and four batches (although as many as

signals within the same population despite the simplicity

eight to 15 have been reported in the literature) of eggs

of the sounds produced. Generally, once emerged males

ranging from as little as 17 eggs (e.g. Chloroperlidae) to

only begin to drum when they are ready to mate and only

the low hundreds (e.g. Leuctridae) to thousands (e.g.

unmated females reply. Once contact is made the males

Protonemura sp.) in total per female (Elliott 1987b, 1988a,

drum again, and the process is repeated until the male

1988b, 1988c; Zwick 1996a, 1996b) (see Plates 19 and

and female meet and mate (Hynes 1976) (see Plate 17).

20). Females unable to lay all eggs in a single batch

The female may then vibrate her abdomen to repulse a

may produce several successively smaller egg masses

new mating attempt (Tierno de Figueroa et al. 2000).

within a short time, ranging from a single day to days

Generally, already mated females remain silent and often

(e.g. Nemouridae) and weeks (e.g. Leuctridae), after

refuse to mate again (Hynes 1976). However, perlodid

which females are spent and die (Khoo 1964; Beer-Stiller

females have been known to re-mate prior to oviposition,

and Zwick 1995). Interestingly, females appear to be

and may even re-mate after laying the first clutch of eggs

attracted to shiny surfaces, both natural and man-made.

(Tierno de Figueroa et al. 2000).

For example, several authors have noted individuals
ovipositing in large numbers on the asphalt pavement

Before mating occurs it is not unusual for females to

of streets, onto solar panels, polished cars, large bands of

become surrounded by waiting males (e.g. D. bicaudata

shining aluminium foil and even black gravestones (Zwick

and D. cephalotes) (Brinck 1949). In more extreme

1990; Horváth and Krisha 2008; Horváth et al. 2010).

cases, mating balls may occur when some males
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Stonefly and ecosystem function
Stonefly nymphs are vital for effective ecosystem

utilising the available food resources. In contrast, many

function and the provision of ecosystem services, with

of the predacious stonefly start off as herbivores or

nymphs playing a vital role in many processes such as

supplement their diet with vegetative materials (e.g.

decomposition, energy transfer and fish production. The

P. bipunctata) in their early instars before becoming

stoneflies that shred plant material (e.g. Nemouridae

predators (e.g. Anderson and Cummins 1979; Lucy et

and Leuctridae) play an essential role in the breakdown

al. 1990), but some, such as Isoperla grammatica (Poda),

of allochthonous material entering lotic waterways,

may have a diet that varies between both feeding types

especially upland and headwaters streams, provisioning

throughout their nymphal development (Malmqvist et

the transfer of nutrients and energy to downstream

al. 1991). Generally, the role of predacious stonefly (e.g.

reaches. Generally, stonefly are quite plastic in their diet

Chloroperlidae, Perlidae and Perlodidae) facilitate top-

and thus, play a diverse role in the trophic dynamics

down effects on their prey through direct consumption

within the ecosystem (see Table 6, page 31). For

and reduction of prey populations (Wallace and Webster

example, Feeley and Kelly-Quinn (2015) discovered that

1996), reducing the rate of leaf-litter processing by

the diet of P. meyeri nymphs varied across headwaters in

reducing shredder populations in leaf packs (Malmqvist

the Wicklow Mountains feeding mainly on biofilm and

1993). Cannibalism by perlid stoneflies is also common

detritus, but also algae, fungal material and diatoms.

(Lillehammer 1985b) (Plate 21). Stonefly, as both nymphs

Similarly, research in Britain has highlighted how the

and adults, are also a key source of food for salmonid

nemourid species, N. pictetii, considered a shredding

populations, often being a significant proportion of their

species, consumes algae in acidified rivers due to the

diets (e.g. Kelly-Quinn and Bracken 1990), especially

lack of competition from mayfly (Ledger and Hildrew

in lakes and small streams and rivers where other food

2000a, 2000b, 2001), expanding its niche and

sources may be limited.

Stonefly behaviour and interspecific
competition
The Plecoptera can be model species for experimental

behaviours and prey selection (Sjöström 1985a; Tikkanen

work and are often used to investigate aquatic

et al. 1997), territorial behaviours and size interactions

invertebrate behaviours. For example, Chloroperlidae,

(e.g. Sjöström 1985b), predator-prey interactions (e.g.

Perlidae and Perlodidae nymphs have been used

Williams 1987), antipredatory tactics (Otto and Sjöström

extensively to examine many behaviours, such as diel

1983), habitat complexity on the foraging success and

activity and feeding activity (Elliott 2000; 2003a; 2004),

growth development (Williams et al. 1993), and low

interspecific competition (Elliott 2003b), hunting

oxygen ‘push up’ responses and respiratory efficiency

Plate 21: Cannibalism in P. bipunctata nymphs

Plate 22: Underwater L. fusca nymph streamline or flush

(Photograph credit: Jan-Robert Baars).

against a rock with the cerci gently sloped downwards
thought to be a defence mechanism against fish
predation (Photograph credit: Jan-Robert Baars).

(Knight and Gaufin 1966; Benedetto 1970; Genkai-

2003b). For example, some stonefly, such as D.

Kato et al. 2000). The range of behaviours known in

cephalotes and P. bipunctata try to avoid aggressive

stonefly species attests to their abilities to survive,

encounters whenever possible but at the same time can

forage and adapt to their ever changing habitat. For

be very territorial (Sjöström 1985b; Elliott, 2000, 2003a).

example, antipredatory behaviour of species, such as D.

Nevertheless, other species such as I. grammatica can

cephalotes, as well as members of the Taeniopterygidae

aggregate in high densities, especially at night while

and Leutridae as highlighted in Plate 22, have shown

feeding (Elliott 2003b). Other interspecific competition

how individuals use their cerci as a defence mechanism

may limit the occurrence of certain species. For example,

when predated upon by trout (Otto and Sjöström 1983).

lotic populations of D. bicaudata are typically limited to

This they achieve by increasing their apparent size and

high altitude streams (>200 m) in Sweden, Great Britain

attaching themselves to stones with the cerci gently

and Ireland (see Plate 24c, page 21), but on the Isle of

sloped towards the stone, making the nymph hard to

Man they are found at sea-level. Similarly, this species

grasp (Otto and Sjöström 1983) (see Plate 22).

occurs in high densities in many low altitude lakes in
Ireland, indicating that altitude is not a primary factor in

Many of the ingested D. cephalotes were also ejected,

its occurrence. Hynes (1952, 1976) hypothesised that the

leading Otto and Sjöström (1983) to hypothesise that

absence of D. bicaudata from low altitude rivers was likely

the spines along the cerci act as an effective defence

a result of competition avoidance with Perlodes species.

mechanism when attacked from behind. On the other

However the absence of Perlodes in Irish freshwaters

hand, because many of the stonefly predators co-occur,

would dispute this theory. Nevertheless, competition

both intraspecific and interspecific interactions likely

from I. grammatica could explain the absence of D.

affect feeding efficiency and hunting success (Elliott

bicaudata from lotic habitats at lower altitudes but this
theory needs to be tested.

Stonefly zoogeography, phylogeny
and genetics
The zoogeography and phylogeny of stonefly have

phylogenetics, there is little agreement regarding the

been examined by several authors (e.g. Illies 1964;

placement of Plecoptera within this grouping of Insecta

Zwick 2000, 2009; Weiss et al. 2012). These studies

(e.g. Zwick 2009).

have attempted to classify, identify relationships with
other insect groups and understand their evolution. For

Other studies have used genetics to investigate stonefly

example, current day phylogenetic relationships and

wing structures and flight (e.g. Thomas et al. 2000),

global distribution patterns suggest that the evolution

while species genomic studies, such as Elbrecht et

of the extant suborders found worldwide today started

al. (2013) who described the mitochondrial genome

with the breakup of Pangaea approximately 100 million

of D. cephalotes, are becoming ever more common.

years ago (Zwick 2000). As a result, stonefly are found

Increasingly genetic techniques are being used to

on all continents apart from Antarctica (Zwick 2000;

address questions regarding aquatic invertebrates,

Fochetti and Tierno de Figuero 2008), although a higher

especially in terms of dispersal, gene flow, life history

number of families and genera have been recorded in

tactics and the occurrence of cryptic species (e.g.

the northern hemisphere compared to the southern

Schultheis et al. 2002a, 2002b; Williams et al. 2006;

hemisphere (McCulloch 2010). Morphologically, the

Bourmans and Murányi 2014). In North America,

Plecoptera have traditionally been placed within the

Schultheis et al. (2002a) discovered that stonefly have

large and diverse Polyneoptera cohort, a hemimeta-

high levels of gene flow counteracting the effects of

bolous (i.e. egg, nymph and winged adult (imago) life

genetic drift and selection pressures (i.e. evolution of

stages – Illustration 1, page 6) insect order (Terry and

new species/subspecies), which may result from egg

Whiting 2005; McCulloch 2010). Nevertheless, despite

diapause and cohort splitting at the nymphal stage.

recent attempts to clarify their placement within this

Other molecular work is highlighting new genera and

group, using both morphological features and molecular

species complexes which were formerly considered
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a single species (e.g. Bourmans and Murányi 2014;

identification (e.g. separation of Protonemura praecox

Murányi et al. 2014). No genetic work on stonefly has

(Morton) and P. meyeri nymphs or indication of cryptic

been published in Ireland to date, and Irish populations

or sub-species), ecological distributions, and genetic

are rarely included in European studies so consequently

resilience of our stonefly are essential to interpreting any

information is lacking. However, such techniques

changes to our freshwaters.

may become important in the future as the correct

Stonefly as bioindicators
Stonefly are also important as they are an essential

Kelly-Quinn 2014). Other international studies (e.g.

bioindicator group in freshwaters worldwide due to their

Beasley and Knerale 2003) have indicated heavy metal

sensitivity to habitat degradation and organic pollution

tolerance (zinc, nickel, lead, iron, copper chromium and

and normally score the highest values for good ecological

cadmium) in the Chloroperlidae, while other families,

and environmental quality. In Ireland, stonefly are a

such as the Leuctridae, are sensitive to all but chromium

key water quality indicator group in the Environmental

and cadmium. Additionally, the increasing threats to

Protection Agency’s Q-value and small stream risk score

freshwaters, arising from sewage, agriculture, industry,

(SSRS) monitoring programs (McGarrigle et al. 2002;

habitat fragmentation and channel modification, to name

Walsh 2005), with a low or absence of stonefly families

but a few, has increased the vulnerability of almost all

indicative of organic pollution. In contrast, a dominance

stonefly species throughout Europe, with many species

of certain stonefly species such as A. sulcicollis, L.

threatened with extinction (Fochetti and Tierno de

hippopus, L. inermis and P. meyeri and an absence or a low

Figueroa 2006). Despite this, inadequate and insufficient

abundance of mayfly (Ephemeroptera) is indicative of

nymphal taxonomy and an incomplete understanding

acidification, which can be common in low order streams

of species trait characteristics and ecology are major

and rivers in base-poor regions of Ireland (e.g. Tierney et

disadvantages in understanding environmental change

al. 1998; Feeley et al. 2011, 2013; Feeley and

and evaluating ecological status (Graf et al. 2009).

Stonefly distributions in Ireland
By the turn of the twentieth century, King and Halbert

Today we know that the distribution of most stonefly

(1910) had recorded at least 17 of the extant stonefly

species present in Ireland is widespread, with a few

now known to occur in Irish waters. Despite many

exceptions which we will discuss further below.

nomenclature changes during the twentieth century, their
only exclusions were N. avicularis and interestingly L. nigra

Generally, stonefly are found in fast flowing streams

which they removed from the Irish list after an earlier

and rivers, or in small shallow lakes with stony shores

mistaken inclusion. As mentioned above King and Halbert

throughout the country (see Plate 24, page 21 for

(1910) were also the first to record P. microcephalus sensu

examples). Costello et al. (1984) indicated that the

lato in the River Deenagh in Co. Kerry and at a site near

diversity of stonefly increased with increasing slope and

Castlebellingham in Co. Louth. Nevertheless, despite the

decreasing alkalinity. Similar findings were highlighted by

authors comments that this species was likely widespread

Baars and Kelly-Quinn (2006) and current distributions

in Ireland, ongoing recording throughout the twentieth

reflect upland and mountainous areas throughout the

century confirmed the opposite, with no published

island, although not exclusively. Surveys of invertebrate

records of Perlodes since that survey, and as mentioned

communities in upland lakes and streams (including

above, it is now likely extinct in Irish waters. The lack

seepages, see Plate 24c, page 21) in Ireland have shown

of further recording in the early nineteenth century

that Plecoptera can make up between 3 and 38% of the

makes it impossible to determine when populations of P.

total abundances of these systems (Baars et al. 2005;

microcephalus sensu lato disappeared.

Callanan et al. 2014); although this does dramatically
reduce in summer due to life history dynamics
(see Life history section for more details).

Records of stonefly elsewhere in Irish waters are rare,

In contrast, the records for P. praecox are no later than the

although Monahan and Caffrey (1996) did report finding

early 1990s. Such records need to be reconfirmed in order

Nemouridae in Irish canals, a habitat often not considered

to establish the health and status of such rare populations.

associated with Irish stonefly.

Furthermore, it is likely that smaller water bodies that are
difficult to access, for example, overgrown by riparian

Ireland has retained two species, C. atra and D. bicaudata,

plants, can be ideal habitats for some under-recorded

which have a circum-polar distribution across Europe

species (e.g. Nemouridae). These smaller, overgrown

and are likely to be glacial relicts (Brinck 1949; O’Connor

water bodies can be subject to different temperature

1978; Brittain 1983; Lillehammer 1988a, 1988b; Khoo

regimes leading to distinctly different emergence

1968b; Costello 1988a) and are mostly limited to high

patterns that may not coincide with populations further

altitude streams and large lakes where temperatures

downstream leading to their isolation. Knowing when and

are more favourable. Some species in Ireland also show

where species are present in our waters is important but

some ecological plasticity and their lotic and lentic

note that the absence of a species may be a reflection of

distributions which can be quite different. For example,

their life history pattern rather than their distribution or

D. bicaudata can occur in lakes at altitudes of < 100 m but

ecological characteristics.

are normally only found above 200 m in riverine systems
(see Plates 24c and g, page 21). This likely relates to their

This atlas provides distribution information on a 10 km

aforementioned sub-arctic distribution and temperature

scale (e.g. Map 1, page22). However, the number of

dependence but may also be related to other factors

records for each county is shown in Table 1 (page 26)

such as competition (see species information for more

and includes the number of species known to occur. For

details). In general, most species found in Ireland have

example, only Co. Mayo has had all 19 extant species

similar distributions to their Britain and the European

recorded previously, although the record for P. praecox

counterparts. However, a few minor exceptions do seem

is uncertain. Counties Donegal, Kerry and Galway have

to occur. One example is the occurrence and distribution

18 species recorded (Table 1). Counties Clare, Cork

of Perlidae in Ireland (Feeley et al. 2009). Perla

and Sligo have 17 species, while the remainder have 16

bipunctata, although found throughout Europe (and parts

or less. Monaghan, Armagh and Westmeath have the

of North Africa), is relatively limited in its distribution in

lowest number of recordings and species (Table 1). In

comparison to other Perlidae (e.g. Elliott 1991; Tierno de

total, over 10,500 records ranging from the late 1800s

Figueroa et al. 2005; Fochetti and Tierno de Figueroa

to 2012 have been compiled (Table 2, page 27 and Table

2006). Similarly, both perlid species found in Britain, D.

3, page 28). These data (1,062 records) may include

cephalotes and P. bipunctata, have both been shown to

both adult and nymph records and have been derived

have a widespread and often overlapping occurrence

from a number of published sources listed in Table 2

(e.g. Hynes 1977). Nevertheless, in Ireland D. cephalotes

where both species records and site location details

has a very restricted distribution and is relatively rare

are available. The majority of records (>9,000) are

compared to the widespread and common occurrence of

based on nymphs only and come from national research

P. bipunctata (see species distribution Maps 16, page 60

projects and surveys, and postgraduate research

and 17, page 62).

theses (Table 3) covering lakes, streams and rivers
throughout the country collated by the authors. Finally,

The maps presented in this publication only show the

521 records of D. cephalotes and P. bipunctata provided

records held by the authors and those available in the

by the Environmental Protection Agency to the National

literature. As a result, many species may in fact occur

Biodiversity Data Centre are also included.

in other areas of the island not currently indicated.
For example, the records of L. nigra presented in this

The majority of records used in this study are from

study highlight that although this species is restricted

the period 2001 to 2010 and reflects the number of

where found, its distribution is not as limited as once

research projects and postgraduate theses carried

thought and is now known to be present in many areas

out in freshwater ecology in University College Dublin

of the island (e.g. now recorded in 17 counties; Figure 2,

during that period (Figure 5, page 25 and Table 3, page

page 24).

28). As expected, the number of records pre 1980 are
relatively low in comparison likely reflecting the lower
number of individuals actively involved in research and
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species surveys (Figure 5). The highest numbers of

and rarity of these species. Protonemura praecox was

records come from County Wicklow (Figure 3, page 24).

the only species whose status the authors were unable

This mountainous county’s clean waters and proximity

to confirm in surveys carried out as recent as spring

to Dublin city and University College Dublin are a large

2015. Interestingly, only two species, L. inermis and P.

contributing factor here. Counties on the south and west

meyeri have been found in every county to date (Figure

coast have relatively high numbers of records compared

2, page 24). Isoperla grammatica and B. risi have been

to those of the south east, the midlands, the border

found in 31 counties, while A. sulcicollis, S. torrentium

region and the counties within Northern Ireland (Figure

(both 30 counties, respectively), N. cinerea (29 counties),

3, page 24).

