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Emergence of Plecoptera in two lotic habitats in the Oulanka
National Park, northeastern Finland

K. Kuusela!

The samples of emerging stoneflies obtained using slit traps indicated a three-phase course of emergence : early spring
(two winter stoneflies), early summer (especially Perloidea) and autumn (a few abundant Nemouroidea), Early June and
middle August are recommended as the sampling periods for benthon as far as stoneflies for bio-index studies are concerned.

Emergence des Plécoptéres de deux habitats lotiques dans le Parc National Oulanka (Nord-Est de la Finlande).

Des Plécoptéres ont été capturés a I'émergence grace a un piége a fente. Trois phases d'émergences se succedent au
cours de I'année : début du printernps (deux Plécoptéres hivernaux), début de I'été (surtout des Perloidea) et automne {guel-
ques Nemouroidea abondants). Le début du mois de juin et la mi-aoit sont les meilleures périodes pour les prélevemnents
benthiques lorsqu’on veut utiliser les Plécoptéres pour des calculs d'indices biotiques.

1. — Introduction

The flight periods of stoneflies in Finland have
been summarized by Meinander (1965) using quite
miscellaneous source material. As he himself notes,
this makes the results incomplete. Also his monthly-
based timetable, although widely used (e.g. Brinck
1949, Mendl & Miiller 1974, Zwick 1977), makes this
kind of description superficial, even though it does
reveal the major latitudinal differences. It is impor-
tant to know about this spatial variation, of course,
because the correct timing of benthon sampling is
a question of time and money in monitoring inves-
tigations, and Plecoptera is one of the key taxa in
many bio-index methods (see Persoone & De Pauw
1979) adopted in such studies.

The present work is based on material from two
lotic habitats. The aim is to present faunistic results
and the seasonal course of emergence in general, as
shown by five years sampling, and to examine the
applicability of this to benthic studies.
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2. — Study areas

The work has been taking place close to the
Oulanka Biological Station (66° 22'N, 29° 18’E). Two
different habitats, which are in a good natural state,
are included : the main river Oulankajoki, and a tri-
butary, the small stream Rytipuro. The study loca-
tions are 2.4 km apart.

Oulankajoki is 50-100 m wide in its riffle areas,
the daily discharge values ranging between
4.5-350 m?¥sec {(Hyvirinen & Gtirer 1976). The water
is very soft (approximately 1° dH), neutral and fairly
clear (only at spring floods and summer high water
is 50 mgPt/l exceeded) (Myllymaa 1979). The subs-
trate at the site consists mainly of boulders and
large stones. The Pinus forest extends to the banks
of river, where deciduous plants grow in a narrow
band. The autotrophy of the river, however, finds
its expression in the meagre littoral vegetation and
mosses (Fontinalis spp.) and the filamentous algae
on the rocks.

Rytipuro is 1-2m wide and very shallow, with
many alcoves and hollows in its stony bottom. The
stream can dry up temporarily, as it did in the warm
summer of 1980. Its drainage area is 3.6 km?, inclu-
ding a small lake of approx. four hectares in its head-
waters, and its total drop is 100 m. The gradient at
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the site itself is 3 %. The forest canopy shades the
stream completely. Heterotrophy is thus apparent,
particularly as there is no macroepiphyton on the
stones. The water is rather similar to that of the
main river.

The weather conditions are rather well characte-
rized by the following parameters, calculated from
data for Kuusamo (Anon. 1978-1982), 45 km further
south. The deviations of the monthly mean tempe-
rature in June from the normal mean (11.5° C during
1931-60) were — 0.5, + 1.0, + 4.0, — 1.5and — 4.5° C
in the years concerned, and the effective tempera-
ture sums (sums of degrees over 5° C in the daily
mean) at the end of June and for the whole year
were : 233.8/698.4, 269.3/870.7, 365.4/915.2, 221.6/
757.4 and 116.6/664.4° C. The value for June corre-
lates well with the temperature deviation. The con-
sistent differences between the sums for June and
for the whole season, on the other hand, indicate
that the temperature conditions during the rest of
the summer were fairly similar each year.
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3. — Material and methods

Two slit traps, as described by Kuusela & Pulkkinen
(1978), were positioned on the bank at each site, and were
usually examined once or twice a week. The basic timeta-
ble unit used here is the week, however.

Floodwaters, reindeer and tourists caused occasional
damage to the traps, but this did not seem to have any
essential effect on the faunistic results, even though it must
have reduced the total numbers recorded. Since the periods
of work of the research assistants at the Oulanka Biologi-
cal Station changed yearly, the starting and finishing times
of the sampling were not uniform. The material of 3 504
stoneflies (listed on a yearly basis in Table 1) was trapped
in 1978-82 as follows : 22.5.-16.11.1978, 28.5.-30.10.1979,
27,5.-20.10.1980, 5.5.-14.10.1981 and 2.6.-20.9.1982. The sam-
pling periods (1-25) are combined to start from the fifth
of May onwards.

