Ann. Limnol. - Int. J. Lim. 2008, 44 (3), 203 - 213

Distribution and ecology of the stoneflies (Plecoptera)
of Flanders (Belgium)

K. Lock, P.L.M. Goethals
Ghent University, Laboratory of Environmental Toxicology and Aquatic Ecology, J. Plateaustraat 22, 9000 Gent, Belgium.

Based on a literature survey and the identification of all available collection material from Flanders, a checklist is presented,
distribution maps are plotted and the relationship between the occurrence of the different species and water characteristics is
analysed. Of the sixteen stonefly species that have been recorded, three are now extinct in Flanders (Isogenus nubecula, Taen-
iopteryx nebulosa and T. schoenemundi), while the remaining species are rare. The occurrence of stoneflies is almost restricted
to small brooks, while observations in larger watercourses are almost lacking. Although a few records may indicate that some
larger watercourses have recently been recolonised, these observations consisted of single specimens and might be due to drift.
Most stonefly population are strongly isolated and therefore extremely vulnerable. Small brooks in the Campine region (northeast
Flanders), which are characterised by a lower pH and a lower conductivity, contained a different stonefly community than the
small brooks in the rest of Flanders. Leuctra pseudosignifera, Nemoura marginata and Protonemura intricata are mainly found in
small brooks in the loamy region, Amphinemura standfussi, Isoperla grammatica, Leuctra fusca, L. hippopus, N. avicularis and
P. meyeri mainly occur in small Campine brooks, while L. nigra, N. cinerea and Nemurella pictetii can be found in both types.
Nemoura dubitans can typically be found in stagnant water fed with freatic water. Sustainable populations of these stonefly species
can only be achieved when their present habitats are adequately protected and in addition, measures should be taken to connect
and enlarge the remaining populations.
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Introduction 1984). Recently, however, the Multimetric Macroin-
vertebrate Index Flanders (MMIF; Gabriels et al. 2006)
The main objective of the European Water Frame- was developed in order to meet the requirements of the
work Directive (EWFD) is to achieve a good ecological EWEFD. In both indexes, stoneflies are recognised as the
status of groundwater and surface water in Europe by most sensitive group of water invertebrates, which only
2015 (European Council 2000). For natural waters, this occur in waters with a high water quality.
objective is more specifically described as the attain- Despite their importance as water quality indicators,
ment of a good ecological and chemical status. The stoneflies have hardly received any attention in Flan-
ecological status of each type of water body has to be ders. In the present study, an overview of the available
defined based on near-natural reference conditions. literature is given, a checklist of the stoneflies occur-
The EWFD requires the use of biotic indicators, such ring in Flanders is presented, distribution maps for all
as macrobenthic fauna, fish fauna and aquatic flora, to species are plotted and the relationship between the
assess water quality. occurrence of the different species and the water char-
In the past, the Flemish Environment Agency used acteristics was analysed.

the Belgian Biotic Index (BBI; De Pauw & Vanhooren
1983), which has been adopted as a standard method for
assessing river water quality by means of macroinver- Materials and methods
tebrates by the Belgian Institute of Normalization (IBN
All available Plecoptera from Flanders and Brussels
were identified to species level using the identification
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collection was present in the Royal Belgian Institute for
Natural Sciences, where also the material of the Flem-
ish Environment Agency is conserved. Some smaller
collections were present at Antwerp University, where
the collection of the Flemish Entomological Society is
kept, in the Laboratory of Environmental Toxicology
and Aquatic Ecology at Ghent University and at the
Gembloux Agricultural University.

In the context of water quality monitoring by the
Flemish Environment Agency, macroinvertebrates
have been sampled at several thousand sampling points
since 1989. During monitoring, macroinvertebrates
are sampled using a standard handnet, as described by
De Pauw & Vanhooren (1983) and IBN (1984). With
the handnet, a stretch of 10-20 meters is sampled dur-
ing approximately five minutes. Sampling effort is
proportionally distributed over all accessible aquatic
habitats. This includes the bed substrate (stones, sand
or mud), macrophytes (floating, submerging, emerg-
ing), immersed roots of overhanging trees and all other
natural or artificial substrates, floating or submerged in
the water. Each aquatic habitat is explored, in order to
collect the highest possible diversity of macroinverte-
brates. For this purpose, kicksampling is performed. In
addition to the handnet sampling, animals are manu-
ally picked from stones, leafs or branches (De Pauw &
Vanhooren 1983). Conductivity, pH, oxygen content
and water temperature are measured at each sampling
point.