L hippopus (29 counties) and L. fusca (29 counties)
are also widely distributed (Figure 2; also see species

Siphonoperla torrentium (1506 records) is the most

maps). Overall, the distribution data available highlights

common species in our records, followed closely by L.

a common theme with freshwater macroinvertebrates

inermis, I. grammatica, A. sulcicollis and P. meyeri all with

across Ireland, which indicates that local areas will never

greater than 1000 records (Figure 4, page 25). Four

host the entire compliment of species, underpinning the

species have less than 100 records: N. avicularis, C.

need for widespread conservation policies (e.g. Feeley

bifrons, C. atra and P. praecox (Figure 4). The low

and Kelly-Quinn 2012) (Figure 2).

number of records highlights the restrictive distribution

Knowledge gaps on stonefly in Irish waters
Numerous knowledge gaps exist for the autecology of

Consequently, future research is essential in order to

Irish populations of stonefly (Table 4, page 29). Much

disentangle subtle and perhaps large changes in life

of the life history information used in this publication

cycle strategies which may in fact vary from other

comes from British and European sources and although

geographical regions of western and northern Europe.

many species (e.g. I. grammatica, L. inermis, S. torrentium:
Smith et al. 2000 and P. bipunctata: Feeley et al. 2009)

In terms of feeding strategies the only comprehensive

have published life histories for Irish populations, most

published studies on Irish nymph diets are Lucy et

of this information is for the nymph or nymphal stage.

al. (1990), which investigated the diet of the perlid

Information on egg development, adult emergence

predators D. cephalotes and P. bipunctata and showed the

and survival are lacking. Information on other cryptic

importance of biofilm in early instar stages, and Feeley

behaviours, such as drumming, have yet to be explored.

and Kelly-Quinn (2015) which highlighted the dietary

Observations by the authors suggest male P. bipunctata

plasticity of P. meyeri nymphs. Such studies in Ireland

adults from the upper River Liffey (Ballyward, Co.

are important, adding to the knowledge base in Europe.

Wicklow) have a uniform nine or 10 beats per signal

This information also continues to highlight the large

(or ‘drum’), while D. cephalotes males from a tributary

variation in stonefly diets, which vary depending on

of the Aherlow (Galtymore, Co. Tipperary) seems to

hydrochemical conditions and available food resources.

have a much simpler irregular beat signal (Figure 1).

Furthermore, the known plasticity of many stonefly may

Similarly, studies on other aspects of morphology, sexual

shape the community composition and structure of our

reproduction and dispersion are also deficient in Ireland;

freshwaters. For example, the ecological recovery of

the only exception being Costello’s (1988b) examination

formerly acidic lakes and rivers now recovering from high

of polymorphism in wing length in Irish stonefly

sulphate deposition, which occurred during the 1970s,

populations.

‘80s and ‘90s (Kelly-Quinn et al. 1996; Aherne et al.
2000; Burton and Aherne 2013; Feeley et al. 2013), may

While using British and European information can

be delayed or impaired. In many of these systems mayfly

be informative, it is clear that from the literature that

have been lost or significantly reduced due to their acid

substantial regional variation occurs across many

sensitivity (e.g. Tierney et al. 1998; Feeley et al. 2011).

aspects of stonefly autecologies. Additionally, the ever

Acid-tolerant stonefly, such as the Nemouridae, utilise

changing effects of climate change will likely alter many

the available resources in the absence of mayfly.

of our stoneflies life histories and associated behaviours.

When these systems recover chemically, the acid-

Traditional taxonomy and systematics are poor at

sensitive taxa are excluded from recolonising their

highlighting suspected or even unknown cryptic species

former niche by the generalist feeding acid-tolerant

within aquatic insects, especially during the immature

stonefly (Ledger and Hildrew 2005). While the long-term

nymphal stage (Williams et al. 2006). Interestingly,

persistence and effects of competitive exclusion are

recent phylogenetic research has indicated that C. bifrons

still debatable, it highlights the importance of ecological

is actually a species complex rather than a single species

information in our understanding of species traits and

(see Bourmans and Murányi (2014) or ‘other notes’

functional niches. Furthermore, this information is vital

section on C. bifrons for more information (page 35)).

for our understanding of ecosystem service provision and
ecological function in Irish waters.
0.00

There is currently no published information on the

-20

diet of adult stonefly in Ireland. However, a recent PhD

-40

investigation by McConigley (2015) at UCD highlighted

0.10
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0
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that Irish L. inermis adults preferred willow (Salix caprea
(Linnaeus)) and birch (Betula pendula (Roth)) pollen over
non-native commercially planted spruce (Picea sitchensis
(Bongard)) pollen when given a choice. Information

0
-20
-30
-40
-60

on all other species provided in this document comes
from British and European sources. This international

Figure 1: Example of the drumming calls of Irish male

research has highlighted the importance of adult feeding

adult Perlidae: (top) P. bipunctata and (bottom) D.

for the production of mature fertilised eggs in females

cephalotes. X-axis in milliseconds (Source: H.B. Feeley

(e.g. Brinck 1949) and even reproductive success in the

& J-R. Baars unpublished data).

Nemouridae and the Leuctridae families (e.g. Beer-Stiller
and Zwick 1995). Therefore, information on Irish adult

Such findings, if widespread in stonefly, may have huge

diets is important for the management of our catchments

implications in the ecology, life history tactics, dispersal

and their riparian areas. This can facilitate decisions

abilities, food preferences, physiology and bioindicator

relating to selection of trees for planting in aquatic

categorisation of what may be several species instead

buffer zones within commercial forests in Ireland, as

of one, leading to misleading interpretation and

McConigley (2015) has highlighted. Moreover, general

understanding of our freshwater systems (Williams et

adult diet information is essential to inform sustainable

al. 2006). Similarly, genetics is a useful and important

catchment management practices across all land-use

tool in distinguishing between morphologically similar

types and in supporting the maintenance of riparian floral

species, which may be misidentified especially at the

diversity. Negligence in this area may result in reductions

nymphal stage (e.g. Engblom et al. 1993). For example,

in fecundity and productivity of stonefly species,

this could be used to successfully separate P. meyeri

especially within poorly managed catchments, which may

and P. praecox nymphs (and perhaps even Protonemura

have long term consequences for ecological adaptability,

montana Kimmins known to occur in the UK) which

and even species persistence and resilience.

are difficult to separate taxonomically and due to the
rarity and uncertain presence of the latter, are likely

Genetic work on Irish stonefly must also be considered.

overlooked. Other techniques such as stable isotopes

Such techniques have previously been used to investigate

(e.g. carbon 13C/14C and nitrogen 15N/14N ratios) should

the molecular diversity of aquatic species (e.g. Wilcock

also be considered, especially in feeding strategies and

et al. 2007). Understanding the genetic diversity of a

migration and adult distribution studies (e.g. Briers et al.

species is important in determining its overall biodiversity

2004; Macneale et al. 2005).

and ecological resilience. Genetics can also be used
to discover the occurrence of cryptic unrecognisable
species. For example, Williams et al. (2006) discovered
several cryptic species within Baetis rhodani (Baetidae:
Ephemeroptera) throughout Europe. This is likely a
common occurrence in aquatic insects, including stonefly.
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Future research on the ecology and distribution of
20

stonefly in Ireland is ripe for the picking. However, many
studies on macroinvertebrates are published from Irish
freshwaters systems but either the identification is
only to family or genus level, or the species records are
not made available. Future knowledge and protection
of species can only be improved where information

Consolidated
knowledge on
Irish species

is known so it is vital that academics, scientists and

The remainder of this publication consolidates

recorders endeavour to make data available where

knowledge on Irish stonefly species life history

possible and lodge the records in a publically accessible

strategies, examining the egg, nymph and adult

format. In the case of citizen scientists, it is essential that

stages, and also describes their autecology, such

expert opinion is sought to confirm identification before

as diet and chemical preferences using data from

records are submitted to online databases and fora, such

Irish publications where available (see Table 5 (page

as that provided by the National Biodiversity Data Centre

30) and 6 (page 31) for summary data). Where

in Ireland. In addition, the exact location of sampling is

such data are lacking, information from other parts

vital for accurate and reliable distribution records. Such

of Europe are presented. Note that descriptions of

information will not only provide scientists, managers

habitat and water chemical associations for each

and enthusiasts with updated records but also provide a

species below are based on the nymphal stage,

reliable assessment of a species general occurrence and

unless otherwise stated. Comprehensive distribution

health throughout the Irish landscape.

maps are also provided, with the majority of data
arising from nymphal records (> 99%). The records
taken from published sources are predominantly
nymphal but do contain relatively low numbers
of adult data. No distinction is made within the
distribution maps.

Plate 23: Highly calcareous, alkaline Caher River, Co. Clare, where Dinocras cephalotes is a large component of the
invertebrate community. Eight other stonefly have been recorded in this river: A. sulcicollis, C. tripunctata, I. grammatica,
L. fusca, L. hippopus, L. inermis, P. meyeri and S. torrentium (Photo credit: Edel Hannigan).

Plate 24
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Some habitats typical of stonefly found in Ireland:

(a) boulder-dominated River Gaddagh, Co. Kerry

(b) steep, fast-flowing tributary of the River Clydagh,

(width 8 m, 50 m a. s. l.).

Co. Kerry (width 2 m, 300 m a. s. l.).

(c) small, high altitude, first order headwater of Athdown

(d) slow-flowing, peat-dominated Croaghaun Stream,

River, Co. Wicklow (width 0.1 m, 520 m a. s. l. ) where

Co. Mayo (width 2 m, 20 m a. s. l) where L. nigra have

lotic populations of D. bicaudata have been recorded.

been recorded.

(e) cobble-dominated riffle section of Upper River Liffey,

(f) shoreline of Lough Coomloughra, Co. Kerry (area 20

Ballyward, Co. Wicklow (width 23 m, 190 m a. s. l.).

ha, 460 m a. s. l.), a high altitude lake with stony shores
where the rare species C. atra can be found.

(g) rocky shoreline of small high altitude Lough Curra,

(h) rocky shoreline of small wind swept Lough Lackagh,

Co. Tipperary (area 5 ha, 600 m a.s. l.), where lentic

Co. Leitrim (area 6 ha, 397 m a.s.l.).

populations of D. bicaudata have been recorded.
Note: ha = hectares, m a. s. l. = metres above sea-level. All widths, areas and elevations are approximations and may
vary slightly. (Photograph credit: a, e, f, g, h; Jan-Robert Baars and b, c, d; Hugh B. Feeley).
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Map 1: The total distributions of stonefly records included in this publication. Data shown on the 10 km scale.
Number of records

1-20

21-58

59-123

124-230 231-671

Total number of records: 10465
Number of 10km squares: 510
Scale: 1:1,100,000
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Source: The Stonefly (Plecoptera) of Ireland
Number of records: 10465

1 - 20

21 - 58

59 - 123

124 - 230

231 - 671

Number of 10km squares: 510
Scale: 1:1,100,000
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Open semi-natural moorland-dominated
headwaters of the Skerdagh River, Co Mayo, where
A. sulcicollis, B. risi, I. grammatica, L. hippopus, L.
inermis, L. nigra, L. fusca, N. cinerea, P. bipunctata,
P. meyeri and S. torrentium have all been recorded
(Photograph credit: Hugh B. Feeley).

Figure 2: The number of counties each species has been
24

recorded in across Ireland to date.
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Figure 3: The number of records for all 32
counties of Ireland.
2000

1500

1000

500

0 W K C M T G D S C L L O D C W W T L K A L F M C K R L D D A W M
ick err ork ay ipp alw on ligo lare eitr aois ffa ub ava ex at yro out ilke ntr ime erm ea arlo ilda osc ong ow err rm es on
ly lin n fo er ne h nn im ri a th w re om fo n y ag tm ag
im
o er a eg
lo y
ck na
ar y al
rd for
h ea ha
w
y
m rd
y
gh
d
th n
on

Figure 4: Number of records compiled for each of the 19
extant species known to occur in Ireland from circa 1900
to 2012.
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Figure 5: The number of stonefly records pre 1950 to
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2012 compiled for this atlas.
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17

8

CK

Cork

15

12

14

DN

Down

18

17

14

LM

Leitrim

11

19

13

17

16

14

RN

SO

TP

Roscommon

Sligo

Tipperary

6

7

12

WH

WX

WW

Westmeath

Wexford

Wicklow

2273

152

10

145

132

731

353

48

193

7

57

1024

122

43

102

284

284

113

50

1162

601

61

185

40

515

33

1082

320

172

53

13

105

RECORDS (n)

D. bicaudata, L. nigra, N. avicularis, N. pictetii, P. praecox

N. pictetii

N. avicularis

D. cephalotes

C. bifrons, L. nigra, N. avicularis, N. pictetii

D. bicaudata, D. cephalotes, L. nigra, N. avicularis, N. pictetii

C. bifrons, D. bicaudata, D. cephalotes, L. nigra, N. avicularis, N. pictetii

L. nigra, N. pictetii

C. bifrons, D. cephalotes, L. nigra, N. avicularis, N. pictetii

C. bifrons

C. bifrons, N. pictetii

C. atra, C. bifrons, D. bicaudata, D. cephalotes, L. nigra, N. avicularis, N. pictetii, P. praecox*

L. nigra

N. pictetii

D. cephalotes, L. nigra, N. pictetii

C. bifrons, D. bicaudata, D. cephalotes, L. nigra, N. avicularis, N. pictetii

C. bifrons, L. nigra, N. avicularis, N. pictetii

-

N. avicularis, N. pictetii

C. atra, C. bifrons, D. bicaudata, D. cephalotes, L. nigra, N. avicularis, N. pictetii

C. atra, C. bifrons, D. bicaudata, D. cephalotes, L. nigra, N. avicularis, N. pictetii

C. bifrons, D. cephalotes

C. bifrons, D. bicaudata, N. pictetii, P. praecox

C. bifrons, L. nigra

C. atra, C. bifrons, D. cephalotes, D. bicaudata, L. nigra, N. avicularis, N. pictetii

-

C. bifrons, D. bicaudata, D. cephalotes, L. nigra, N. avicularis, N. pictetii, P. praecox*

D. bicaudata, D. cephalotes, N. avicularis, N. pictetii

C. bifrons, D. bicaudata, L. nigra, N. avicularis, N. pictetii

-

-

C. bifrons, D. cephalotes, P. praecox*

RARE & RESTRICTED SPECIES

Note: Vice county information is not included. *Rare and restricted species may occur in counties other than those highlighted in this table.

16

12

TE

WD

Tyrone

Waterford

17

MN

OY

Monaghan

12

Offaly

MO

MH

Mayo

Meath

11

LH

Louth

11

LK

LD

Limerick

Longford

16

KK

LS

Kilkenny

10

Laois

KY

KE

Kerry

Kildare

18

GY

Galway

11

D

FH

Dublin

Fermanagh

18

DY

DL

Derry

Donegal

16

CN

CE

Cavan

11

7

12

SPECIES (n)

Clare

AH

CW

Armagh

AM

Antrim

Carlow

CODE

COUNTY

Table 1: The number (n) of species, number of records and rare and restricted species recorded* across the 32 counties of Ireland.
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†

1989

1885-1987

1981-1982

1974-1975

1969

1973

1967

1929-1930

1985-1986

1981-1982

2000

Carter and Wood 1995

Costello 1988a

Costello et al. 1984

Dowling et al. 1981

Fahy 1972a

Fahy 1973

Fahy 1974

Frost 1942

Giller and Twomey 1993

Kelly-Quinn and Bracken 1990

Kelly-Quinn et al. 2003

Oak Lough, Lissen Water, River
Blackwater (DN), Glasnagh Burn

1991-2002

1905*

1970-1974

1974-1975

1981-1996

1971-1972

Neale et al. 2003

O’Connor 1978

O’Connor and Bracken 1978

O’Connor and Bracken 1980

O’Connor and O’Connor 2013

Wise and O’Connor 1997

37

RECORDS (n)

5

11

1

4

3

23

10

16

8

13

7

16

19

169

KY

45

CW, CN, CE, CK, D, KY, KE, KK, LM, LK, MO, MH, OY, 160
SO, TP, WD, WH, WW, WX

DN, MH

CN, WW

KY

CN, DN, TE

CK

CE

D

CK

KE, WW

GY, MO

WW

MO

KY

GY, MO

CW, CN, CE, CK, DL, DN, D, GY, KY KE, KK, LS, LM,
514
LK, LD, LH, MO, MH, MN, RN, SO, TP, WD, WW, WX

AM

COUNTY†

See Table 1 for full county name, ‡ See Appendix I & II in Costello (1988a) for catchment details, ♯ See O’Connor and O’Connor (2013) for catchment details, *confirmed from records taken by J. N. Halibert in 1905.

River Flesk, River Laune, Lough
Leane, Muckross Lake, Upper Lake

Various♯

River Tolka

Lough Sheelin, Lough Dan

Mangerton Mountain

Connolly’s stream (River Lee)

Kennedy and Fitzmaurice 1968 1967

Caher River

River Dodder

River Blackwater (CK)

River Liffey

River Corrib, Srahmore River

Glenmalure

Altahoney River

River Caragh

Lough Corrib & Mask catchments

Various‡

River Main

SAMPLING YEAR(S) CATCHMENT/LOCATION

REFERENCE

Table 2: List of publications where stonefly species records (n) and location details (from Irish grid reference) were available.
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UCD

UCD, AQUENS Ltd

UCD

EPA

EPA

ERBD

UCD

UCD

UCD

UCD

UCD

UCD

UCD

UCD

UCD

UCD

UCD

UCD

UCD

UCD

UCD

AGRI-BASELINE

AQUENS Ltd, reports

Biodiversity hotspots study

EPA lake surveys

EPA SSRS study

ERBD SSRS study

FORWATER

Headwater stream study

M.Sc

M.Sc

RIVPNI

RIVTYPE

Stonefly distributions study

Ph.D (AQUAFOR Project)

Ph.D

Ph.D (WaterAc Project)

Ph.D

Ph.D (HYDROFOR Project)

Ph.D

Ph.D.

