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winged stages of Metretopus alter Bengtsson, 1930, from those of M. borealis 

(Eaton, 1871) based on Fennoscandian material. The known records of both 
species in Finland and Sweden are mapped, and a recent record of M. alter 
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species are presented. The documented wide distribution of M. alter in 
Fennoscandia indicates that it previously has been confused with M. borealis. 
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1. Introduction 

Metretopus Eaton is a small Holarctic genus with 
one Palearctic and one Holarctic species (Berner 
1978). Together with the Nearctic genus Siphlo­
plecton, Metretopus was earlier placed in the 
family Metretopodidae (Berner 1978). We here 
follow Landa & Soldan (1985) and Hubbard 
(1990) and recognize Metretopodinae as a sub­
family of Siphlonuridae. In this view, anatomical 
characters of nymphs are given higher weight 
than wing vein patterns. 

Both Metretopus species occur in Fenno­
scandia. The Holarctic M. borealis (Eaton, 1871) 
has long been considered widespread in Scandi­
navia and Finland. The other species, M. alter 
Bengtsson, 1930, was described from northern­
most Norway. It was first recorded from Finland 
by Tiensuu (1939), and was later reported south 
to Kuusamo (Savolainen 1984, Savolainen & 

Saaristo 1984). Consequently, the occurrence of 
M. alter in northernmost Sweden was expected. 
Surprisingly, the species is widespread in Sweden 
and has previously been confused with M. borealis. 

Ulfstrand (1968) suggested that M. alter was 
conspecific with M. borealis. This view was later 
adopted by Olsson (1983). Without access to ma­
terial identified as M. alter, Berner (1978) cited 
the status of this species as doubtful. However, as 
will be shown below, the distinct morphological 
differences present in the two species, especially 
in male genitalia, make this view untenable. 

The presence of M. alter in Sweden was first 
confirmed when reared males from the small 
Vargbacken stream in the Vasterbotten province 
were studied (leg. A. N. Nilsson, det. M. Saaristo). 
Later Engblom and Lingdell established mor­
phological differences between nymphs of the 
two species and revised the Swedish material 
available. They are also responsible for the study 
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of environmental parameters in relation to occur­
rence of the two species. Finally, Savolainen 
revised and mapped the available Finnish Met­
retopus material. 

The aim of this study is to aid identification 
of the two species, document their distributions 
in Sweden and Finland, and to characterize their 
habitat preferences. We also want to stress the 
need for taxonomic studies in order to improve 
the use of mayfly species as indicators of envi­
ronmental changes. 

2. Material and methods 

The Swedish distributional records of the two 
Metretopus species chiefly come from 371 sam­
ples collected by Engblom and Lingdell. Addi­
tionally, material from Lapland (leg. S. Ulfstrand, 
coll. Entomological Museum, University of Lund) 
and Vasterbotten (leg. Nilsson & 0. SOderstrom) 
was studied. 

The study of habitat preferences was based 
on 5153 samples from all over Sweden registered 
in Engblom and Lingdell's data base. Excluding 
polluted or acidified (1211 samples) and season­
ally deviating samples (1208), Metretopus was 
found in 371 out of 2734 samples taken within 
the distributional range of the genus. Negative 
samples were chiefly from South Sweden or 
collected in lakes. 

The presented data on environmental variables 
were based on 233 records of M. borealis and 69 
records of M. alter (37 records were not identi­
fied to species). 

The following Finnish collections were ex­
amined: Kuopio Museum of Natural History, 
Zoological Museum of the University of Oulu, 
Zoological Museum of the University of Helsinki, 
and coll. H. Hamalainen. The examination in­
cluded the material described by Savolainen & 
Saaristo (1981: imagines only, and 1984 ), 
Savolainen (1984) and Savolainen & Pulkkinen 
(1987), whereas that described by Tiensuu (1939) 
and Bagge & Salmela (1978) was not examined. 
Altogether, 119 records of M. borealis and 31 
records of M. alter from Finland were mapped. 