4. — Results

Faunas and communities

A total of 21 species were identified (Table I), and
the increment in species after the first year (which

Table I. — Species list and numbers of stoneflies caught each year and in total from the habitats studied.
O = Oulankajoki, R = Rytipuro, N = number of individuals, S = number of species, §, = total
number of species reached after each year.

1978 1979 1980 1981 1982 TOTAL
0 R 0 R 0 R 0 R 0 R 0 R

Taeniopteryx nebutosa (L.) 15 15

Capnia atra Mort. 7 16 4 4 6 | 797 1 3 811 27

Leuctra hippopus (Kempny) 41 13 18 3 35 21 24 11 ] 191 84

Isoperla difformis (Klap.) 53 2 12 9 2 76 2

Diura nanseni (Kempny) 38 6 1 45

Capnopsis schilleri (Rost.) 1 18 2 15 1 4 10 2 50

Diurs bicaudata (L.) EL 2 11 3 1 2 58 5

Nemoura flexuosa Aub. 8 1 2 18 29

Nemoura avicularis Mort. 35 1 ) 7 2 1 41 9

Siphonoperla burmeisteri (Pict.) 26 9 32 2 5 74

Isoperia grammatica (Poda) 8 1 3 4 1 11 27 1

Isoperia obscura (Zett.) 28 1 12 9 3 3 1 57 109 5

Nemoura sahlbergi Mort. 1 1% 18 41 13 88

Amphinemura borealis Mort, 13 3 11 7 23 57

Nemoura cinerea (Retz.) 3 36 29 48 60 16 69 19 242

Nemurella picteti Klap. 3 1 1 5

Protonemura intricata Ris 3 2 3 21 29

Amphinemura standfussi Ris 311 295 1 69 23 699

Leuctra fusca (L.) 338 2 1170 2 7 3 |152 2 20 687 9

Leuctra digitata Kempny 2 2 2 1 4 3

Xanthoperla apicalis (Newman) 1 1

N 735 416 254 358 63 1u4 1015 243 150 126 2217 1287
S 13 14 12 11 5 12 15 12 10 7 16 16
17 19 19 21 21 21

St
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gave 17) was low. Even the poorest year gave 15
species.

The habitats are identical in species number (16),
but the communities differ markedly, with many
species having a considerable or total preference for
one habitat or the other (Table I). Thus 7. nebulosa,
C. atra, all three Isoperla species, both Diura spe-
cies, S. burmeisteri, A. borealis and L. fusca are ‘river
species’, and C. schilleri, and three Nemoura species,
P. intricata and A. standfussi are ‘stream species’.

401

WEEKLY NUMBER OF STONEFLIES CAUGHT

1607 & 1978 8-—
\ .
]
|

Only L. hippopus may be said to be common to both
habitats.

General course of emergence

The weekly number of stoneflies caught varies
greatly within seasons and from one year to another.
Close scrutiny of Fig. 1, however, shows that there
are three active phases of emergence, in spring,
early summer and autumn.
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Fig. 1. General course of emergence of stoneflies each year, expressed as the weekly sum of individuals from
both habitats. The symbols on the time-scale indicate an effective temperature sum of 300° C.

The timing of the quite pronounced early summer
maximum varies within a range of over a month,
while the autumn maximum occupies an even lon-
ger period and is more irregular. Between these two
phases there is a conspicuous decline in July.

The timing of early summer peak tends to be rela-
ted to the temperature conditions after the spring
as seen in Fig. 1, and it is only in 1980 that the peak
is situated in the ‘wrong’ place as compared with
the mean temperature for June or the effective tem-
perature sum by the end of that moath.

Enrichment in species number

The number of species recorded increases rapidly
after May (Fig. 2), so that a total of more than ten
species is reached within the first three weeks of
June (except in 1982, the coldest summer). By the
middle of July at least 13 species have been trap-
ped every year, sometimes as many as 16. After sta-
tionary phase in the enrichment curves in July the
remaining third of the species start to emerge in
August.
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Comparison of the species increments in the two
habitats shows the actual numbers per habitat to
be smaller than in pooled material examined above
(only 6 to 13), but in relative terms the curves take
the same form as in Fig. 2.

Emergence of species

Fig. 3. presents the timetable of emergence for
each species, based on the presence-absence data.
As was expected from the number of individuals
(Fig. 1) and the enrichment of species (Fig. 2), there
exist a group of species which have a fairly concur-
rent start and short duration of emergence in June
(the cold summer of 1982 being reflected in the late
records for these early summer species). There are
also some species which emerge over long periods
of time, e.g. N. cinerea and A. standfussi.