Upland lakes study

Heritage Council

DAFM

NRA

DAFM, EPA

UCD

EPA

Forbairt

Eolas

Heritage Council

EPA

SNIFFER

Enterprise Ireland

EPA

Heritage Council

WRBD

n/a

EPA

EPA

Heritage Council

n/a

DAFM

FUNDING BODY

2005

2012

2008-2011

2008-2011

2005-2009

2003-2004

1998-2000

1990-1992

2006

2005

1990,2000

1999-2001

2009-2012

2004

2007

2006

2005

2001-2003

2007

2008,2010

2007-2009

YEAR(S)

Baars et al. 2005, 2014

McConigley 2015

Cocchiglia 2012

Feeley et al. 2011, 2012a, 2012b; Feeley 2012; Feeley & Kelly-Quinn 2014

Callanan et al. 2008, 2009, 2012, 2014; Callanan 2009

Cruikshanks et al. 2006, Cruikshanks 2006

Bradley 2001, Bradley et al. 2003

Tierney 1996, Tierney et al. 1998

Baars & Kelly-Quinn 2006

Kelly-Quinn et al. 2005

Bradley & Kelly-Quinn 2005

McGuinness & Kelly-Quinn unpublished

Maher & Kelly-Quinn unpublished

Baars et al. 2004

Kelly-Quinn et al. 2008

Unpublished

Walsh 2005

Free et al. 2006

Feeley et al. 2007; Feeley & Kelly-Quinn 2012

AQUENS Ltd unpublished

Purvis et al. 2010

REFERENCES

DAFM = Department of Agriculture, Food and the Marine, EPA = Environmental Protection Agency, ERBD = Eastern River Basin District, NRA = National Roads Authority,
SNIFFER = Scotland and Northern Ireland Forum for Environmental Research, SSRS = Small Stream Risk Score, UCD = University College Dublin, WRBD = Western Rivers Basin District.

INSTITUTION

RESEARCH STUDY

40

326

30

1424

1202

527

653

232

506

862

339

115

251

464

642

389

161

158

210

4

335

RECORDS (n)

Table 3: Details of research projects, theses and surveys from which stonefly species records were extracted for this publication.
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ü

Protonemura praecox

ü

ü

Isoperla grammatica

Brachyptera risi

ü

Diura bicaudata

ü

ü

Protonemura meyeri

Perla bipunctata

ü

Nemurella pictetii

ü

ü

Nemoura cinerea

Dinocras cephalotes

ü

ü

Leuctra nigra

Nemoura avicularis

ü

Leuctra inermis

ü

ü

Leuctra hippopus

Amphinemura sulcicollis

ü

Leuctra fusca

ü

Siphonoperla torrentium

û

û

ü

û

û

û

û

ü

ü

ü

ü

ü

ü

ü

ü

ü

û

ü

ü

LENTIC

û

û

û

û

û

û

û

û

û

û

û

û

û

û

û

û

û

û

û

EGGS

ü

ü

û

ü

û

û

ü

û

û

û

ü

û

ü

ü

ü

ü

ü

û

û

NYMPHS

û

û

û

û

û

û

û

û

û

û

û

û

û

û

û

û

û

û

û

ADULTS

LIFE HISTORY

û

û

û

ü

ü

û

ü

û

û

û

û

û

û

û

û

û

û

û

û

NYMPHS

DIET

û

û

û

û

û

û

û

û

û

û
û

û

û

û

û

û

û

û

û

û

û

û

û

û

û

û

û

†

û

û

û

û

û

û

û

û

û

û

û

û

û

û

OTHER

†

û

û

û

û

û

û

û

ü‡

û

û

û

û

û

û

ADULTS

GENETICS

†

Perlidae do not feed as adults. Please see individual species distribution maps and descriptions for relevant literature for habitat records which are not listed here due to large number of studies used to
compile this information. See Smith et al. (2000) and Feeley et al. (2009) for relevant nymph life history information, and Lucy et al. (1990), Feeley and Kelly-Quinn (2015) and McConigley (2015) (‡PhD
thesis) for available dietary information.

Taeniopterygidae

Perlodidae

Perlidae

Nemouridae

Leuctridae

ü

Chloroperla tripunctata

ü

Capnia bifrons

Chloroperlidae

û

Capnia atra

Capniidae

LOTIC

SPECIES

FAMILY

HABITAT RECORDS

Table 4: Records of species occurrence in Irish habitats and records (partial or otherwise) of life history characteristics, diet, genetics
and other autecological characteristics (e.g. drumming) for Irish stonefly published to date.
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0.8-0.9

7-24

2-26

271-1402

Brachyptera risi

12-13

14

16-18

18-19

15-17

16

16

15

13

13

13

13-14

13-14

12-13

14-15

12-13

12-13

14-15

11-12

12-13

15

18-19

20-23

17-19

17

17

17

14

14

14

14-15

14-15

13-14

15-16

14

13-14

15-16

12-13

7-11

9-12

8-17

14-21

12-20

6-8

7-8

7-8

7-8

6-9

4-6

4-6

4-6

5-6

6-8

5-8

7-10

5-6

6-8

7-11

11-16

17-24

25-33

18-31

8-10

8-10

9-11

9-10

7-10

5-7

6-8

6-8

6-9

8-10

7-10

9-10

7-9

8-10

FEMALES

7-10

8-14

10-13

16-20

15-19

6-8

5-8

6-7

6-7

6-8

4-5

4-6

4-6

5-7

6-8

5-7

6-7

4-6

5-6

MALES

8-11

9-13

12-14

18-24

18-24

7-9

7-9

6-9

6-9

7-9

5-7

5-8

5-7

6-9

7-9

6-8

7-9

5-8

5-7

FEMALES

MALES

MALES

FEMALES

MATURE NYMPH SIZE ADULT SIZE
(RANGE; mm)
(RANGE; mm)

NUMBER OF NYMPH
INSTARS (RANGE; n)

NPR

NPR

♂, ♀

♂

♂

NPR

NPR

NPR

NPR

NPR

NPR

n/a, ♂, ♀∫∫

NPR

♂, ♀

NPR

NPR, ♂, ♀∫∫

NPR

♂

♂, ♀

ADULT WING
POLYMORPHISM

See Table 4 for Family. Temp. = temperature. †eggs hatch immediately after oviposition. This temperature range relates to optimum nymph development during which egg development occurs. ‡Data
taken from European Perla spp. as no published records are available for Perla bipunctata. ♯ Range known for European Isoperla spp. although maximum egg clutches of 341 and 343 have been recorded for I.
grammatica by Khoo (1964) and Tierno de Figueroa and Sánchez-Ortega (1999a). NPR = no polymorphism recorded in Ireland. n/a = no information available for Ireland. Other information on adult wing
polymorphism (♂ male, ♀ female) is taken primarily from Irish stonefly by Costello (1988b) and H.B. Feeley and J-R. Baars unpublished observations. ∫∫The only exceptions relate to S. torrentium (recorded as
macropterous in Ireland by Costello (1988b) and L. nigra (no published Irish information) which have been recorded exhibiting reduced wing development in acidic conditions in Europe by Tixier et al. (2012)
and Thomsen and Friberg (2002), respectively. All other ecological information generally comes from British and European sources. Note: variations other than stated within this table may occur. Please see
individual species descriptions for relevant literature which are not listed here owing to the large number of studies used to compile this data.

0.6

1.0

3-19

365-600

17-788♯

Diura bicaudata

Isoperla grammatica

1.1

7-25

363-2494‡

Perla bipunctata

0.6
1.2

2-18

6-26

741-2100

0.5-0.6

114-2212

4-19

708-2086

Protonemura meyeri

0.7

Protonemura praecox

5-18

212-902

Nemurella pictetii

0.6

0.5

0.5-0.7

0.5

0.5

0.7-1.0

0.5-0.8

0.7

0.8

0.7-0.8

Dinocras cephalotes

4-19

4-17

400-1033

754-1503

4-19

238-1364

Amphinemura sulcicollis

Nemoura avicularis

3-15

123-356

Leuctra nigra

Nemoura cinerea

4-16

4-20

386-917

392-610

Leuctra hippopus

4-16

373-758

Leuctra fusca

Leuctra inermis

4-17

6-19

20-70

17-51

Chloroperla tripunctata

4-9†

143-683

Capnia bifrons

Siphonoperla torrentium

4-28

100-800

Capnia atra

0.5-0.7

TEMP. FOR EGG HATCHED
DEVELOPMENT NYMPH SIZE
(RANGE; °C)
(RANGE; mm)

NO. OF EGGS
(RANGE; n)

SPECIES

Table 5: Summary of the range in egg numbers, temperature requirements, number of instar moults, size achieved and wing
polymorphism information available in the literature for stonefly found in Irish waters.
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Aug – May
Aug – May
All year
Aug – Jul
Feb – Aug
Aug – Mar
Aug – Jun
All year
Aug – Jul
Aug – May
All year
All year
Jul – May
Jul - May
All year
All year
All year
Aug – Jul
Sep – Apr

univoltine

univoltine

semivoltine

univoltine

univoltine

univoltine

univoltine

uni/semivoltine

univoltine

univoltine

uni/semivoltine

pluri/uni/semivoltine

univoltine

univoltine

merovoltine

merovoltine

uni/semivoltine

univoltine

univoltine

Capnia atra

Capnia bifrons

Chloroperla tripunctata

Siphonoperla torrentium

Leuctra fusca

Leuctra hippopus

Leuctra inermis

Leuctra nigra

Amphinemura sulcicollis

Nemoura avicularis

Nemoura cinerea

Nemurella pictetii

Protonemura meyeri

Protonemura praecox

Dinocras cephalotes

Perla bipunctata

Diura bicaudata

Isoperla grammatica

Brachyptera risi

Feb – Apr

Apr – Aug

Apr - Jun

Apr – Jul

Apr – Jun

Feb – Jun

Feb – Sep

Feb – Sep

Mar – Sep

Mar – Aug

Apr – Sep

Apr – Aug

Mar – Aug

Feb – Jun

Jun – Dec

Apr – Sep

May – July

Feb – May

Feb – July

ADULT

Detritivore/Grazer

Predator

Predator

Predator

Predator

Shredder/Detritivore/Grazer

Shredder/Detritivore/Grazer

Shredder/Detritivore/Grazer

Shredder/Detritivore/Grazer

Shredder/Detritivore/Grazer

Shredder/Detritivore/Grazer

Shredder/Detritivore/Grazer

Shredder/Detritivore/Grazer

Shredder/Detritivore/Grazer

Shredder/Detritivore/Grazer

Predator

Predator

Shredder/Detritivore/Grazer

Detritivore/Grazer

NYMPH DIET

Detritivore

Palynivore/Detritivore

Palynivore/Detritivore

Do not feed

Do not feed

Palynivore/Detritivore

Palynivore/Detritivore

Palynivore/Detritivore

Palynivore/Detritivore

Palynivore/Detritivore

Palynivore/Detritivore

Palynivore/Detritivore

Palynivore/Detritivore

Palynivore/Detritivore

Palynivore/Detritivore

Herbivore/Detritivore

Palynivore/Detritivore

Palynivore/Detritivore

Palynivore/Detritivore

ADULT DIET

See Table 4 for Family. Note: variations other than stated within this table may occur. Check individual species descriptions or see Hynes (1942, 1976, 1977), Khoo (1964), Malmqvist and Sjöström (1980),
Rotheray and Liston (1985), Zwick (1990), Tierno de Figueroa and Sánchez- Ortega (1999b, 2000), López-Rodríguez et al. (2007); McConigley 2015 for more details.

NYMPHS

LIFE CYCLE

SPECIES

Table 6: Summary of the predominant life history characteristics and diet information available in the literature for stonefly found in
Irish waters.
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Number of records

Map 2: The distributions of Capnia atra in Ireland. Data
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shown on the 10 km scale.
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Illustration 2: Lateral dorsal view of Capnia sp. nymph.
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Morton, 1986
Occurrence: rare

Nymphs: autumn, winter, spring, early summer

Distribution: restricted

Adults:

spring, early summer

Distribution, habitat & water chemistry
associations

antennae and cerci) before emergence (Hynes 1977;

Capnia atra is one of the rarest species of stonefly in

typically from March to May (Hynes 1941, 1977;

Ireland occurring in only a few lakes with coarse gravel

Svensson 1966; Brittain et al. 1986) but may occur as

and cobble shores along the western seaboard (Map

late as June and July (Lillehammer 1975; Lillehammer

2). It is seldom present in high density (Costello 1988a;

and Brittain 1978). King and Halbert (1910) noted adults

Baars and Kelly-Quinn 2006). Records have been found

were abundant under marginal stones in June and July in

in the Killarney National Park, Co. Kerry at altitudes

Co. Kerry. Flight periods of approximately 40 days have

over 450 m (four sites; e.g. Lough Coomloughra,

been recorded in Norway (Brittain 1974; Lillehammer

see Plate 24f, page 21), at low altitude (e.g. 15 m) at

1975). Adults reach 5-7 mm (males 5-6 mm, females

three locations in County Mayo along the shores of

5-7 mm, excluding antennae and cerci) in length (Hynes

Lough Mask, Lough Conn and Lough Nadirkmore

1977; Lillehammer 1985b). Fecundity varies widely, with

between Tourmakeady and Finny, and in Co. Galway

between 100 and 800 eggs reported (Brittain 1990).

along the shores of Lough Corrib, while three records

Localised variations in morphology and ecology are

exist in County Donegal. This species has a subarctic

likely to occur throughout its distribution range in Europe

distribution across Europe (Brittain 1983; Lillehammer

(Lillehammer 1988a). There is no published information

1988a), suggesting it may be a glacial relic in Ireland

on Irish populations.

(O’Connor 1978). The chemical preference of this

Elliott 2009). Adults are occasionally found in February,

species in Ireland and in Europe is unknown, but it likely

Feeding

requires clean unpolluted waters.

Capnia atra has been reported as a detritus feeder,

Life history

consuming mainly leaf fragments (Lillehammer and
Brittain 1978; Lillehammer 1985b). Similar species C.

This species is univoltine (Brinck 1949; Svensson 1966;

bifrons, C. vidua and C. nigra also feed as grazers to a

Ulfstrand 1968; Brittain 1974, 1983; Brittain et al. 1984;

lesser extent throughout Europe (Graf et al. 2002,

Lillehammer 1985b; 1988a). During the postglacial

2009). Adults likely feed on pollen, lichens, algae, fine

period, the life cycle of populations in regions such as

and coarse particulate organic matter, and fungi (Hynes

Britain and Ireland evolved to survive outside its optimal

1977; Tierno de Figueroa and Sánchez-Ortega 2000).

distribution in circum-polar areas (Lillehammer 1988a).
Adaptive traits allow synchronisation of life cycles when

Other notes

field temperatures vary widely, with no relationship

Capniidae nymphs (Illustration 2), although very similar

between temperature (range 4 to 16°C) and nymphal

to the Leuctridae in appearance, differ by the separation

growth rates (Brittain et al. 1986). Eggs hatch over a

of the tergum and sternum from abdominal segments

wide range of temperatures (4-28°C), with development

1-9 (Leuctridae only 1-4 divided), visible when nymphs

time directly related to ambient temperatures (Brittain

are laid with the ventral side facing up. Irish adult males

et al. 1984; Elliott 1988a). Hatched nymphs are found

and females are brachypterous at altitude (above 250

in late summer and early autumn (Svensson 1966;

m) but are macropterous at lower elevations (e.g.

Ulfstrand 1968; Brittain 1983; Lillehammer et al. 1989)

Costello 1988b). Brachyptery has been suggested as

and are 0.5 to 0.6 mm on average (range 0.46 to

an advantageous trait in the wind swept high altitude

0.72 mm) (Brittain et al. 1984, 1986; Elliott 2009).

regions (Brinck 1949; O’Connor 1978). It may also be

Nymphs reach full body length by February, with

a trade-off between flight ability and egg production,

sexual maturation occurring in the remaining one to

owing to lower average temperatures and lower food

four months before adult emergence (Svensson 1966;

availability during the nymphal development period, as

Brittain 1983; Lillehammer 1985b). Nymphs have 11 to

seen in other stonefly (e.g. Malmqvist 2000; Thomsen

13 instars (males 11-12, females 12-13) and range from

and Friberg 2002; Tixier et al. 2012). As a result, adults

6-10 mm (males 6-8 mm, females 8-10 mm, excluding

tend to walk rather than fly.

Map 3: The distributions of Capnia bifrons in Ireland.
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Data shown on the 10 km scale.
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Plate 25: Nymph of Capnia bifrons (Photograph credit:

Plate 26: Macropterous adult of Capnia bifrons

Niels Sloth [www.biopix.dk]).

(Photograph credit: Gellért Puskás).