In Flanders, a typology of the watercourses has been
made by Jochems et al. (2002). The main separation of
the types is based on the catchment area and in addi-
tion, the watercourses in the polder area are separated
from the remaining watercourses and also the small and
large brooks of the Campine area are separated from
the small and large brooks in the rest of Flanders. The
different types of watercourses are listed in Table 2 and
a map of Flanders with indication of the ecoregions is
presented in Fig. 1.

To analyse the distribution, phenology and ecology
of stoneflies, literature data as well as all available data
from the collections and the water quality monitor-
ing data from the Flemish Environment Agency were
brought together in one dataset. However, only the
monitoring data could be linked to environmental vari-
ables. The Canonical Correspondence Analysis (CCA)
option from the program package CANOCO (Ter Braak
1988) was applied to determine which environmental
parameters might be responsible for the differences in
species composition. A log-transformation was applied
prior to the CCA to normalise the data.

Fig. 1. Map of Flanders with indication of the different ecoregions:
dune area (black), polder area (horizontal stripes), sandy region
(white), Campine region (dots) and loamy region (vertical
stripes).

Results

Despite their value as biological indicators of a good
water quality, hardly any data have been published about
the stoneflies in Flanders. De Selys-Longchamps (1888)
reported three species from the river Meuse: Isogenus
nubecula, Isoperla grammatica and Nemoura cinerea.
He also reported Protonemura lateralis from Rouge-
Cloitre in Forét de Soignes, close to Brussels, however,
this consisted probably of P. intricata, which is the
only species of Protonemura that could be confirmed
for this region. Lestage (1921) reported the presence
of exuviae of Taeniopteryx nebulosa from the Dommel
in Neerpelt. Although Lestage (1938a,b) observed that
these specimens had a variable number of processes
on the abdominal tergites, he could not believe two
different species occurred together. However, Aubert
(1950) indicated that T. nebulosa and T. schoenemundi
could occur together in Belgium and during the present
study it could be confirmed that the material collected
by Lestage (deposited in the Royal Belgian Institute of
Natural Sciences) consisted of specimens from both
species. Demoulin (1953) reported three species from
Schelderode: Nemoura cinerea, Amphinemura sulcicol-
lis and Protonemura species, however, A. sulcicollis
turned out to be A. standfussi, while no specimens of the
genus Protonemura could be found in the collection of
Demoulin (deposited in the Royal Belgian Institute of
Natural Sciences). Aubert (1956, 1957) summarised the
available Plecoptera data for Belgium and reported the
following species for Flanders and Brussels: Amphine-
mura standfussi, Nemoura cinerea, N. dubitans, N.
marginata, Nemurella pictetii, Protonemura intricata
and Isogenus nubecula. He also reported Marthamea
selysii, Isoptena serricornis and Xanthoperla apicalis
from Limburg, however, these records were actually
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from the Netherlands, which also contains a region
called Limburg. Grootaert & Verbeke (1983) found
Nemoura cinerea in Zedelgem. No stonefly observa-
tions from Flanders have been published recently.

For this study, 8931 stoneflies were identified: 524
adults, 132 exuviae and 8275 larvae. They represent 562
records of which only 147 date from before 1990 and
415 since 1990. Of the 16 species that were recorded for
Flanders and Brussels (Table 1), six were not previously
reported: Leuctra fusca, L. hippopus, L. nigra, L. pseu-
dosignifera, Nemoura avicularis and P. meyeri. L. pseu-
dosignifera is also a new species for the Belgian fauna.
In the capital region of Brussels, five species had been
reported: Nemoura cinera, N. dubitans, N. marginata,
Nemurella pictetii and Protonemura intricata, however,
the latter species was not observed since 1942. In the
remainder of this paper, the records from Brussels will
be treated together with those from Flanders.