The short type of emergence pattern is primarily
characteristic of the Perlodidae, while the more pro-
tracted pattern is proper to the Nemouroidea.

AUGUST|SEPT.

Fig. 2. Species increment in the course of sampling, an-
nually and in total (= pooled).

5. — Discussion

The samples yielded 21 out of the 34 species
known in Finland (Meinander 1980). I difformis and
P. intricata are new records for the biogeographi-
cal province of Kuusamo (Ks), where 25 species have
now been listed (cf. Meinander 1965). The enrich-
ment of species in the course of the study was rapid,
and even one year's sampling by this slit trap
method produced all 21 species recorded. It is quite
possible that the missing four species do not live in
the habitats studied. There are many other types of
habitat in the vicinity, however, so that migrating
stoneflies may sometimes enrich the species num-
ber. The method seems to be safe for qualitative
investigations at any rate.

Each of the habitats had one dominant species,
which emerged in August and September. A. stand-
fussi is generally known to live in streams with detri-
tus accumulations on the bottomn, as in Rytipuro (see
Brinck 1949, Kamler 1967, Lillehammer 1975), whe-
reas L. fusca inhabits rivers, where it feeds on auto-
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Fig. 3. Presence (+)of species in the pooled material by sampling period. The cold summer of 1982 is indicated
with a square in the right upper corner of the +. S = number of species.

trophic vegetation growing on stones (Hynes 1941,
Brinck 1949).

The communities differ markedly with respect to
their species assemblages. This is indicated also by
the proportion of predatory Perloidea : seven spe-
cies in Oulankajoki, accounting for 17,6 % of the
individuals, against four in Rytipuro (1 %). This
great majority of Nemouroidea in Rytipuro is in kee-
ping with the heterotrophic nature of this habitat.

If the spring emergence of T. nebulosa (an abun.
dant inhabitant of Oulankajoki, but not reliably sam-
pled here) is included, the stonefly communities
emerge in three phases. The clear passive period in
July is an exceptional phenomenon not mentioned
earlier in the literature. Thus the stonefly commu-
nities of Messaure (Mendl & Miiller 1974) and Lunz
(Zwick 1977) emerge in a single-peaked pattern, June
or July being the most active time in the former dis-

trict, depending on the type of habitat, and May or
July in the latter, depending on the year and stream.
In these cases, however, a passive period may be obs-
cured by the monthly basis of the timetables. Hints
of a midsummer decline are seen only in the mate-
rial of Kerst & Anderson (1974), if their diagrams
presenting species-specific results are combined.

Harper & Pilon (1970) describe a synchronous and
an extended emergence pattern. These types are con-
vincingly represented in this study, too.

The bulk of the species emerge synchronously in
June, when the peak in individual numbers is more
pronounced than in autumn, which features some
irregularities. Examination of the number of species
per week is insufficient to observe the three-peaked
course of emergence, the spring emergence drop-
ping out and the autumn phase becoming unclear.
Characteristically, the spring and autumn peaks
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consist of only a few species, but in great abundance.
The real form of the annual course of emergence
thus rest on the numbers of winter and autumn sto-
neflies. As has been experienced here, and by Illies
(1973) and Zwick (1977) in particular, stonefly popu-
lations show major annual variations, in addition
to which there exist the important question (not to
be answered here) of whether there would be any
stonefly species to replace T. nebulosa, A. standfussi
and L. fusca if these were absent from the habitats
studied here.

The prompt start of emergence in June and its
synchronized pattern imply that the photoperiod
may be an initiating factor. The timing of the early
summer peak was rather closely related to the tem-
perature conditions up until July, however, and cold
weather was seen to have a retarding effect, as also
described by Elliot (1967), Harper & Pilon (1970), Lil-
lehammer (1975), Kuusela (1976), for instance. These
two factors evidently interact, with the photoperiod
preventing the species from emerging too early in
spring or too late in autumn. As far as the autumn
species are concerned the problem is still very open
in general, however.

Stoneflies are nowadays accorded an essential sta-
tus as biological systems indicating the state of
watercourses (see Persoone & De Pauw 1979), and
it is usually important to record the number of spe-
cies from macrobenthon samples. Since most spe-
cies leave their habitat before July, whereas the win-
ter stoneflies will only be big enough to detect in
August, two sampling periods are needed in bio-
index studies : the early part of June and the middle
of August. In principle, it should be possible to
record all the stonefly species inhabiting the bottom
by sampling at these times. For the present this
recommendation as such is valid for the regional
purposes only, but the general principle obviously
also operates on a broader scale.
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