40mm

Capnia bifrons
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Newman, 1939
Occurrence: less common

Nymphs: autumn, winter, spring, early summer

Distribution: restricted

Adults:

spring, early summer

Distribution, habitat & water chemistry
associations

(males 5-6 mm, females 7-9 mm, excluding antennae

Capnia bifrons occurs in both running waters and upland

in Norway (Khoo 1964; Lillehammer and Brittain 1978).

lakes. Its main distribution is in northerly and westerly

Adults emerge from February to May, peaking in March

areas, with isolated occurrences in the midlands (Map

and April (Khoo 1964, 1968a; Costello et al. 1984; Bo et

3). Across Europe it is widely distributed (Graf et al.

al. 2013). At high altitude emergence may be delayed

2009), with nymphs living deep in the interstitial gravel

until early June (Lillehmmer and Brittain 1978). Adults

spaces of rivers and lakes until just before emergence

survive for about two months, but may live longer and

(e.g. Bo et al. 2006; Natural England 2015), making

are approximately 4-8 mm (males 4-6 mm, females

them difficult to record using conventional sampling

5-8 mm, excluding antennae and cerci) in size (Khoo

methods. In Ireland it appears to prefer slightly nutrient

1964; Lillehammer 1975, Hynes 1977). Females produce

rich or productive waters, with sand, gravel and cobble

approximately 360 eggs (range 143-683) (Elliott 1986).

substrates and is rarely found in abundance (Costello

and cerci), although 11 mm nymphs have been reported

1988a; Baars and Kelly-Quinn 2006). Consequently,

Feeding

its distribution is likely under estimated. European

Capnia bifrons is a shredder, but may act as a grazer and

populations occur across a wide pH gradient (Graf et

a detritivore (Lillehammer and Brittain 1978; Graf et al.

al. 2009), and this is likely similar in Ireland given its

2002, 2009). In Italy, Bo et al. (2013) found detritus

geographic distribution.

dominated the diet of small nymphs while fungal hyphae

Life history

and coarse particulate organic matter dominated the
diets of large individuals. Adults feed on pollens, lichens,

No Irish information exists but elsewhere C. bifrons

fungi, algae and organic matter which supports both

is univoltine (Khoo 1964, 1968a; Bo et al. 2013). It is

egg production and increases flight periods (Khoo 1964;

the only species in Ireland where ovovivipary occurs,

Hynes 1977; Tierno de Figueroa and Sánchez- Ortega

with eggs developing within the female and hatching

2000). No published information is available for Irish

immediately or shortly after oviposition (Khoo 1964,

populations.

1968a; Elliott 1986; Lillehammer 1986; Lillehammer
et al. 1989). Incubation periods vary with temperature

Other notes

and incompletely developed embryos deposited never

Irish male wing lengths vary, with many individuals

survived in experimental investigations (Khoo 1964;

being micropterous Plate 12, page 10), although this

Elliott 1986). Hatched nymphs are 0.7 to 0.8 mm in

does not seem related to altitude as in other stonefly

length (excluding antennae and cerci) and pass through

(e.g. D. bicaudata) (Costello 1988b). Adult females tend

14–15 (males) or 15–16 (females) instars (Khoo 1964,

to be macropterous (Plate 26). Conventional sampling

1968a; Lillehammer and Brittain 1978). Nymphs develop

methods may under record C. bifrons in Ireland but it is

for five to seven months, from autumn through to early

also possible that nymphs are routinely misidentified

summer but at the 4th or 5th instar a diapause occurs

due to their superficial resemblance to the Leuctridae

(water temperature 9.5-13.5°C) where there is an

(Baars and Kelly-Quinn 2006) (Plate 25). Well

onset of sluggishness and immobility and feeding stops

preserved nymphs are identifiable by the separation of

(Brinck 1949; Khoo 1964, 1968a; Bo et al. 2013). At the

the tergum and sternum from abdominal segments 1-9

end of diapause, which may last up to three months,

(Leuctridae only 1-4 divided) (Illustration 2, page 32).

the nymphs become active again only feeding when

Recent phylogenetic work by Bourmans and Murányi

they have moulted a few days later (Khoo 1964, 1968a).

(2014) suggests that C. bifrons refers to a species

Nymphs grow mostly in winter (and temperatures

‘complex’ rather than a single species. It is likely that

4-9°C) when there is a rapid rate of moulting and

Irish C. bifrons are in fact Zwicknia bifrons (Newman), as

associated rapid increase in size (Khoo 1964, 1968a).

found in Scotland (Murányi et al. 2014) but genetic work

Final instar nymphs generally reach 5-9 mm in size

is needed to confirm this.

Number of records

Map 4: The distributions of Chloroperla tripunctata in
36

Ireland. Data shown on the 10 km scale.
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Illustration 3: Dorsal view of Chloroperla tripunctata
nymph.
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Plate 27: Nymph of Chloroperla tripunctata

Plate 28: Macropterous adult of Chloroperla tripunctata

(Photograph credit: Jan-Robert Baars).

(Photograph credit: Jan-Robert Baars).

Chloroperla tripunctata
Scopoli, 1763
Occurrence: less common

Nymphs: all year

Distribution: widespread

Adults:

summer

Distribution, habitat & water chemistry
associations

cerci) in size, while males are slightly smaller at 6-7

Chloroperla tripunctata has a relatively wide distribution

1941; 1977; Elliott 1988b). Females lay approximately

range in Ireland, with the majority of records in the

40 eggs (range: 20-70) in one to three batches and live

southern half of the island (Map 4). It is only found in

for 18 to 38 days (Elliott 1988b). Adult males live for 16

stony rivers and streams and can be quite abundant

to 34 days (Elliott 1988b).

where present. Substrate preferences range from fine

mm (excluding antennae and cerci) in length (Hynes

to coarse sediments, cobbles, and boulders (Graf et

Feeding

al. 2009). Throughout Ireland, this species generally

This species is predominantly a predator, although

occurs in areas with soft waters but is relatively

it supplements its diet with allochthonous material,

scarce in areas draining peaty catchments (Baars and

diatoms and biofilm (Graf et al. 2002, 2009). Adults of

Kelly-Quinn 2006). Chloroperla tripunctata nymphs

this family are known to feed on a range of pollen types

are tolerant of acidic conditions but are generally

(e.g. conifer), fine particulate organic matter, coarse

found across a wide range of pH (e.g. Feeley 2012).

particulate organic matter, and spores and hyphae of

This species is classified as highly sensitive to organic

ascomycetes fungi (Zwick 1990; Tierno de Figueroa

pollution under the Irish ecological water quality

and Sánchez-Ortega 1999b) and may actually predate

(Q-value) index (McGarrigle et al. 2002).

(Rotheray and Liston 1985). No published information

Life history

is available for Irish populations.

The life cycle of C. tripunctata in Ireland is semivoltine

Other notes

(Smith et al. 2000), similar to that reported in Great

Chloroperla tripunctata nymphs (Illustration 3, Plate

Britain (Hynes, 1941; Khoo 1964). Eggs develop

27) can be distinguished from the similar species S.

for approximately 113 to 175 days at an optimum

torrentium by examining the pronotum and the head.

temperature of 8.5°C, with development occurring

In C. tripunctata nymphs will have long fine hairs at

from 4 to 17°C (Elliott 1988b, 1995). Nymphs are

the anterior and posterior ends on both sides of the

approximately 0.8 mm (excluding antennae and

pronotum. In contrast, S. torrentium has hairs along

cerci) after hatching and then develop slowly over two

the entire lateral margin on both sides. Additionally,

years before reaching between 8 and 10 mm (males

C. tripunctata has a Y like structure between its eyes

7-10 mm, females 9-10 mm, excluding antennae and

(Illustration 3), whereas S. torrentium has a V like

cerci) in length after 12-13 and 13-14 instars for males

structure (Illustration 4, page 38). Adults in Ireland

and females, respectively (Hynes 1977; Elliott 1988b,

appear to be uniformly macropterous (Costello 1988b)

2009). Adults are present from May to July, with

(Plate 28).

females reaching 7-9 mm (excluding antennae and
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Number of records

Map 5: The distributions of Siphonoperla torrentium in
38

Ireland. Data shown on the 10 km scale.
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Illustration 4: Dorsal view of Siphonoperla torrentium
nymph.
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Plate 29: Nymph of Siphonoperla torrentium

Plate 30: Macropterous adult of Siphonoperla

(Photograph credit: Jan-Robert Baars).

torrentium (Photograph credit: Jan-Robert Baars).

Siphonoperla torrentium
Pictet, 1841
Occurrence: common

Nymphs: autumn, winter, spring, summer

Distribution: widespread

Adults:

spring, summer, autumn

Distribution, habitat & water chemistry
associations

antennae and cerci) (Elliott and Minshall 1968; Hynes

Siphonoperla torrentium is widespread (Map 5) and

for six to 20 days, while females live for eight to 22

one of the most common stonefly species recorded in

days and lay one to four batches of eggs totalling

Ireland, with over 1,500 records to date. Nymphs are

approximately 35 eggs (range of 17-51) (Elliott 1988b).

often abundant in stony, shallow riffles in streams and

1977; Costello et al. 1984; Elliott 1988b). Males live

rivers as well as stony lake shores, especially in soft

Feeding

oligotrophic waters (Frost 1942; O’Connor and Bracken

Siphonoperla torrentium nymphs are predominantly

1978; Costello et al. 1984; Baars and Kelly-Quinn

predacious, utilising a stalking behaviour to target their

2006). This species is also found across a wide range

prey, such as Chironomidae (Fahy 1972a; Peckarsky

of altitudes, and tends to prefer acidic conditions, but

1984). However, this species may supplement its diet

not exclusively (Tierney et al. 1998; Graf et al. 2009;

with allochthonous plant material, as well as algae,

Feeley et al. 2011; Feeley 2012). Siphonoperla torrentium

diatoms and biofilm (Graf et al. 2002, 2009; Dangles

is classified as highly sensitive to organic pollution

2002). The adults feed on pollen and occasionally

under the Irish ecological (Q-value) water quality

animal matter has also been found, which sometimes

rating index (McGarrigle et al. 2002).

occupies a considerable percentage of the total gut

Life history
In Ireland, Siphonoperla torrentium has a univoltine life

content (Zwick 1990; López-Rodríguez et al. 2007). No
information is available for Irish populations.

cycle (Fahy 1969; Smith et al. 2000). This has also

Other notes

been confirmed in Britain with research indicating

Identification of S. torrentium nymphs (Plate 29)

that this species takes one year from egg to adult

requires examination of the pronotum which has hairs

(Hynes, 1941, Elliott 1967; Elliott 1988b). Eggs take

along the entire lateral margin on both sides, and the

approximately 28 to 61 days to hatch, tolerating

dorsal side of the head which has a V like structure

development temperatures from 6 to 19°C, but with

(Illustration 4). Interestingly, Tixier et al. (2012) found

optimum development occurring at 12.8°C (Hynes

that adult males and females that emerged from

1941, 1977; Elliott 1988b, 1995). First instar nymphs are

acidic streams had significantly shorter forewings (i.e.

approximately 0.7 mm in length upon hatching (Elliott

brachyptery) than those that emerged from less acidic

2009). Once hatched males develop through 12 to 13

or neutral streams in France. Although examinations

instars while females have 14 instars (Elliott 2009),

by Costello (1988b) in Irish water found no variation

reaching 5-10 mm (males 5-8 mm, females 9-10 mm,

in wing length (i.e. all macropterous, Plate 30) it

excluding antennae and cerci) before adult emergence

is possible that wing polymorphism also occurs in

(Hynes 1941, 1977; Fahy 1972b; Elliott 2009). Adults

Irish streams that are exposed to periods of acidic

can be found from April to September depending on

conditions.

altitude and temperature, but chiefly April to June,
with males reaching 5-7 mm (excluding antennae and
cerci) in size and females reaching 6-8 mm (excluding
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Map 6: The distributions of Leuctra fusca in Ireland.
40

Data shown on the 10 km scale.
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Illustration 5: Dorsal view of Leuctra fusca nymph.
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Plate 31: Nymph of Leuctra fusca (Photograph credit:

Plate 32: Macropterous adult of Leuctra fusca

Jan-Robert Baars).

(Photograph credit: Jan-Robert Baars).

40mm

Leuctra fusca
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Linnaeus, 1758
Occurrence: common

Nymphs: spring, summer, autumn

Distribution: widespread

Adults:

late summer, autumn, winter

Distribution, habitat & water chemistry
associations

Adults have a unimodal emergence pattern, and are

Leuctra fusca has a widespread distribution throughout

from August to October, reaching a length of 6-8 mm

Ireland (Map 6) occurring in flowing waters with fine

(excluding antennae and cerci) in males and 7-9 mm

or course gravel, cobbles and boulder habitats, but also

(excluding antennae and cerci) in females (Elliott and

amongst mosses, macrophytes and organic matter

Minshall 1968; Lillehammer 1975; Lillehammer and

(Baars and Kelly-Quinn 2006; Graf et al. 2009). This

Brittain 1978; Hynes 1977; Costello et al. 1984; Elliott

species has a predominantly lotic occurrence, but is

1987a; Petersen et al. 1999). In Norway, adult females

known to occur along stony shorelines of lakes in both

were recorded for 75 days along a stream bank at Øvre

Ireland and Britain (Elliott 1987b; Costello 1988a).

Heimdalsvatn in the early 1970s (Lillehammer 1975),

Nymphs occur across a range of pH gradients in

but generally live for 20 to 41 days (Elliott 1987b).

Ireland (Feeley 2012; Feeley and Kelly-Quinn 2014) and

Adult males live from 20 to 38 days (Elliott 1987b).

in Europe (Graf et al. 2009) and are classified as less

Females can lay two to four batches of eggs, with

sensitive to organic pollution than most stonefly under

approximately 373 to 758 eggs or an average of 570

Ireland’s ecological (Q-value) water quality rating

eggs per individual (Elliott 1987b).

(McGarrigle et al. 2002).

Life history

generally present from June to December but mainly

Feeding
Leuctra fusca is a generalist species, with nymphs

In Ireland, the nymphs of L. fusca have a univoltine

generally feeding on a range of both allochthonous and

life cycle but contrast with the other Leuctridae in

autochthonous plant material (Lillehammer and Brittain

being the only summer species (Smith et al. 2000).

1978; Graf et al. 2002, 2009). Adults feed on a range of

This is also the case elsewhere in Europe (e.g. Brittain

lichens, algae, fungi, pollen and organic matter (Hynes

1974). Eggs spend anywhere between 32 and 88

1977; Tierno de Figueroa and Sánchez-Ortega 2000).

days developing depending on oviposition date and

No Irish information has been published to date.

temperature, with optimum development occurring at
8.5°C (range: 4.5 – 16.0°C) (Elliott 1987b). Nymphs

Other notes

hatch in spring (February to April) and range in length

This species is possibly under reported in the

from 0.55 to 0.8 mm in length (excluding antennae

Irish records. For example, the separation of the

and cerci), grow rapidly during the summer months

four leuctrid species in Ireland may cause some

completing 14 to 15 instars in males and 15 to 16 instars

identification problems, as the characteristics such as

in females by late summer and autumn (Hynes 1977;

the fine fringe of hairs on the tibia of L. fusca are often

Lillehammer and Britain 1978; Elliott 1987b, 2009;

overlooked (Illustration 5, Plate 31) (Costello 1988a;

Costello 1988a). At final instar males are 6 to 8 mm

Baars and Kelly-Quinn 2006). Careful illumination of

(excluding antennae and cerci) and females are 8 to 9.5

the tibia under a stereo microscope and the use of a

mm (excluding antennae and cerci) (Elliott 2009).

black or dark background make the identification of
this species much easier. Adults in Ireland appear to
be uniformly macropterous (Costello 1988b) (Plate 32).

Number of records

Map 7: The distributions of Leuctra hippopus in Ireland.
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Data shown on the 10 km scale.
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Illustration 6: Dorsal view of Leuctra hippopus nymph
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Plate 33: Nymph of Leuctra hippopus (Photograph

Plate 34: Macropterous adult of Leuctra hippopus

credit: Jan-Robert Baars).

(Photograph credit: Jan-Robert Baars).

Leuctra hippopus

43

Kempny, 1899
Occurrence: common

Nymphs: autumn, winter, spring

Distribution: widespread

Adults:

spring, early summer

Distribution, habitat & water chemistry
associations

living for 36 to 48 days, and females living 32 to 51

In Ireland, Leuctra hippopus has a widespread

as found in Norway (Lillehammer 1975). The duration of

distribution (Map 7) and is predominantly found in

flight periods in Ireland is unknown. Male adults range

flowing waters, but is known to occur in lotic habitats

from 5-7 mm (excluding antennae and cerci) in size,

(Baars et al. 2005; Baars and Kelly-Quinn 2006).

while female adults reach 6-9 mm (excluding antennae

Similar findings have been recorded in Great Britain by

and cerci) in length (Hynes 1977; Lillehammer and

Elliott (1987b). Habitats preferences vary but generally

Elliott 1978; Elliott 1987b). However, like the nymphs,

nymphs can be found in coarse gravel and cobble areas

adults can vary in size and wing length (Lillehammer

or amongst macrophytes, mosses and leaf packs (Graf

1986). Females can lay two to four batches of eggs

et al. 2009). It is largely tolerant of acidic conditions

which vary in size from 386 to 917 eggs (Elliott 1987b).

and may form a large component of riffle communities

days. Flight periods can last up to 67 days for females

in acid-sensitive streams and rivers as seen in Ireland,

Feeding

Britain and across Europe (Stoner et al. 1984; Tierney

Leuctra hippopus is a generalist species feeding on

et al. 1998; Graf et al. 2009; Feeley et al. 2011; Feeley

a range of allochthonous and autochthonous plant

2012; Feeley and Kelly-Quinn 2014). McGarrigle et al.

material (Lillehammer and Brittain 1978; Graf et al.