Most stoneflies were found in small brooks and small
Campine brooks, while hardly any observations were
done in larger rivers (Table 2). In large brooks and pol-
der watercourses only one larvae of Nemoura cinerea
was ever found: in 1983 in the Demer and in 1982 in the
polders of De Haan, respectively. Also in large Camp-
ine brooks, only a few stoneflies were observed: in 1921
Taeniopteryx schoenemundi and T. nebulosa exuviae
were collected in the Dommel, in the Mangelbeek one
larvae of Amphinemura standfussi was caught in 2004,
in the Grote Nete five Nemoura avicularis larvae were
captured in 1979 and another one in 2005. In small and
large rivers, no stoneflies have ever been observed in
Flanders. In the only very large river in Flanders, the
river Meuse, Nemoura cinerea, Isogenus nubecula and
Isoperla grammatica were recorded in the nineteenth
century (De Selys-Longchamps 1888), but no Plecop-
tera were observed in the twentieth century, however,
one larvae of Leuctra nigra was captured in 2004.

Of the 16 species in Flanders, 3 species were not
observed since 1990: Isogenus nubecula, Taeniopteryx
nebulosa and T. schoenemundi (Fig. 2). The 13 remain-
ing species have a restricted distribution (Fig. 2). Most
stoneflies in Flanders have their main flight period dur-
ing spring (Table 3). Leuctra fusca is the only species in
Flanders which emerges exclusively in autumn, while
Taeniopteryx nebulosa and T. schoenemundi are already
adult in winter.

Stoneflies were mainly found in waters with a high
oxygen content (Fig. 3). Ubiquitous species such as
Nemoura cinerea and Nemurella pictetii could also live
in waters with somewhat lower oxygen concentrations,
however, no stoneflies were observed in waters with an

oxygen content under 4 mg.1"". Several species, such as
L. hippopus and P. meyeri, were mainly found in the
Campine region, where watercourses contained acid or
circumneutral water with a relatively low conductivity
(Fig. 3). Other species, such as N. marginata and P.
intricata, mainly occurred in the loamy region, where
watercourses contained alcalic water with a higher con-
ductivity (Fig. 3).

In a biplot of the sample scores and the environmental
variables, the first and the second axis had an Eigen-
value of 0.443 and 0.359, respectively. Conductivity
and pH explained most of the variance in the species
composition of the stoneflies, while the oxygen con-
tent was less important (Fig. 4). The samples from the
small Campine brooks, with on average a lower pH and
a lower conductivity were clearly separated from the
small brooks. Leuctra pseudosifnifera, Nemoura margi-
nata and Protonemura intricata were characteristic for
the small brooks in the loamy region, N. cinerea and
Nemurella pictetii were ubiquitous species that toler-
ated somewhat lower oxygen concentrations, while all
other species were characteristic for small Campine
brooks (Fig. 4).

Discussion

Using the categories proposed by the IUCN Species
Survival Commission (JUCN Species Survival Com-
mission 1994) and adapted for Flanders (Maes et al.
2003, Maes & Van Swaay 1997), the stoneflies were
divided into categories according their rarity. Of the 16
species that have been reported (Table 1), three species
are extinct in Flanders: Isogenus nubecula has not been
observed since it was recorded by De Selys-Long-
champs (1888), Taeniopteryx schoenemundi was last
found in 1921 and T. nebulosa has not been observed
since 1982. Most of the remaining species are very rare
and occur in less than two percent of the 5*5 km UTM
squares. Nemoura marginata and Nemurella pictetii are
somewhat more common, but are still rare, occurring in
less than five percent of the squares. The most common
species in Flanders is Nemoura cinerea, however, even
this species is fairly rare as it occurs in less than 15
percent of the squares. Insufficient historical data are
available to calculate trends and therefore, no red list
is presented. However, it is obvious that most remain-
ing stonefly species in Flanders are vulnerable, if not
endangered.

In the Netherlands, 27 species have been observed of
which 17 are now extinct in The Netherlands (Claes-
sens 1981, Koese 2008). Of the remaining species,
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Table 1. Checklist of the Plecoptera in Flanders.