Cover of mosses, algae and vegetation was 
estimated with an index that varies from 0 
(=absent) to 6 (continuous). Values from 1 to 5 

Figs. 1-2. Metretopus borealis (Eaton) - 1. Imago, 
rigth wings, dorsal aspect. - 2. Female subimago, 
head, posterodorsal aspect. -Scale bars 1 mm. 

refer to an increasing cover from very low to 
almost continuous. 

The phenology of M. alter was studied in the 
cold, small stream Vargbacken in the Vasterbotten 
province (64o25'N, 19°30'E, see Nilsson 1989 and 
Solem & Johansson 1991 for a general descrip­
tion). This stream has a maximum flow of 0.2 
m3/s and the bottom substrate is chiefly sand. It 
freezes to the bottom in some winters and is 
periodically dry in summer. The highest tem­
perature recorded in this stream was 14.1 °C, and 
in one year the maximum temperature was 10.TC. 

3. Identification 

Metretopus imagines are separated from other 
Fennoscandian siphlonurids by the addition of 
the following couplet to the key in SOderstrom & 
Nilsson (1986:114): 

2. Fore wing with two supplemental veins between Cu 1 

and Cu2 (Fig. 1). Neck with posterior projection 
emarginate (Fig. 2) .................................... Metretopus 
Fore wing without supplemental veins between Cu 1 

and Cu2• Neck with posterior projection truncate 
(Siph/onurus) ........ ....... ....... ..... .... ... .. .. ..... .............. ... . 2 

Metretopus nymphs differ from other Fenno­
scandian siphlonurids (and other Ephemeroptera) 
by the bifid protarsal claws. Bengtsson (1909) 
described the nymph of M. borealis. 

The two Metretopus species can be separated 
as follows: 
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M. borealis M. alter 
All winged specimens 

Caudal filaments pale: without darkened annulations with darkened annulations 

Male imago and subimago 
Lateral outline of penis: subparallel and apical lobes emar­

ginate (Figs. 3-4) 
strongly convex in distal half and with 
apical lobes rounded (Figs. 5-6) 

Female imago 
Subgenital plate: short and apically truncate (Fig. 7) long and apically rounded (Fig. 8) 
Postgenital plate with poste­
rior margin: laterally constricted (Fig. 7) subrectangular (Fig. 8). 

Nymphs> 4 mm 
Body colour pattern: distinct (Fig. 9) diffuse (Fig. 10) 
Abdominal segments 1-8: 
Femora: 

with dark lateral markings (Fig. 13) 
with dark markings (Fig. 9) 

without dark lateral markings (Fig. 14) 
without dark markings (Fig. 10) 

Fullgrown nymphs 
Body length: 
Apical lobes of protarsal claw: 

10-12 mm 
narrow (Fig. 11) 

12-14 mm 
broad (Fig. 12) 

Sternum 9: entirely dark or with extensive 
dark pattern (Figs. 15-16) 

at most with narrow submarginal 
dark bands (Figs. 17-18) 

Male nymphs with body length > 7 mm differ 
in shape of genitalia as described above for 
winged stages. 

Mature female nymphs are longer than those 
of males (1-1.5 mm longer in M. borealis; Barton 
1980). 

Eggs of M. borealis were described by 
Bengtsson (1913), whereas those of M. alter are 
unknown. 

4. Distribution and habitat preferences 

Metretopus borealis (Eaton) 

Heptagenia borealis Eaton, 1871:137 +pl. VI: 11. 
Metretopus norvegicus Eaton, 1901:254. 

The synonymy of M. norvegicus and M. borealis was 
first recognized by Brekke (1938). 

Distribution in Fennoscandia. Denmark: WJ. -Nor­
way: Os, HE, B, Fi (other provincial records not revised). 
-Sweden (Fig. 19): Sm, Vs, Hs-To.- Finland (Fig. 21): 
Ka, Ta, Sa, Tb-Li (except ObS and Le). This Holarctic 
species is transcontinental in North America south to 
Michigan and Maine (Berner 1978, Harper & Harper 1981). 
In Eurasia it is known from Fennoscandia to East Siberia 
and Kamchatka (Tshernova eta!. 1986). It is widespread in 

northern Fennoscandia and rarer to the south. In Denmark 
it is known only from four streams in Jutland (Jensen 
1969); it is also known from Balticum (Puthz 1978). 