(2002) classify L. hippopus as less sensitive to organic

2002, 2009). Adults of this family are known to feed on

pollution under the ecological (Q-value) rating system

a range of pollen types, lichens, algae, fine particulate

for Ireland.

organic matter, coarse particulate organic matter, and

Life history
This species is univoltine in Ireland (Smith et al. 2000).
In Britain, Elliott (1987b) found that the optimum

spores and hyphae of fungi (Hynes 1977; Tierno de
Figueroa and Sánchez-Ortega 2000). Their diet has not
been examined in Ireland.

temperature for egg development was 8.7°C (range:

Other notes

4.7-16.0°C), taking an estimated 28 to 41 days to hatch.

The nymphs of this species are separated from the

Nymphs are approximately 0.7 mm (excluding antennae

similar species L. inermis by examining the first four

and cerci) in length at first instar and grow more

abdominal terga which will lack long thick black bristles

rapidly than the ecologically similar species L. inermis,

(note these hairs may be present on terga five to nine)

due to an earlier hatching period (Elliott 1987b, 2009;

(Illustration 6, Plate 33). These hairs are often broken

Smith et al. 2000). Research in Norway highlighted

in L. inermis so caution must be taken here. In L. inermis,

variability in first instar nymphs, ranging from 0.76 to

small holes will remain where the hairs were formerly.

1.03 mm (Lillehammer and Brittain 1978; Lillehammer

No such structures will be present on L. hippopus.

1986). Nymphs then range from between 5 and 8.5

In Europe, brachypterous, or short wingedness, can

mm (males 5-6 mm, females 6-8.5 mm, excluding

occur in adults likely a result of selections pressures,

antennae and cerci) after 12 to 14 instars depending on

such acidification and food availability, within localised

the sex (males 12-13, females 13-14) (Hynes 1977; Elliott

environments (Lillehammer 1985a, 1986). Altitude

1987b; Lillehammer et al. 1989; Smith et al. 2000; Elliott

is also a factor with wing length in both males and

2009). Adult L. hippopus are generally the first of the

females over 2 mm shorter in population found at

Leuctridae to emerge, appearing in early spring time,

665 m compared to a population at 135 m in the UK

mainly from February through June, but can be found

(personal communication: Craig Macadam, Buglife,

as late as July in cooler systems, especially at high

UK). Costello (1988b) found both macropterous (Plate

altitude (Elliott and Minshall 1968; Lillehammer 1975;

34) and brachypterous wings in Irish individuals of both

Hynes 1977; Lillehammer and Brittain 1978; Costello et

sexes, with short wingedness found at altitudes of 183

al. 1984; Elliott 1987b; Costello 1988a; Petersen et al.

m (lake), 268 m and 335 m (both rivers).

1999). In Britain, Elliott (1987b) recorded adult males

Number of records

Map 8: The distributions of Leuctra inermis in Ireland.
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Illustration 7: Dorsal view of Leuctra inermis nymph.
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Plate 35: Nymph of Leuctra inermis (Photograph credit:

Plate 36: Macropterous adult of Leuctra inermis

Jan-Robert Baars).

(Photograph credit: Jan-Robert Baars).

Leuctra inermis

45

Kempny, 1899
Occurrence: common

Nymphs: autumn, winter, spring, early summer

Distribution: widespread

Adults:

late spring, summer

Distribution, habitat & water chemistry
associations

size of approximately 4-6 mm (excluding antennae

Leuctra inermis has a widespread distribution in Ireland

and cerci) in females (Elliott and Minshall 1968; Hynes

(Map 8) and is found in flowing waters and on wave-

1977; Elliott 1987b; Costello et al. 1984; Costello 1988a;

blown shores on stony substrata with detritus and is

Peterson et al. 1999). Males can live from 15 to 38 days,

often found amongst leaf packs (Costello 1988a; Baars

while females live for 20 to 39 days (Elliott 1987b). Egg

et al. 2005; Baars and Kelly-Quinn 2006). This species,

batches can vary from one to three with between 392

like L. hippopus, is highly tolerant of acidic conditions

and 610 eggs laid per female (Elliott 1987b).

and may form a large component of riffle communities,

and cerci) in males and 5-7 mm (excluding antennae

especially where conifer forest plantations dominate

Feeding

the catchment, but can also occur in large densities in

Like all the Leuctra species in Ireland, L. inermis nymphs

circum-neutral waters (Tierney et al. 1998; Feeley et

are generalist feeders. Their diet generally consists of a

al. 2011; Feeley 2012; Feeley and Kelly-Quinn 2014).

range of both allochthonous and autochthonous plant

Leuctra inermis is classified as slightly sensitive to

material (Graf et al. 2002). Adults in Ireland have been

organic pollution under the Irish ecological quality

shown to feed on birch, willow and spruce pollen, with

(Q-value) rating system (McGarrigle et al. 2002).

a preference for native birch and willow (McConigley

Life history

2015). Other European studies indicate that L. inermis
adults feed on various pollen types, as well as lichens,

The life cycle of L inermis in Ireland is univoltine, with

algae, fungi, and organic matter (Hynes 1977; Tierno de

nymphs present through winter and spring (Hynes

Figueroa and Sánchez-Ortega 2000).

1977; Costello 1988a; Smith et al. 2000). Optimum
temperatures for egg development is approximately

Other notes

10°C (range: 4.7 – 20°C) and they require between

Leuctra inermis nymphs are identifiable by examining

20 and 34 days for development (Elliott 1987b). Upon

the first four abdominal terga which will have at least

hatching, nymphs are 0.55 mm (excluding antennae

one pair of long thick black bristles (Illustration 7, Plate

and cerci) in length (Elliott 2009). They have a later

35). Note, however, that these hairs are often broken

hatching period than the similar species L. hippopus

so caution must be taken here. Close examination

and usually complete 13 to 15 instars depending on sex

will reveal small holes where the hairs were formerly.

(males: 13-14, females: 14-15). Nymphs reach between

This species does not appear to exhibit brachypterous

4.7 to 6 mm (excluding antennae and cerci) for males

tendencies with individuals found at 335 m in the

and 6 to 7.8 mm in females at final instar (Elliott 2009).

Hags Glen, Co. Kerry being macropterous (Plate 36)

The adults emerge in late spring and summer (March

even though the similar species L. hippopus was short

through August) depending on altitude and reach a

winged (Costello 1988b).

Number of records

Map 9: The distributions of Leuctra nigra in Ireland.
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Illustration 8: Dorsal view of Leuctra nigra nymph.
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Leuctra nigra

47

Olivier, 1811
Occurrence: common

Nymphs: all year

Distribution: restricted

Adults:

late spring, summer, autumn

Distribution, habitat & water chemistry
associations

(excluding antennae and cerci) upon hatching (Elliott

Leuctra nigra has a relatively limited distribution range in

(excluding antennae and cerci) and develop through

Ireland, occurring in both fast and slow flowing reaches

13-14 instars (Hynes 1977; Elliott 2009). Females are

within headwater streams (e.g. Croaghaun Stream, Co.

slightly larger ranging from 6.2 to 7.7 mm (excluding

Mayo: Plate 24d, page 21) and in lakes in the north-

antennae and cerci) in length and have 14-15 instars

west areas of counties Galway, Mayo and Donegal and

(Hynes 1977; Elliott 1987a, 2009). Adults have a

northern counties Tyrone and Down (Map 9). Records

unimodal emergence pattern and can be found from

of L. nigra in the midlands and east are confined to

April to August depending on altitude, but chiefly in

smaller headwater streams with dense riparian cover

April and May and are 4 to 8 mm in length (excluding

(Baars and Kelly-Quinn 2006), while records in the

antennae and cerci) depending on the sex (males 4-6

south are limited (Map 9). Nymphs are generally found

mm, females 5-8 mm) (Lillehammer 1976; Hynes 1977;

in very low densities in silty, sandy and fine gravel

Elliott 1987a; Petersen et al. 1999; Thomsen and Friberg

habitats but also amongst woody debris, twigs roots

2002). Female adults were present for a period of 71

and logs (O’Connor and Costello 1997; Baars and

days in Norway (Lillehammer 1975), with individuals

Kelly-Quinn 2006). Adults are generally also found in

found to live for 36 to 48 days in Britain (Elliott 1987a).

low densities amongst vegetation nearby associated

Males are similar, living for 34 to 47 days (Elliott 1987a).

streams (O’Connor and Costello 1997). This species

Adult females lay an average of 240 eggs (range: 123-

is known to predominate in acidified moorland and

356) in one to three batches (Elliott 1987a, 1987b).

conifer forested streams in both Denmark and Great

2009). Male nymphs reach between 4.8 to 6 mm

Britain (Stoner et al. 1984; Friberg et al., 1998, Thomsen

Feeding

and Friberg 2002). In Ireland L. nigra has been recorded

Leuctra nigra is a generalist species, with nymphs

in episodically acidic streams (Feeley 2012; Feeley and

feeding on a range of allochthonous and autochthonous

Kelly-Quinn 2014) but also occurs in circum-neutral

plant material (Lillehammer 1988b; Henderson

systems based on its geographical distributions.

et al. 1990; Graf et al. 2002, 2009; Thomsen and

Leuctra nigra is classified as slightly sensitive to organic

Freiberg 2002). Like most adult stoneflies the diet

pollution by Ireland’s ecological quality (Q-value)

is predominantly of lichens, fungi, pollen, organic

rating index (McGarrigle et al. 2002).

matter and algae (Hynes 1977; Tierno de Figueroa and

Life history
The life cycle of Leuctra nigra is highly variable across

Sánchez- Ortega 2000). No information is available for
Irish populations.

Europe. Several studies have reported a one year,

Other notes

univoltine, life cycle (Hynes 1941; Brinck 1949).

This species was the latest stonefly to be added to

However, studies have found that nymphs take two

the Irish checklist (O’Connor and Costello, 1997). It is

years in northern England and Denmark (Elliott 1987a;

easily identified as a nymph owning to the dense dark

Thomsen and Friberg 2002), while Hildrew et al.

hairs covering the thorax (especially the prothorax)

(1980) reported a mixture of both one and two year

and the abdomen, which often contrasts the pale

cycles in the acidic and iron-rich Broadstone stream in

colour (generally orange-yellow) of the exoskeleton

southern England. Eggs take between 31 and 37 days to

(Illustration 8). Leuctra nigra adults have also been

develop at temperatures around 10°C, with optimum

found to vary among acidic and circum-neutral streams

development occurring at 6.7°C (range: 3.0-15.3°C)

in terms of wing length, with acidic populations having

(Elliott 1987a, 1987b). However, the incubation period

significantly shorter wings (Thomsen and Friberg

may last as long as 90 days at low temperatures

2002). No published information on wing-length

(4°C) (Lillehammer 1976). Nymphs are 0.55 mm

polymorphism is available for Ireland.

Number of records

Map 10: The distributions of Amphinemura sulcicollis in
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Ireland. Data shown on the 10 km scale.
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Illustration 9: Dorsal view of Amphinemura sulcicollis
nymph.
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Plate 37: Nymph of Amphinemura sulcicollis

Plate 38: Macropterous adult of Amphinemura

(Photograph credit: Jan-Robert Baars).

sulcicollis (Photograph credit: Jan-Robert Baars).

Amphinemura sulcicollis
Stephens, 1836
Occurrence: common

Nymphs: autumn, winter, spring

Distribution: widespread

Adults:

spring, summer, autumn

Distribution, habitat & water chemistry
associations

and temperature adults emerge from April through

In Ireland, A. sulcicollis is a widespread species (Map

reaching 4-5 mm (excluding antennae and cerci) as

10). Over 1,100 records currently exist for this species

males and 5-7 mm (excluding antennae and cerci)

making it one of the best recorded on the island. It was

as females (Hynes 1941, 1961, 1977; Elliott 1967,

found in highest densities amongst leaf-packs and

1988c; Elliott and Minshall 1968; Lillehammer 1975;

particularly mosses in fast flowing reaches of stony

Lillehammer and Brittain 1978). Flight periods were

streams and rivers (Costello 1988a; Baars and Kelly-

recorded at 61 days for females in Øvre Heindalsvatn,

Quinn 2006). It is also known to occur in lakes with

Norway (Lillehammer 1975). In Britain, individual

stony shorelines (O’Connor and Bracken 1978; Costello

females live for 38 to 63 days, while males live for 36 to

1988a). It has a high tolerance for acidic waters

60 days (Elliott 1988c). Females lay approximately 650

(Feeley et al. 2011; Feeley 2012; Feeley and Kelly-Quinn

eggs (238-1364) in one to four batches (Elliott 1988c).

2014) but is classified as highly sensitive to organic

to September, peaking from late April to June and

enrichment under the Irish ecological water quality

Feeding

(Q-value) rating index (McGarrigle et al. 2002).

As a nymph this species tends to be a shredder but

Life history

will also feed on biofilm and detritus (Brittain and
Lillehammer 1987; Graf et al. 2002). The adult diet

Irish populations of A. sulcicollis have a univoltine

consists of autochthonous and allochthonous material

life cycle, with nymphs present from September to

such as lichens, algae, fine particulate organic matter,

June (Smith et al. 2000). Eggs have a relatively short

coarse particulate organic matter, pollen and spores

incubation period of between 16 and 22 days (at

and hyphae of fungi (Hynes 1977; Tierno de Figueroa

11-14°C), with optimum development occurring at

and Sánchez-Ortega 2000). No information is

9.5°C (range: 4.7-19.1°C) (Elliott 1988c). This is the

available for Irish populations.

smallest nemourid in Irish waters, reaching 4.7 to 5.7
mm (excluding antennae and cerci) as males and 5.5

Other notes

to 7 mm (excluding antennae and cerci) for females,

This species is the only member of this genus found

after 13 and 14 instars, respectively (Elliott 2009).

in Ireland and nymphs are easily identified due to the

Nymphs grow steadily after hatching (0.65 – 0.7 mm,

5-8 filamentous or thread–like gills on its prosternum

excluding antennae and cerci, at first instar) from early

(ventral part of the 1st segment of the thorax)

August until late October. Little or no growth occurs

(Illustration 9). They are generally coated in fine algal

during November, December and January, which is

material and fine sediment giving it a distinctive look

related to low temperatures. Growth recommences

(Plate 37). Adults in Ireland appear to be uniformly

in late January/early February accelerating through

macropterous (Costello 1988b) (Plate 38).

to April and May (Hynes 1941, 1961; Brinck 1949;
Elliott 1967; Svensson 1977). Depending on altitude

49
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Map 11: The distributions of Nemoura avicularis in
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Illustration 10: Dorsal view of Nemoura avicularis
nymph.
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Plate 39: Nymph of Nemoura avicularis (Photograph
credit: Jan-Robert Baars).
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Nemoura avicularis
Morton, 1894
Occurrence: less common

Nymphs: autumn, winter, spring, early summer

Distribution: restricted

Adults:

spring, summer

Distribution, habitat & water chemistry
associations

1975; Elliott 1988c). The maximum life span of adults

Nemoura avicularis is less common than N. cinerea

females, respectively, with the life-span decreasing

and seems to occur predominantly in the west and

later in the emergence period as temperatures increase

midlands of the country at low altitude (Map 11),

(Khoo 1964; Elliott 1988c). In Norway, the flight period

but has been recorded at high altitude (>200 m) in

of a lake population was recorded to last 38 days

Lough Dan in the Wicklow Mountains (O’Connor and

(Lillehammer 1975). Females lay ~760 eggs (400-

Bracken 1978). It has a diverse habitat preference,

1033) in one to four batches (Elliott 1988c; Brittain

found in lakes, rivers and streams amongst mud, silt,

1990). The size of the adults also differs between the

clay, sand and gravel, but generally occurs in low

sexes, where again the females (7-9 mm, excluding

density (Costello 1988a). Nymphs are often found

antennae and cerci) are larger than males (6-8 mm,

amongst vegetation, especially moss and leaf litter

excluding antennae and cerci) (Brittain 1973; Hynes

packs (Graf et al. 2009). Nymphs are tolerant of acidic

1977; Elliott 1988c).

conditions (Graf et al. 2009) and are considered

is 53 (30-53) and 54 (30-54) days for males and

sensitive to organic pollution in Irish waters

Feeding

(McGarrigle et al. 2002).

Like most nemourids N. avicularis nymphs are

Life history

generalists availing of any allochthonous and
autochthonous food of plant sources present (Graf

No published information exists for Irish populations.

et al. 2002, 2009). In Wales, Brittain (1971) showed

However, the life cycle of Nemoura avicularis is

that deciduous leaves formed the major component

univoltine in Britain (Hynes 1941; Brittain 1973,

of the diet of later instars, especially during the winter

1974). Eggs develop quickly over 16 to 26 days at

months when primary production is generally low.

temperatures between 11 and 14°C (range: 4-19°C)

Other components present in the gut were filamentous

(Elliott 1988c). After hatching (nymphs 0.55 mm,

algae, diatoms, detritus, mineral matter and fragments

excluding antennae and cerci at first instar) growth is

of higher plants (Brittain 1973). Adults feed on lichens,

slow during the summer months. Nymphs then grow

fungi, pollen, organic matter and algae (Hynes 1977;

more steadily throughout the autumn and early winter

Tierno de Figueroa and Sánchez-Ortega 2000). No

until they are more or less fully-grown by January

information currently exists for populations in Ireland.