“

Order Plecoptera
Suborder Arctoperlaria
Superfamily Perloidea
Family Perlodidae
Subfamily Isoperlinae
1. Isoperla grammatica (Poda 1761)
Subfamily Perlodinae
2. Isogenus nubecula Newman 1833
Superfamily Nemouroidea
Family Taeniopterygidae
Subfamily Taeniopteryginae

3. Taeniopteryx nebulosa (Linnaeus 1758)
4. Taeniopteryx schoenemundi Mertens 1923

Family Nemouridae

Subfamily Amphinemurinae
5. Amphinemura standfussi (Ris 1902)
6. Protonemura intricata (Ris 1902)
7. Protonemura meyeri (Pictet 1841)

Subfamily Nemourinae
8. Nemoura avicularis Morton 1894
9. Nemoura cinerea (Retzius 1783)
10. Nemoura dubitans Morton 1894
11. Nemoura marginata Pictet 1836
12. Nemurella pictetii Klapdlek 1900

Family Leuctridae

Subfamily Leuctrinae
13. Leuctra fusca (Linnaeus 1758)
14. Leuctra hippopus Kempny 1899
15. Leuctra nigra (Olivier 1811)
16. Leuctra pseudosignifera Aubert 1954
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Table 2. Number of records in each of the eight river types that were recognised in Flanders (Jochems et al., 2002).

River type: l\aiiga L.arge Small Large  Small C]z;;rsiene Cirlr?;ﬂle i/(:tif
river river  river  brook  brook brook brook course

Catchment area (km?): > 10000 l?)%(())_() 36%(())_ 50-300 <50  50-300 <50 appll\ilgztible

Amphinemura standfussi 2 1 23

Isogenus nubecula

Isoperla grammatica 10

Leuctra fusca

Leuctra hippopus

Leuctra nigra 1 15 13

Leuctra pseudosignifera 3

Nemoura avicularis 2 51

Nemoura cinerea 1 1 86 122 1

Nemoura dubitans 20 3

Nemoura marginata 79

Nemurella pictetii 32 52

Protonemura intricata 18

Protonemura meyeri 4

Taeniopteryx nebulosa 1

Taeniopteryx schoenemundi 1

Total number of species 4 0 1 8 4 11 1

nine are threatened while only one species (Nemoura
cinerea) is considered as currently not under threat
(Bal et al. 2001). From the species that are extinct in
Flanders, Isogenus nubecula was last observed in the
Netherlands in 1936 and Taeniopteryx nebulosa has not
been reported there since 1954, while T. schoenemundi
has never been observed in the Netherlands (Claessens
1981). Also from Wallonia these species have not been
reported recently, however, this may be due to a lack of
recent data for this region. Recolonisation of Flanders
by these species will thus be difficult.

The fact that only 10 stonefly species still survive in
the Netherlands of the 27 species that used to live there,
indicates that almost certainly more than 16 species
once occurred in Flanders. However, due to the lack of
historical records, a lot of species were probably already

extinct before they were ever identified. Species such
as Marthamea selysii and Xanthoperla apicalis, which
occurred in the river Meuse in the Netherlands as well as
in Wallonia (Aubert 1956, Claessens 1981), undoubtly
also lived in the Flemish part of the river Meuse.

Because the network of the Flemish Environment
Agency is very elaborate, it can be assumed that the
maps give a good idea of the present distribution of the
stonefly species. One exception might be N. dubitans,
which typically can be found in stagnant water fed
with freatic water. This type of waters is not monitored
routinely by the Flemish Environment Agency and
therefore, this species has probably a somewhat larger
distribution than indicated.

The occurrence of stoneflies in Flanders is almost
restricted to small brooks and small Campine brooks,
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Fig. 3.Box & Whisker plots of oxygen concentration, conductivity and pH in the watercourses containing Amphinemura standfussi (As, N=13),
Isoperla grammatica (1g, N=6), Leuctra fusca (Lf, N=5), L. hippopus (Lh, N=3), L. nigra (Ln, N=16), L. pseudosignifera (Lp, N=2), Nemoura
avicularis (Na, N=42), N. cinerea (Nc, N=92), N. marginata (Nm, N=53), Nemurella pictetii (Np, N=42), Protonemura intricata (Pi, N=15)
and P. meyeri (Pm, N=2).