(Brittain 1973). Nevertheless, there are differences in
the pattern of growth and in the timing of the various

Other notes

stages across Europe (Brittain 1973). Like most

Nemoura avicularis nymphs are identifiable by the

stonefly the female nymphs (7.5 to 10.0 mm, excluding

contrast in colour between the first and second

antennae and cerci) grow larger than males (6.0 to 8.5

antennal segments, with the second much darker

mm, excluding antennae and cerci) (Hynes 1977; Elliott

than the first (Illustration 10, Plate 39). However, in

2009). Consequently, male nymphs go through 13

damaged or poorly preserved nymphs caution should

instars, while females go through 14 (Elliott 2009). The

be taken so as not to identify this species incorrectly

adult emergence period also differs in various regions

as the other Irish nemourid, N. cinerea, is almost

but generally begins in March, reaching a peak in April

identical. Adults in Ireland appear to be uniformly

and May, continuing into June, July and even August

macropterous (Costello 1988b).

(Hynes 1941; 1977; Brittain 1973, 1974; Lillehammer
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Map 12: The distributions of Nemoura cinerea in Ireland.
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Data shown on the 10 km scale.
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Plate 40: Nymph of Nemoura cinerea (Photograph
credit: Jan-Robert Baars).
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Nemoura cinerea
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Retzius, 1783
Occurrence: less common

Nymphs: autumn, winter, spring, summer

Distribution: widespread

Adults:

spring, summer, autumn

Distribution, habitat & water chemistry
associations

early spring reducing intraspecific competition with

Nemoura cinerea has a widespread distribution in

(e.g. Elliott 1988c). Nymphs range from 7 to 10 mm

Ireland (Map 12), although restricted where it occurs.

(males 7-8 mm, females 9-10 mm, excluding antennae

It can be found in muddy, sandy, gravel areas of still

and cerci) in length before adult emergence (Hynes

or very slow-running water such as ditches, ponds,

1977), while the number of instars differs slightly, with

lakes and streams, but nymphs are occasionally found

females having 14 and males 13 instars (Elliott 2009).

in faster flowing stretches (Costello 1988a; Baars and

Adult N. cinerea are most common from March to

Kelly-Quinn 2006; Graf et al. 2009). Other habitats

July, but may occur as late as September as a result

can include moist substrates, the edge of waters

of the wide emergence period from early spring to

and in leaf packs and other vegetative material such

late summer (Brittain 1974; Lillehammer 1975; Hynes

as sphagnum (Baars and Kelly-Quinn 2006; Graf

1977; Costello et al. 1984; Elliott 1988c). Flight periods

et al. 2009). Individuals can be quite abundant in

are known to last up to 72 days (Lillehammer 1975),

localised areas particularly in habitats draining peaty

with individual adults living for 28 to 45 days (males:

catchments at high altitude (Baars and Kelly-Quinn

28-44; females 30-45) (Elliott 1988c). Females lay

2006) but occurs across a wide gradient of habitat

approximately 1200 to 1400 eggs on average, ranging

from oligotrophic to mildly eutrophic systems (Costello

from 754 to 1503 eggs, in one to three egg batches

1988a; Brittain 1991). Habitat pH varies, with nymphs

(Elliott 1988c; Brittain 1990). Adults range from 6-7

appearing to have no preference (Graf et al. 2009) and

mm in length (excluding antennae and cerci) in males

occurring in both acid-sensitive and circum-neutral

and 6-9 mm (excluding antennae and cerci) in females

streams across Ireland (Feeley 2012; Feeley and Kelly-

(Hynes 1977; Elliott 1988c).

Quinn 2014).

Life history

N. avicularis as they often overlap in habitat range

Feeding
Nemoura cinerea is a generalist, with nymphs feeding

Across Europe, the life cycle of N. cinerea depends

on a wide range of allochthonous and autochthonous

on the local temperature regime (e.g. Brittain et al.

plant material (Brittain and Lillehammer 1987). Female

1989). For instance, life cycles can be univoltine with

adults of Nemoura cinerea must feed to produce eggs.

a short egg incubation period in summer (25-26 days)

However, both sexes feed on a wide range of lichen and

resulting in a relatively long nymphal growth period

algal components, as well as pollen, fine particulate

during autumn and adult emergence the following

and course particular organic matter (Khoo 1964;

spring, or life cycles can be extended to two years in

Hynes 1976, 1977; Tierno de Figueroa and Sánchez-

length under particular environmental conditions such

Ortega 2000). No dietary information is available for

as low temperatures and insufficient food supply (Frost

Irish populations.

1942; Khoo 1964; Brittain 1974, 1978; Lillehammer
1975; Lillehammer et al. 1989). In Ireland, it is

Other notes

hypothesised that nymphs grow rapidly and complete

Unlike the other Irish Nemouridae, N. cinerea nymphs

their life cycle in one year (Frost 1942; Costello 1988a)

can be difficult to identify due to a lack of distinctive

although no life history data exist for Irish populations.

key characteristics (Plate 40), and are sometimes

However, at high altitude (> 400 m) low average

confused with other Nemoura species, especially N.

temperatures may extend this to a two-year cycle.

avicularis (Illustration 10 and Plate 39, page 50) which

Eggs generally develop rapidly, taking approximately

occurs in Ireland and N. cambrica (Stephens) which

13 to 20 days (at 13-14°C, development range: 4-17°C)

does not (Costello 1988a) but is present throughout

(Elliott 1988c). Nymphs (0.65 mm in length, excluding

Europe. Adults in Ireland appear to be uniformly

antennae and cerci, at first instar) grow chiefly in

macropterous (Costello 1988b).

Number of records

Map 13: The distributions of Nemurella pictetii in
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Ireland. Data shown on the 10 km scale.
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Illustration 11: Dorsal view of Nemurella pictetii nymph.
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Plate 41: Nymph of Nemurella pictetii (Photograph

Plate 42: Macropterous adult of Nemurella pictetii

credit: Jan-Robert Baars).

(Photograph credit: Jan-Robert Baars).

Nemurella pictetii
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Klapálek, 1900
Occurrence: less common

Nymphs: all year

Distribution: widespread

Adults:

spring, summer, autumn

Distribution, habitat & water chemistry
associations

2008). Eggs develop over 13 to 21 days (at 11-14°C),

Nemurella pictetii has a wide distribution range (Map 13)

1988c). Hatched nymphs are approximately 0.7 mm

but is restricted to localised areas draining peaty soils

(excluding antennae and cerci) and range from 7-11 mm

usually at high altitudes in small headwater streams and

(males 7-8 mm, females 9-11 mm, excluding antennae and

seepages (Hynes 1977; Baars and Kelly-Quinn 2006).

cerci) in length at final instar (Hynes 1977; Elliott 2009).

It has also been found at low altitude on the shores of

Female nymphs have more instars (17) than males (15)

Lough Corrib, Co. Galway and Lough Finn, Co. Donegal.

(Zwick 1991; Elliott 2009). Adults range from 6-9 mm

In the UK and Europe nymphs are known to occur in

(males 6-7 mm, females 6-9 mm, excluding antennae and

small upland lakes with stony shorelines and in vegetated

cerci) in length (Hynes 1977; Elliott 1988c). Both short

ponds (240 to > 600 m), wetlands and marshes (e.g.

and long erratic adult flight periods from February to

Lillehammer 1975; Wolf and Zwick 1989; Natural England

September have been reported, with male adults living for

2015). To date, no high altitude lake, pond, wetland or

15-22 days and females living for 16-27 days (Hynes 1941,

marsh records are available for Ireland. Nymphs are also

1977; Lillehammer 1975; Elliott 1984, 1988c; Peterson et

common in small trickles with dense vegetation, woody

al. 1999). Females lay approximately 500 eggs (212-902),

material and/or organic matter in Ireland and elsewhere

in one or two batches (Elliott 1988c).

(Costello et al. 1984; Wolf and Zwick 1989; Graf et al.

with development occurring between 5 and 18°C (Elliott

2009), but generally are scarce, only occurring in low

Feeding

densities. Nemurella pictetii is highly tolerant of low pH

Nemurella pictetii is a generalist and opportunistic feeder

and conductivity (Baars and Kelly-Quinn 2006; Feeley

(Lieske and Zwick 2007), with several studies indicating

2012), and although McGarrigle et al. (2002) classify

that nymphs have various diets from that of a detritivore

the Nemouridae as sensitive to organic pollution in the

and a shredder (Hynes 1941; Henderson et al. 1990;

Irish ecological (Q-value) water rating index, both Brittain

Graf et al. 2002), to feeding on biofilm and periphyton

(1991) and Baars and Kelly-Quinn (2006) report this

(Winterbourn et al. 1992; Ledger and Hildrew 2000a,

species as somewhat tolerant of nutrient enrichment.

2000b, 2001; Dangles 2002). Adults usually feed on

Life history

lichens, fungi, pollen, organic matter and algae (Hynes
1977; Tierno de Figueroa and Sánchez-Ortega 2000),

Nemurella pictetii has a highly variable life cycle,

with Rupprecht (1990) indicating that adults which fed

recorded as univoltine, plurivoltine and semivoltine

lived twice as long as those that did not. No published

in Britain, and central and northern Europe (Hynes

information is available for Irish populations.

1941; Brittain 1974, 1978; Hildrew et al. 1980; Elliott
1984; Lillehammer et al. 1989; Wolf and Zwick 1989;

Other notes

Nesterovitch and Zwick 2003; Lieske and Zwick 2007,

Nymphs at first glance are similar to other Nemouridae

2008). No data are available for Ireland but Costello

(Plate 41) but are identifiable from the well-defined long

et al. (1984) suggested that the size distribution of

stout hairs on the dorsal side of each femur (especially the

the nymphs in a stream draining into Lough Coolin

on the hind legs) and long stout hairs overlapping each

near Clonbur in Co. Galway (183 m above sea level)

abdominal segment on the dorsal side of the abdomen

indicated that some were potentially semivoltine. Such

(Illustration 11). It is likely that this species is under

variability is related to local environmental conditions,

recorded due to its association with dense vegetation,

determined by mainly temperature but also the quality

and woody material in small trickles. Conventional

of the food available, egg diapause tactics, photoperiod

sampling is also unlikely to record this species accurately.

and intraspecific competition which ultimately control

Therefore, it is likely that this species Irish distribution

optimal development and generational continuance (e.g.

is more widespread. Irish adults appear to be uniformly

Nesterovitch and Zwick 2003; Lieske and Zwick 2007,

macropterous (Costello 1988b) (Plate 42).

Number of records

Map 14: The distributions of Protonemura meyeri in
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Ireland. Data shown on the 10 km scale.
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Illustration 12: Dorsal view of Protonemura meyeri
nymph.
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Plate 43: Nymph of Protonemura meyeri (Photograph

Plate 44: Macropterous adult of Protonemura meyeri

credit: Jan-Robert Baars).

(Photograph credit: Jan-Robert Baars).

Protonemura meyeri
Pictet, 1841
Occurrence: common

Nymphs: late summer, autumn, winter, spring

Distribution: widespread

Adults:

spring, summer, autumn

Distribution, habitat & water chemistry
associations

temperature (Hynes 1941, 1977; Brinck 1949; Svensson

This species is one of the most widespread stonefly

Lillehammer 1975; Costello et al. 1984). Adults then

species occurring throughout Ireland, especially in

live for up to 32 days in males (17-32) and 37 days

mountainous regions of Dublin, Wicklow and the

in females (19-37) (Elliott 1988c). Egg batches vary

midlands (Map 14). It is abundant in streams and

between two and eight, with approximately 1500 eggs

rivers on stable substrates with moss, algae and leaf

(708-2086) laid per individual female under laboratory

packets (Hynes 1941; Frost 1942; Costello 1988a;

conditions (Elliott 1988b). Interestingly, Marten (1990)

Baars and Kelly-Quinn 2006; Graf et al. 2009). This

suggested that Protonemura spp. may in fact lay up to

species can be very abundant, and often forms a

4000 eggs per female in the field. Adult males range

significant proportion of communities in acid-sensitive

from 5-8 mm (excluding antennae and cerci) and

catchments but not exclusively (Tierney et al. 1998;

females from 7-9 mm (excluding antennae and cerci) in

Feeley et al. 2011; Feeley 2012; Feeley and Kelly-Quinn

length (Hynes 1977; Elliott 1988c).

2014) and is classified as highly sensitive to organic

1966; Elliott 1967, 1988c; Elliott and Minshall 1968;

pollution using the Irish ecological water (Q-value)

Feeding

rating system (McGarrigle et al. 2002).

Protonemura meyeri nymphs are generally active

Life history

between sunset and sunrise (Chaston 1969), feeding
predominantly as a shredder but generally on a wide

A univoltine life cycle has been described for this

range of autochthonous and allochthonous material

species in Ireland and Great Britain, with hatching

(Graf et al. 2002, 2009). Irish P. meyeri in low-order,

occurring from late July through September (Hynes

episodically acidic moorland and conifer forest

1941; Frost 1942; Khoo 1964; Strange 1985; Smith et

catchments in Co. Wicklow have been found to be

al. 2000) after taking approximately 27 to 38 days to

generalists, with biofilm and detritus dominating their

develop (at 9-11°C, development range: 4-19°C) (Elliott

diet (Feeley and Kelly-Quinn 2015). The adult diet

1988c). The length of the first instar after hatching

consists of pollen, lichens, algae, fungi and fine and

is approximately 0.5 to 0.6 mm (excluding antennae

course particulate matter (Hynes 1977; Tierno de

and cerci), before developing through 16-17 instars

Figueroa and Sánchez-Ortega 2000).

and reaching 7-8 mm (excluding antennae and cerci)
in males and 8-10 mm (excluding antennae and cerci)

Other notes

in females (Strange 1985; Elliott 2009). The nymphs

This genus is easily identified by the three stout

grow rapidly during late summer and autumn before

sausage-shaped gills on each side of the prosternum

slowing from November to the end of February (Frost

(Illustration 12, Plate 43). To date 99% of all

1942; Svensson 1966). Growth rates then continue

Protonemura records for Ireland are for P. meyeri. See

steadily until adult emergence (Svensson 1966). The

information on P. praecox for more details. Adults in

adult emergence period occurs from February to June,

Ireland appear to be uniformly macropterous (Costello

most commonly March to May, but has known to be

1988b) (Plate 44).

as late as September, varying according to latitude and
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Map 15: The distributions of Protonemura praecox in
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Ireland. Data shown on the 10 km scale.
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Protonemura praecox
Morton, 1894
Occurrence: rare

Nymphs: late summer, autumn, winter, spring

Distribution: restricted

Adults:

spring, summer

Distribution, habitat & water chemistry
associations

females, reaching 6.8-8 mm and 8-10 mm (excluding

Protonemura praecox is very rare and has only been

2009). Protonemura praecox adults have a short flight

recorded multiple times in the Dublin and Wicklow

period in spring and early summer (February-May,

Mountains (King and Halbert 1910; Fahy 1969, 1973,

occasionally June, mainly February-April) (Hynes

1974; Reynolds 1986; Costello, 1988; Kelly-Quinn

1977; Elliott 1988b; Marten 1990). Males live for

and Bracken 1990; Tierney 1996; Tierney et al. 1998)

approximately 30 to 54 days, while females live slightly

(Map 15). One off recordings of P. praecox have been

longer from 33 to 60 days (Elliott 1988b). Up to 2100

published by Fahy (1974) in the Burrishoole catchment

eggs can be laid (average: 1460, range: 741-2100) in

in North Mayo and by Carter and Wood (1995) in the

two to six batches (Elliott 1988c), with an average

Skerry Water, a tributary of the Clogh River in the River

420 eggs per batch (Marten 1990). Fecundity of

Main catchment, Co. Antrim (Map 15), while Kennedy

Protonemura spp. in the field may be considerably

and Fitzmaurice (1968) report finding this species in

higher than 1000 eggs per batch and totally more

Connolly’s stream, a tributary of the River Lee, north

than 3-4000 eggs per female (Marten 1990). Male

east of Macroom, Co. Cork (no exact site location was

adults reach 6-8 mm and female adults reach 7-9 mm

provided. No further records are available in these

(excluding antennae and cerci) (Hynes 1977; Elliott

three locations. Surveys by Baars and Kelly-Quinn

1988c).

(2006) failed to collect any nymphs of this species

antennae and cerci), respectively (Hynes 1977; Elliott

from the Wicklow Mountains, while attempts as recent

Feeding

as spring 2015 by the authors failed to record this

Protonemura praecox nymphs are known to feed on

species. Previously, they have been found in small fast

leaves and detritus, but generally consumes a wide

flowing streams at high altitude (e.g. Reynolds 1986;

range of autochthonous and allochthonous plant

Tierney et al. 1998) and where found across Europe it

materials (Hynes 1941; Graf et al. 2002). Adults have

tends to occur amongst macrophytes, mosses and leaf

a diet predominantly consisting of lichens, fungi,

packs (Graf et al. 2009). Research in Ireland and across

pollen, organic matter and algae (Hynes 1977; Tierno

Europe also indicates an indifference to pH, occurring

de Figueroa and Sánchez-Ortega 2000). No dietary

across a range of pH gradients (Reynolds 1986; Graf

information is published for Irish populations.

et al. 2009), while in Ireland this species is classified
as highly sensitive to organic enrichment in Ireland’s

Other notes

ecological quality (Q-value) rating system (McGarrigle

Adults in Ireland are recorded as being uniformly

et al. 2002).

macropterous (Costello 1988b). The separation of P.