210 K. LOCK, PL.M. GOETHALS

o
o o o
Nemurella pictetii
o
° o
e ] & &
. ¢ 00 g Nepouraciperea
. o o B° & 5
i - 4
.o * e . oD o
o .
0 a g © Lo o )
oe o
.
o
~ : Dn op = -
o og o N 3
8 o o Leuctra hippopus
2 % B9089.on . )l
< og ¢ Leugtm nigra
v oo o® ©o  Isoperla grammatica
Ne marginata oo oo :
o ' o %o . nu = Protonemura meyeri
. . N
Protonemura intricata Leuctra pseudosignifera odo
o Nemoura avicularis
8 oo é
o
L ]
L ]
o
Amphinemura standfussi
Leuctra fusca

Axis 1

®)
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Table 3. Number of larvae (L), exuviae (E) and adults (A) of each species that were recorded during each month of the year.
1 2 3 4 5 6 7 8 9 10 1 12
Amphinemura standfussi L 6 27 130 72 1 6 1 1
A 24 1
Isogenus nubecula A 2
Isoperla grammatica L 4 16 1 5 2
A 4
Leuctra fusca L 14 17 2
A 4
Leuctra hippopus L 7 14 42
A 6 10
Leuctra nigra L 39 178 6 9 9 88 7
E 1 3 2
A 14 24 8 3
Leuctra pseudosignifera L 1 1
A 2
Nemoura avicularis L 26 16 1 2 24 79 35 179 159 161
E 5 1 1 1 1 1
A 15 8
Nemoura cinerea L 50 13 1020 1923 865 64 3 1 3 3 244 17
E 7 9 23 54
A 2 99 49 31 1
Nemoura dubitans L 4 5 10
E 1
A 1 17 2
Nemoura marginata L 8 27 397 15 54 36 5 26 90 152
E 3 1 1
A 69 40 31 2
Nemurella pictetii L 10 2 16 255 23 104 19 256 29 22 71
E 1 1 1 2
A 4 17 2 13 1 4
Protonemura intricata L 92 758 33 12 2
A 1
Protonemura meyeri L 1 4 10
A 8
Taeniopteryx nebulosa L 3
E 4
Taeniopteryx schoenemundi E 8
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while the water quality of larger watercourses seems to
be too bad to allow the occurrence of stoneflies. Recently,
stoneflies were observed again in larger watercourses
such as the Mangelbeek, the Grote Nete and the river
Meuse, however, each observation consisted of only
one larvae, which might indicate that their occurrence in
these watercourses is due to drift. The reappearance in
larger rivers is a still a hopeful sign because it indicates
that these watercourses can be recolonised when these
watercourses obtain a good water quality. However,
most remaining stonefly populations are especially vul-
nerable since they are restricted to springs located in
isolated forest remnants. Species that are restricted to
large streams, such as Isogenus nubecula, do not stand
a change in Flanders. Zwick (1992) even reported that
all potamal species in Central Europe are either extinct
or extremely endangered.

Less oxygen is soluble in warm water compared to
cold water and species developing during summer are
therefore especially vulnerable to pollution. In Flanders,
the only species of which the main growth period of
the larvae takes place during summer, is Leuctra fusca.
However, this species is on the verge of extinction in
Flanders as it is restricted to the Zwarte Beek, a small
Campine brook. Apart from L. fusca, also larvae of the
ubiquitous species Nemurella pictetii are often active
during summer. However, N. pictetii can be partly biv-
oltine (Nesterovitch & Zwick 2003), as reflected by the
two activity peaks in April and August, which might
explain why this species is still relatively abundant.

Conclusion

Flanders is densely populated and sewage sludge only
partly passes through water treatment plants before it is
discharged, while the intensive agriculture also causes a
heavy pressure. In order to obtain a good water quality
in all water bodies, which should be the case by 2015
according to the EWFD, there is still a lot of work to be
done. At the moment, most attention is focused on the
watercourses with the poorest water quality, however,
ameliorating water quality from bad to poor or moder-
ate will not help populations of sensitive organisms such
as stoneflies. A first step should be to protect the sites
which still have a high water quality and contain sensi-
tive organisms. In addition, most suitable habitats are
now isolated and therefore populations are extremely
vulnerable to extinction, while recolonisation is hardly
possible. Once a species is extinct in Flanders, it is now
unlikely it will be able to return because also in the
Netherlands and the northern part of Wallonia, stone-

flies are severely threatened. Therefore, also intentional
interventions are needed that are directed to the con-
nection of isolated populations by solving the present
bottlenecks that prevent the necessary expansion of the
remaining populations. It can only be hoped that the
EWFD will encourage the member states to undertake
the necessary steps to achieve an ecological quality that
is sufficient to support sustainable populations of sensi-
tive organisms such as stoneflies.
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