Life history

praecox and P. meyeri nymphs can be difficult due to
their similar life cycle strategies and morphology. For

No life history information is available for Irish

example, P. praecox nymphs are recognised from the

populations but research from Europe indicates that

separation of the terga and sternum in the first five

this species has a univoltine life cycle. Their hatching

abdominal segments whereas P. meyeri the separation

period depends on temperature but generally it

occurs in the first four segments, with partial

occurs from July through September (Hynes 1941;

separation in segments five to eight. Although there

Elliott 1988c; Marten 1990). Incubation time for eggs

are slight differences in colour and bristle arrangement

is approximately 31 to 47 days between 7 and 9.5°C

on the abdomen and coloration of the tarsi these are

(development range: 2-18°C), but may take up to 59

often difficult to distinguish. The collection of adults

days at lower temperatures (Elliott 1988c). Nymphs

and possibly genetic analysis should be prioritised to

(0.6 mm at first instar, excluding antennae and cerci)

confirm the current distribution of P. praecox in Ireland.

develop through 16 instars for males and 17 instars for
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Map 16: The distributions of Dinocras cephalotes in
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Ireland. Data shown on the 10 km scale.
1

2-3

4-6

7-9

10-13

Total number of records: 131
Number of 10km squares: 52
Scale: 1:1,100,000

Illustration 13: Dorsal view of Dinocras cephalotes
nymph.
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Plate 45: Nymph of Dinocras cephalotes (Photograph

Plate 46: Macropterous adult of Dinocras cephalotes

credit: Jan-Robert Baars).

(Photograph credit: Jan-Robert Baars).

Dinocras cephalotes
Curtis, 1827
Occurrence: less common

Nymphs: all year

Distribution: restricted

Adults:

late spring, summer

Distribution, habitat & water chemistry
associations

and cerci) (Elliott 2009). Fully grown females reach up to

Dinocras cephalotes is the most common perlid in

with grown males reaching up to 20 mm (range: 12-20

Great Britain and mainland Europe (e.g. Hynes, 1977;

mm) (Hynes, 1977; Frutiger 1996). Size differences relate

Lillehammer 1987). However, in Ireland it has an isolated

to variations in number of instars between sexes, 15

distribution found in only a limited number of fast

to 17 for males and 17 to 19 for females (Elliott 2009).

flowing rivers with stable substrata (Costello 1988a;

Adults only survive for a few days, emerging from April

Baars and Kelly-Quinn 2006). Its isolated distribution

through June, with males ranging from 15-19 mm and

suggests a once more widespread occurrence

females ranging from 18–24 mm (excluding antennae

throughout Ireland (Map 16). Instream densities vary but

and cerci) (Hynes, 1977). Females tend to lay between

nymphs may form a large component of the invertebrate

two and eight egg batches (but as many as 15 have been

community, such as in the Caher River, Co. Clare (See

reported), with 114 and 2212 eggs laid per individual

Plate 23, page 20), and in the headwaters of the Bonet

female noted (Frutiger 1996; Zwick 1996). No published

and Glenaniff Rivers, Co. Sligo. Nymphs prefer circum-

information exists for Irish populations.

neutral waters and do not occur in acid-sensitive waters

31 mm (range: 18-31 mm), excluding cerci and antennae,

(Graf et al. 2009). They are considered highly sensitive

Feeding

to organic enrichment (McGarrigle et al. 2002).

Dinocras cephalotes nymphs are predators, feeding on

Life history

a wide range of invertebrate taxa, but may also feed
on plant material, especially in early instars (Lucy et al.

Several European studies indicate that D. cephalotes

1990; Hynes 1976). Ephemeroptera, Trichoptera and

has a merovoltine life history, taking an estimated three

Chironomidae dominated their diet in Ireland, while

years to complete its life cycle (e.g. Britain: Hynes 1977;

cannibalism can be common, increasing with age/size

Switzerland: Frutiger 1987; Italy: Iannilli et al. 2002). In

(Lillehammer 1985b; Lucy et al. 1990). Nymphs are

Northern Europe, the nymphal life cycle may take four

rarely active during the day, with predation occurring

to five years owing to lower average water temperatures

mainly at night involving pursuit, but also at dusk and

(Ulfstrand 1968; Huru 1987). Egg development varies,

dawn with individuals adopting ambush behavior, which

with laboratory work showing full development after 56

may also involve a short pursuit (Sjöström 1985a; Elliott

days at 15°C (optimum range 16-20°C, development

2000). This hunting technique means prey size taken by

range 6-26°C) (Lillehammer 1987; Elliott 1989, 1995;

nymphs varies, and is often much larger than themselves

Frutiger 1996; Zwick 1996a). Lillehammer et al. (1989)

(Malmqvist and Sjöström 1980). Adults drink water but

showed that temperatures of 10 to 12°C were required

do not feed (Hynes 1976, 1977; Malmqvist and Sjöström

to initiate egg development. At lower temperatures

1980).

egg quiescence occurs, often lasting up to a year
(Lillehammer 1987; Elliott 1989). Further experiments

Other notes

by Zwick (1996a, 1996b) showed genetics influenced

Perlidae are identifiable by the thoracic gills, with D.

D. cephalotes eggs which could survive for long periods

cephalotes (Illustration 13, Plate 45) nymphs tending

(up to 220 days) of dormancy forming seed banks in

to be much darker than P. bipunctata (Illustration 14

streambed sediments and allowing populations to adapt

and Plate 47, page 62). Sjöström (1985b) found D.

to seasonal environmental variations. This enables

cephalotes nymphs defend a territory aggressively and

D. cephalotes to inhabit colder streams and rivers in

was an important factor in determining their instream

mountainous regions throughout Europe and provides

spatial distribution, with the size of the area defended

a competitive advantage when other Perlidae (e.g.

related to the availability of prey. Irish female adults

Perla bipunctata) co-occur (Elliott 1989; 1991; Frutiger

are macropterous (Plate 46). Male adults appear to be

1996; Zwick 1996b). Nymphs hatch in late summer and

uniformly brachypterous, although numbers examined

autumn, assuming no quiescence (Frutiger 1996), and

were small (Costello 1988b; J-R. Baars unpublished

are approximately 1.2 mm in length (excluding antennae

observations).
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Map 17: The distributions of Perla bipunctata in Ireland.
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Data shown on the 10 km scale.
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Illustration 14: Dorsal view of Perla bipunctata nymph.
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Plate 47: Nymph of Perla bipunctata (Photograph

Plate 48: Macropterous adult of Perla bipunctata

credit: Jan-Robert Baars).

(Photograph credit: Jan-Robert Baars).

Perla bipunctata

63

Pictet, 1833
Occurrence: common

Nymphs: all year

Distribution: widespread

Adults:

Distribution, habitat & water chemistry
associations

to three weeks in May and June (Costello et al. 1984;

Perla bipunctata is found in reasonable numbers in

July in Britain (Hynes 1977). No published information

relatively large rivers where substrates are dominated

on P. bipunctata egg numbers is available but other

by boulders and fast currents and is the most common

European species of Perla are known to lay between 363

perlid found in Ireland (Costello 1988a; Baars and

and 2494 eggs in one to five batches (Frutiger 1996).

Kelly-Quinn 2006). Its distribution is concentrated

Adult males range from 16–20 mm (excluding antennae

in the south and southwest of the country (Map 17).

and cerci) and females from 18-24 mm (Hynes 1977).

Instream densities can vary between and within sites.

Irish adult males differ to European populations by

For example, in the River Liffey, Co. Wicklow (Plate 24e,

being brachypterous (Hynes 1977; Costello et al. 1984).

page 21) densities range from three to 10 individuals

late spring, early summer

Feeley et al. 2009), but can occur between April and

m2 (Feeley et al. 2009). Nymphs prefer circum-neutral

Feeding

waters but can occur in episodically acidic streams

Perla bipunctata nymphs are predators, feeding

(Baars and Kelly-Quinn 2006; Feeley et al. 2009;

predominantly on Ephemeroptera, Trichoptera and

Feeley and Kelly-Quinn 2014). and are considered

Chironomidae in Irish systems (Lucy et al. 1990.

highly sensitive to organic enrichment (McGarrigle

Cannibalism by perlid stoneflies (see Plate 20, page

et al. 2002).

14) is also common (Lillehammer 1985b), while early

Life history

instars are known to supplement their diet by feeding
on algae (Hynes 1976, Graf et al. 2002, 2009). Nymphs

In Ireland, P. bipunctata has a merovoltine life history,

are most active at night, and at dusk and dawn, with

taking three to three and a half years to complete

little or no activity during the day (Elliott 2000). Adults

development depending on the nymphal hatching

drink water but do not feed (Hynes 1976).

period which can occur in autumn, winter and early
spring (Feeley et al. 2009). Similar findings have been

Other notes

described by Hynes (1941, 1977) in Great Britain.

Perla bipunctata (Illustration 14, Plate 47) nymphs tend

Generally, eggs have a long incubation period, taking

to be lighter in colouration than the uniformly dark

between 96 and 111 days (at 15°C) to develop in full

D. cephalotes (Illustration 13 and Plate 45, page 60).

(Hynes 1941; Elliott 1991). The optimum temperature

Under low oxygen concentrations P. bipunctata (and D.

for egg development is 15.9°C, with development

cephalotes) utilise a ‘push-up’ behaviour (see Genkai-

occurring at temperatures ranging from 7 to

Koi et al. 2000 for description) enhancing respiratory

25°C (Elliott 1995). However, long periods of low

efficiency (H.B. Feeley unpublished observations).

temperatures (< 6°C), as often occur in winter and

Female adults in Ireland appear to be uniformly

early spring, can slow egg development, even extending

macropterous (Plate 48) while males are uniformly

the life cycle by up to one year (Elliott 1991). After

brachypterous (Plate 11, page 10) (Costello 1988b;

hatching, nymphs are 1.1 mm (excluding antennae and

H.B. Feeley and J-R. Baars unpublished observations).

cerci) in length (Elliott 2009; Feeley et al. 2009). The

Nevertheless, at the River Liffey, Ballyward, Co.

predominant nymphal growth period for this species

Wicklow brachypterous males have been observed

occurs during the summer months before slowing

flying (H.B. Feeley and J-R. Baars unpublished

when temperatures drop in winter (Feeley et al. 2009).

observations). The long life cycle of Perlidae such as

Perla bipunctata is also amongst the largest European

P. bipunctata and the presence of nymphs across all

Perlidae reaching a maximum length of 14–21 mm and

instars reflect a healthy population for at least the

25–33 mm (excluding antennae and cerci) in males and

previous three years and consequently, at least three

females, respectively (Hynes 1941, 1977; Elliott 2009).

years of relatively clean water quality and at least good

Instar development is higher in females (20-23) than

ecological status (Feeley et al. 2009).

males (18-19) (Elliott 2009). Adults emerge over two

Number of records

Map 18: The distributions of Diura bicaudata in Ireland.
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Illustration 15: Dorsal view of Diura bicaudata nymph.
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Plate 49: Nymph of Diura bicaudata (Photograph credit:

Plate 50: Macropterous adult of Diura bicaudata

Jan-Robert Baars).

(Photograph credit: Jan-Robert Baars).

Diura bicaudata

65

Linnaeus, 1758
Occurrence: rare

Nymphs: all year

Distribution: restricted

Adults:

Distribution, habitat & water chemistry
associations

males 16 to 18 instars (Elliott 2009). Adults are present

Diura bicaudata is restricted in its distribution (Map 18)

Costello et al. 1984) and from June to August in northern

occurring in mainly lotic habitats in high altitude (> 200

Europe with flight periods lasting 43 days recorded for

m) upland areas, especially the Wicklow Mountains, but

females (Brinck 1949; Lillehammer 1975). Adult males

also occurring in both high and low altitude western lakes.

(10-13 mm, excluding antennae and cerci) are slightly

Nymphs are found in stretches and shorelines with coarse

smaller than females (12-14 mm) (Hynes 1977), although

gravel, cobbles and boulders, but can occur in very small

females may be larger than 14 mm (Elliott 2009). Female

(0.1 m wide) headwater seepages amongst vegetation

egg numbers range from 365 to 600 (Brittain 1990).

(Plate 24c, page 21). Occasionally it can constitute a

spring, summer

from April to June in Britain and Ireland (Hynes 1977;

large component of the invertebrate community in lake

Feeding

littoral habitats, as found in Lough Curra, Co. Tipperary

Diura bicaudata nymphs are predacious, hunting

(Plate 24g, page 21) (Baars and Kelly-Quinn 2006).

among stream stones and preferring sedentary or

Throughout Europe, this species has a circum-polar

slowly moving prey types, such as Simuliidae and

distribution indicating that it is a glacial relict (Brinck

other stoneflies like nemourids, and tending to avoid

1949; Lillehammer 1988b; Khoo 1968b; Costello

mobile taxa such as Ephemeroptera (Tikkanen et al.

1988a). It occurs across a range of pH values (Graf et

1997; Huhta et al. 1999; Graf et al. 2009). Unlike other

al. 2009; Feeley 2012; Feeley and Kelly-Quinn 2014)

large predacious stonefly nymphs, D. bicaudata does

and is considered highly sensitive to organic pollution

not appear to feed on algae during early instars (Graf

(McGarrigle et al. 2002).

et al. 2002). Adults likely feed on a range of pollen

Life history

types, coarse particulate organic matter and spores
and hyphae of ascomycetes (Tierno de Figueroa and

Diura bicaudata may have a univoltine or semivoltine life

Sánchez-Ortega 1999b). No published information is

cycle (Khoo 1964, l968b; Brittain 1974, 1983; Hynes

available for Irish populations.

1976). Evidence comes from both laboratory and
field investigations by Khoo (1964, l968b) who found

Other notes

that diapause and non-diapause eggs occur in British

Diura bicaudata can be separated from I. grammatica by

populations. In Scandinavia, Diura eggs have a diapause

the lack of thick covering of black clothing hairs on its

that lasts all winter (Lillehammer et al. 1989). Nymphs

body (Illustration 15, Plate 49).. Wing development is

hatching from non-diapause eggs possibly complete

highly variable in Ireland. Both macroptery (Plate 50)

their development within a year, whereas individuals with

and brachyptery has been noted in adult females, while

diapause eggs usually have a two year life cycle with the

brachyptery and microptery has been recorded in males

first 8-10 months spent in the egg stage (Khoo 1968b;

(Costello et al. 1984; Costello 1988b). Hynes (1952, 1976),

Brittain 1983; Lillehammer et al. 1989). Egg development

who found D. bicaudata at sea level on the Isle of Man,

is variable in Britain with those in streams having a lower

reported that the restricted and high altitude riverine

optimum temperature of 6°C (range: 3-12°C) than lakes

distribution in Britain and Ireland was likely a result of

(optimum temperature 9.6°C, range: 5-19°C) (Elliott

competition avoidance with Perlodes species. Ulfstrand

1995). In Ireland, Diura may have a semivoltine life cycle,

(1968) reported similar conclusions in Sweden. However,

particularly in the high altitude range of its distribution

the absence of Perlodes species in Irish waters would

(Feeley et al. 2009), but no published information exists.

dispute this conclusion. Nevertheless, competition from I.

Hatched nymphs are 1 mm long (excluding antennae and

grammatica, environmental conditions (e.g. temperature)

cerci) (Lillehammer et al. 1989) and vary in size when fully

or genetics may be factors.

grown, ranging from 8 to 24 mm (males 8-17 mm, females
17-24 mm, excluding antennae and cerci) (Hynes 1977;
Elliott 2009). Female nymphs have 18 to 19 instars and

Number of records

Map 19: The distributions of Isoperla grammatica in
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Ireland. Data shown on the 10 km scale.
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Illustration 16: Dorsal view of Isoperla grammatica
nymph.
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Plate 51: Nymph of Isoperla grammatica (Photograph

Plate 52: Macropterous adult of Isoperla grammatica

credit: Jan-Robert Baars).

(Photograph credit: Jan-Robert Baars).

Isoperla grammatica
Poda, 1761
Occurrence: rare

Nymphs: all year

Distribution: restricted

Adults:

spring, summer

Distribution, habitat & water chemistry
associations

They have 14 and 15 instars for males and females,

Isoperla grammatica is one of the most common

adult emergence occurs from April to August (Elliott

stonefly species in Ireland, having a widespread

and Minshall 1968; Hynes 1977; Lillehammer and

distribution (Map 19). This species is common in all

Brittain 1978; Costello et al. 1984) and they range from

lotic water types with stable and unstable substrata,

8-14 mm in males and 9-13 mm in females, excluding

amongst moss, leaf packets and gravel, and is often

antennae and cerci (Hynes 1977; Lillehammer and

present in rivers with slight organic enrichment (Frost

Brittain 1978; Lillehammer 1988b). Both Khoo (1964)

1942; Costello 1988a; Baars and Kelly-Quinn 2006).

and Tierno de Figueroa and Sánchez-Ortega (1999a)

The widespread distribution of this species in Ireland

reported maximum egg counts of 343 and 341,

indicates that it has no preference for particular pH

respectively, laid in four or five batches. Other similar

conditions and has been found in both neutral and

European species of Isoperla are known to lay between

episodically acidic waters throughout the island

17 and 788 eggs (Tierno de Figueroa and Sánchez-

(Feeley et al. 2011; Feeley 2012; Feeley and Kelly-Quinn

Ortega 1999a).

2014). Isoperla grammatica is, however, classified as

respectively (Elliott 2009). In Ireland and Great Britain

highly sensitive to organic enrichment using the Irish

Feeding

ecological (Q-value) rating system (McGarrigle et al.

Isoperla grammatica is a predator and although diatom

2002).

and algal matter are also ingested, the nymphs are

Life history

carnivorous from very early instars (Hynes 1977;
Malmquist and Sjöström 1989; Malmquist et al. 1991;

In Ireland, I. grammatica has a univoltine life cycle (Frost

Graf et al. 2002, 2009). Nymphs are also highly

1942; Smith et al. 2000). This is similar to Britain and

selective in their prey items (Williams 1987). Of

Northern Europe where nymphs are present for part

the prey items found, Chironomidae and Simuliidae

of two summers and the intervening winter (Elliott

seem to dominate (Malmquist and Sjöström 1989;

1967; Ulfstrand 1968, Langford 1971; Malmquist

Malmquist et al. 1991; Elliott 2004), with Williams

and Sjöström 1989). Research in Norway and Britain

(1987) highlighting a preference for Baetidae in

indicated that eggs need warm temperatures of 7

Wales. Elliott (2000, 2004) indicated that the feeding

to 12°C to initiate development, but the optimum

behaviour was by active search and was limited to the

incubation temperature is 16°C (development range:

hours of dusk and dawn, with little activity during the

7-22°C) (Saltveit and Lillehammer 1984; Lillehammer

day or at night. The adults feed on a range of pollens,

et al. 1989; Elliott 1995). Nymphs are approximately

fungi and fine particulate organic matter (Tierno de

0.8-0.9 mm on hatching (Lillehammer and Brittain

Figueroa and Sánchez-Ortega 1999b). No published

1978) and occur all year round in small numbers and

information is available for Irish populations.

across various sizes, indicating variability in nymphal
growth (Langford 1971; Malmquist and Sjöström 1989;

Other notes

Smith et al. 2000). However, nymphs typically grow

This species is easily separated from D. bicaudata as

rapidly in autumn and spring, although winter growth

I. grammatica nymphs have black clothing hairs all

has also been noted where water temperatures were

over its body notable especially in pale coloured areas

suitable (Malmquist and Sjöström 1989). Nymphs

(Illustration 16, Plate 51). Diura bicaudata lacks these

range in size from 9-16 mm (males 9-12 mm, females

hairs. Adults in Ireland are recorded as being uniformly

11-16 mm, excluding antennae and cerci) at final

macropterous (Costello 1988b) (Plate 52).

instar (Hynes 1977; Lillehammer 1988b; Elliott 2009).

67

Number of records

Map 20: The distributions of Brachyptera risi in Ireland.
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Illustration 17: Dorsal view of Brachyptera risi nymph.
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Plate 53: Nymph of Brachyptera risi (Photograph credit:

Plate 54: Macropterous adult of Brachyptera risi

Jan-Robert Baars).

(Photograph credit: Jan-Robert Baars).

Brachyptera risi

69

Morton, 1896
Occurrence: common

Nymphs: autumn, winter, spring

Distribution: widespread

Adults:

spring

Distribution, habitat & water chemistry
associations

from March to July, but occasionally occur as early

Brachyptera risi is common in many parts of the country

Europe, a long flight period from February to June

especially in the east, southwest, northwest and Slieve

has been found (Brinck 1949; Ravizza and Fochetti

Bloom Mountains in counties Laois and Offaly (Map

1999). Nevertheless, local emergence patterns will

20). It seems to be more restricted in the western

depend on average water temperatures, which will

areas of the country where it is confined to soft, more

relate to altitude (Brinck 1949, Ravizza and Fochetti

productive streams and rivers. Generally, this species

1999). Males live for 26 to 46 days, while females live

is found at high altitude (Baars and Kelly-Quinn 2006).

for 33 to 70 days (Elliott 1988d). Females generally

Nymphs also tend to be abundant where found,

lay between one to four batches of eggs averaging at

especially in acid-sensitive catchments (Feeley et

approximately 900 eggs (range: 271-1402) (Elliott

al. 2011; Feeley 2012; Feeley and Kelly-Quinn 2014),

1988d). Adult males and adult females range from

occurring in gravel and coarse sediments amongst

7-10 mm and 8-11 mm (excluding antennae and cerci),

course particulate matter and woody material.

respectively (Hynes 1977; Elliott 1988d).

McGarrigle et al. (2002) has described this species
as highly sensitive to organic enrichment.

Life history

as February (Khoo 1964; Hynes 1977). Elsewhere in

Feeding
The nymphs of B. risi are often described as collectorgatherers or scrapers (Hynes 1941, 1976, Brinck

Studies in Ireland indicate that this species is

1949, Lillehammer 1988b, Graf et al. 2002, 2009;

univoltine, with nymphal populations occurring from

Fengolio et al. 2009). A range of European studies has

September and October to March and occasionally

described varying diets among different populations

early April (Frost 1942; Smith et al. 2000). In Britain,

with a wide range of prey items recorded such as

eggs are estimated to take 120 to 190 days to hatch,

fine particulate organic matter, diatoms, algae,

depending on temperature (2-26°C) (Elliott 1988d).

periphyton and even animal matter (Hynes 1941,

Khoo (1968b) found that eggs could undergo a

1976, Brinck 1949, Lillehammer 1988b, Fenoglio et

diapause for two to three and a half months at an

al. 2009). The presence of animal remains suggests

early stage in their development but Elliott (1988d)

occasional necrophagous behaviour or accidental

could not confirm if development ceased at lower

ingestion (Fenoglio et al. 2009). Adults usually feed

temperatures and concluded that it may only occur

on lichens and algae (Hynes 1942; 1977). No published

under certain environmental conditions. Nymphs are

information is available for Irish populations.

approximately 0.65 mm (excluding antennae and cerci)
upon hatching (Elliott 2009). The majority of nymphal

Other notes

growth then occurs rapidly during the colder months

Brachyptera risi (Illustration 17, Plate 53) is the only

of winter (Khoo 1964; Hynes 1970), in contrast to most

member of the Taeniopterygidae found on the island

other stonefly species in Ireland. Adult emergence

of Ireland and nymphs are easily distinguished by the

occurs from February to April, but may be extended

elongated plate-like structure (or sternum) found on

to late May in small streams. As a result, nymphs may

the ventral surface at the posterior end of the abdomen

be completely absent from May to October, when

(9th segment). Their ventral side is also much paler in

the warmest temperatures occur (Elliott 1988d).

colour in comparison to its dorsal side, in contrast to

Both male and female nymphs range in size from 7-11

all other stonefly species in Ireland. Despite its genus

mm, excluding antennae and cerci (Hynes 1977) and

name (i.e. Brachyptera meaning short winged) adults

the number of instars is roughly the same (12-13)

in Ireland have been recorded as being uniformly

for both sexes (Elliott 2009). In Great Britain, B. risi

macropterous (Costello 1988b) (Plate 54).

adults have a maximum lifespan of about two months,
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Glossary
A

Cobble: stone larger than a pebble and smaller than

Abdomen: third (of three) major body regions

a boulder.

of insects.

Collector-gatherers: aquatic animals that gather small

Abiotic: physical rather than biological; not derived

particles of organic matter from the sediment.

from living organisms.

Conspecific: belonging to the same species.

Acidic (also Acidified): having a pH below 7. In

Copulation: See Mate.

freshwaters these conditions can be toxic to certain

CPOM: coarse particulate organic matter (e.g. leaf

species. Also see Episodically acidic.

material) > 1 mm.

Allochthonous: originating or formed in a place other

Cryptic: unusual, unknown or taxonomically hidden

than where found, i.e. terrestrial plant material in

species or aspects of a species behaviour, life cycle

a stream.

or genetics.

Altitude: the height of a point in relation to sea level.

Cuticle: the external skeletal structure of an insect

Anterior: located near or toward the head.

composed of chitin and protein.

Autochthonous: produced within a system, i.e. algae
within a stream.

d

Autecology: the branch of ecology that deals with the

Desiccation: the process of drying out (i.e. the removal

biological relationship between a species and

of water) when exposed to air.

its environment.

Detritivore: an organism whose diet is of organic

b

detritus of plant or animal origin.
Detritus: dead and decomposing plant or animal

Batch: see Clutch.

material.

Bioindicator: an organism used as an indicator of

Diapause: see also Dormancy and Quiescence. A

the quality of an ecosystem, especially in terms of

period of suspended development especially during

pollution.

unfavourable environmental conditions (e.g. cold spell).

Biomass: the total quantity or weight of organisms in a

Diatom: a unicellular form of algae.

given area or volume.

Diel activity: of or relating to a 24-hour period (i.e.

Biotic: relating to or resulting from living organisms.

daily cycle) of the physiology or behaviour of an

Bivoltine: two generations completed in a single year.

organism.

Brachypterous (also Brachyptery): short or reduced

Dispersal: the action or process of insects distributing

wings, with wing length being noted relative to

or spreading over a wide area (e.g. moving between

the abdominal apex. See also Macopterous and

river catchments).

Micropterous. In the insects it usually means that both

Distal: at or toward the end of a structure.

pairs of wings are reduced and consequently, the insect

Dormancy: see also Diapause and Quiescence.

may be unable to fly. See Plate 11, page 10 for example.

A period in an organism’s life cycle when growth,

c

development, and physical activity are temporarily
stopped.

Cannibalism: is the act of one individual of a species

Dorsal: pertaining to the top or upper surface.

consuming all or part of another individual of the same

Drumming (also Drum): the production of percussion

species as food. See Plate 21, page 14 for example.

like vibrations. It is produced by rubbing or striking

Carnivorous: See Predator.

the distal, ventral section of the abdomen on the

Cerci: a pair of small appendages at the end of the

underlying substrate. See Figure 1, page 19

abdomen of some insects (commonly called ‘tails’).

for examples.

Clutch: also see Batch. Refers to a number of eggs laid
at a single time. More than one clutch or batch may be
laid over a period of time. See Plates 19 and 20, page 12
for examples.

e

i

Ecdysis: also see moulting. The casting off of the larval

Imago: the final and fully developed adult stage of an

exoskeleton (or skin) between nymphal stages and

insect, typically winged. Plates 11, 12, 13, 14 and 15,

between final nymph stage and adult. See Plate 1, page

page 10 for examples.

8 for example.

Intraspecific: produced, occurring, or existing within a

Ecology: the relationships of organisms and

species or between individuals of a single species.

their environment.

Interspecific: existing or occurring between

Ecosystem: all of the component organisms of a

different species

community and their environment.

Interstitial: pertaining to the space in between the

Emergence (also Emerge): transformation from

substrate.

aquatic nymph to terrestrial adult stage.

Instar: a phase between two periods of moulting in the

Episodically acidic: periodically having a pH below 7.

development of an insect larva or nymph.

In freshwaters these conditions can be toxic to certain
species. Also see Acidic.
Eutrophic: an aquatic environment rich in nutrients

l

and biological productivity.

Lateral: of or relating to the side.

Exuviae: the remains of an insect’s exoskeleton (or

Lentic: of or pertaining to, or living in still waters (i.e.

skin/cuticle) after moulting. See Plates 8, 9 and 10,

lakes, ponds and wetlands).

page 9, for eamples.

Leuctrid: a member of the Leuctridae family.

f

Life cycle: the series of set changes undertaken by an
organism during its lifetime. See illustration 1, page 6

Fecund: also see Fecunidity. Capable of producing

for stonefly life cycle.

many offspring.

Life history: the variation in the series of set changes

Fecundity: the quality of being fecund; i.e. the capacity,

undertaken by an organism during its life cycle.

especially in female animals, to produce offspring in

Littoral: relating to or situated on the shore of a lake.

great numbers.

Lotic: of or pertaining to, or living in flowing water (i.e.

FPOM: fine particulate organic matter > 5 µm and

streams and rivers).

< 1 mm (e.g. leaf material).

g

M
Macrophyte: aquatic vascular plants.

Generation: the interval of time between the birth of

Macropterous (also Macroptery): having long or

parents and the birth of their offspring.

large wings. See also Brachypterous and Micropterous.

Gene flow: is the transfer of genes from one population

In insects it usually means that both pairs of wings

to another.

overlap or extend beyond the abdominal apex. See

Genome (also Genomic): the complete set of genes or

Plates 13, 14 and 15, page 10 for examples.

genetic material that makes up a cell or organism.

Mate (also mating): the act of reproducing sexually,

Gravel: a loose aggregation of small water-worn

breeding, copulation or egg fertilisation. See Plates 17

stones.

and 18, page 12 for examples.

Grazer: see Scraper

Merovoltine: one generation completed in three

h

or more years.
Mesonotum: top or dorsal area of mesothorax.

Hatch (also Hatching): to come forth from an egg.

Mesosternum: bottom area of mesothorax from which

Headwater: a tributary stream of a river close to or

middle pair of legs are attached.

forming part of its source, usually less than 5 m

Mesothorax: the second (middle) thoracic segment.

in width. See Plates 24b, c and d, page 21 for examples.

Metamorphosis: series of changes an insect passes

Hemimetabolous: refers to an insect that has no pupal

through during development from egg to adult.

stage in the transition from larva to adult.
Herbivore: a plant feeder, specifically of living
plant tissue.

71
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Metanotum: top or dorsal area of metathorax.

Permian Period: period of time which lasted from 299

Micropterous (also microptery): abnormally small

to 251 million years ago and was the last period of the

wing-development. See also Brachypterous and

Paleozoic Era.

Macropterous. In the insects it usually means that both

Photoperiod: the period of time each day during which

pairs of wings are severly reduced or underdeveloped

an organism receives daylight; usually refers to

and consequently, the insect is unlikely to be unable

day length.

to fly. See Plate 12, page 10 for example.

Phylogenetic (also phylogeny): the evolutionary

Mitochondria (also mitochondrial): an organelle

history of an organism or genetically related group

found in large numbers in most cells. Responsible for

of organisms.

the biochemical processes of respiration and

Plastic: exhibiting adaptability to change or variability

energy production.

in the environment (e.g. temperature).

Molting: the formation of a new cuticle or exoskeleton

Plurivoltine: more than one generation completed

(or skin) followed by ecdysis. See Plate 1, page 8

per year.

for example.

Polymorphism: a discontinuous genetic variation

Morphological: the form and structure of an organism

which results in the occurrence of two or more forms

or any of its parts.

or types of individuals within a single species.

n

Posterior: located near or toward the rear.
Predator (also Predacious): an animal that naturally

Necrophagous: feeding on corpses.

preys on others for food.

Nemourid: a member of the Nemouridae family.

Pronotum: dorsal area of prothorax.

Nomenclature: the devising or choosing of names for

Protandrous: the appearance of male insects earlier in

things, especially in a science.

the season than females of the same species.

Nymph: larval stage of an insect which undergoes

Prosternum: ventral area of prothorax.

incomplete metamorphosis (i.e. no pupal stage). See

Prothorax: the first anterior thoracic segment of an

Plates 1, 2, 3 and 4, page 8, for examples.

insect, not bearing any wings or wing pads.

Nymphal: relating to the nymph stage.

o
Oligotrophic: an aquatic environment having a low
level of nutrients and biological productivity.

q
Quiescence: see also Diapause and Dormancy. A state
of inactivity or dormancy.

Omnivore: an animal that eats both living plant and

r

animal matter.

Rare: not common or found in large numbers.

Oviposition: the act of laying eggs.

Restricted: found in a limited number of locations.

Ovoviviparity: eggs remain within the female (i.e.

Riffle: a rocky, stony or shallow part of a stream or

unlaid) until they hatch or are about to hatch.

river where the water flows turbulently. See Plate 24b,

p

page 21, and page 23 for examples.
Riparian: the area parallel to, or relating to the banks

Palynivore: animal which selectively eats the

of, a river or stream. It is also considered the interface

nutrient-rich pollen produced by angiosperms and

between land and a river or stream.

gymnosperms. See Plate 16, page 11.
Paraproct: ventral plates on the last ventral

s

abdominal segment.

Scraper: aquatic animals that feed on algae found on

Parthenogenesis: reproduction without mating or

stones and other surfaces.

egg fertilization.

Semivoltine: one generation completed in two years.

Periphyton: a complex matrix of algae and microbes

Shredder: animals that feeds on coarse particles

(e.g. bacteria, fungi and diatoms) attached to

of organic matter (see CPOM).

submerged objects, such as rocks.

Species complex: a group of closely related species

Perlid: a member of the Perlidae family.

which are very similar in appearance, such that

Perlodid: a member of the Perlodidae family.

boundaries between them are often unclear and
taxonomically difficult to separate.

Spent female: A dead or dying female adult insect

v

exhausted from the completion of oviposition.

Ventral: pertaining to the bottom or underside.

Sphagnum: a genus of mosses containing
approximately 120 species commonly known as

w

peat moss.

Wing pads: the undeveloped wings of the immature

Stable isotope(s): an isotope that shows no tendency

stage (i.e. nymph) of an insect. See Plates 5 and 6,

to undergo radioactive decomposition. Used mainly

page 9 for example.

in dietary and dispersion studies to primarily identify
dominant foods ingested or migration patterns in

Z

animal populations. In ecology it usually relates to

Zoogeography: the geographical distribution

nonradioactive carbon and nitrogen nuclides but others

of animals.

(e.g. sulphur) are also used.
Sternum: a thickened ventral plate on each segment of
the abdomen of an insect.
Suborder: a taxonomic category that ranks below
order but above family.
Substratum (also substrate): the surface or material
on or from which an organism lives, grows, or obtains
its nourishment.

t
Tarsus (plural tarsi): the distal part of the leg in
stonefly which is subdivided into three segments with
two claws.
Taxonomy: the theory and practice of naming and
classifying organisms.
Tergum (plural terga): a thickened dorsal plate on
each segment of the abdomen of an insect.
Terrestrial: living on land or in the air, as opposed
to aquatic.
Thorax (also throacic): second (of three) major body
segments which contains the legs and wings of
an insect.
Top-down effects: when a predator controls the
structure or population dynamics of the ecosystem.
Trade-off: a compromise or balance achieved between
two desirable but incompatible features.
Trophic: the relative position in the food web in terms
of securing nutrients.

u
Unimodal: having one maximum or peak period of
adult emergence.
Univoltine: only one generation completed in a
single year.
Unmated: also see Mate. A male or female that has not
mated sexually.
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