In Sweden, M. borealis has a strong prefer­
ence for meandering rivers with sandy bottoms 
and an abundance of submerged fallen trees. Oc­
casional records were made from lakes. The 
species was often found in microhabitats with 
deposition of iron. The sites at which M. borealis 
were found are characterized in Table 1. 

The following plant taxa were overrepresented 
when occurring together with M. borealis: Cloro­
phyta, Batrachospermum, Sparganium, Pota­
mogeton, Ranunculus, Hippuris, Myriophyllum, and 
Utricularia. Insect species overrepresented together 
with M. borealis include: Ephemeroptera: Baetis 
subalpinus Bengtsson, Procloeon bifidum (Bengts­
son), Siphlonurus altematus (Say), S. lacustris Eaton, 
Heptagenia joernensis Bengtsson, Paralepto­
phlebia strandii (Eaton), Ephemerella ignita 
(Poda); Trichoptera: Oligostomis reticulata (L.), 
Ceratopsyche nevae (Kolenati). Moreover, the 
isopod Asellus aquaticus Linnaeus and the may­
flies Leptophlebia vespertina (L.) and L. marginata 
(L.) were significantly more often found together 
with M. borealis than with M. alter. 
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Lotic sites inhabited by M. borealis had sig­
nificantly higher pH, were wider, and had larger 
cover of algae and vegetation than other sites 
within its distributional range (Table 1). 

In south Finland most records of M. borealis 
originate from large lakes, whereas it to the north 
chiefly has been collected from rivers. 

Metretopus alter Bengtsson 

Metretopus alter Bengtsson, 1930:15. 

Distribution in Fennoscandia. Norway: TR, Fv. -
Sweden (Fig. 20): Hr-To. -Finland (Fig. 22): Ks, LkW, 
Li. Outside northern Fennoscandia this species has been 

Figs. 3-8 . Metretopus, 
imago and subimago. Top 
M. borealis (Eaton) , bot­
tom M. alterBengtsson. -
3--6. Male, apex of abdo­
men, ventral aspect. 3, 5 
subimago; 4, 6 imago. -
7-8. Female imago, ab­
dominal segments 7-9, 
ventral aspect. - Scale 
bar1 mm. 

recorded from the northern part of European Russia and 
Transbaikalia (Tshernova 1952, Tshernova et al. 1986). 
Besides the type locality (TR: Raavand) we know only one 
additional record from Norway (Fv: Alta, Gargiaelva, 
7.viii.l986, 4 nymphs, leg. H. HamaHiinen). In Finland it 
occurs south to about 66°N and in Sweden south to 62°N. 

Habitat preferences of M. alter in Sweden are 
indicated by the environmental variables listed 
in Table 1. The species has a strong preference 
for smaller streams with stony or sandy bottoms. 
It was often found in microhabitats with deposi­
tion of iron. 

The following plant taxa were overrepresented 
when occurring together with M. alter: Cloro­
phyta, Batrachospermum, Sparganium, Filipen-
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Figs. 9-12. Metre­
topus, mature nymph. 
- Left M. borealis 
(Eaton), right M. alter 
Bengtsson. - 9-10. 
Dorsal habitus.- 11-
12 . Protarsal claw, 
anterior aspect . -
Different scale bars for 
9-10 (right, 1 mm) , 
and 11-12 (left, 0.1 
mm). 

dula and Hippuris. Iwsect species overrepresented 
together with M. alter include: Ephemeroptera: 
Baetis fuscatus (Linnaeus); B. macani Kimmins 
(sensu lata), B. subalpinus Bengtsson, Siphlo­
nurus lacustris Eaton, Heptagenia joernensis 
(Bengtsson), H. orbiticola Kluge, Paralepto­
phlebia cincta (Retzius), Paraleptophlebia 
strandii (Eaton); Trichoptera: Oligostomis reti­
culata (Linnaeus); Plecoptera: Leuctra digitata 
Kempny. Nymphs of M. alter were occasionally 
found in stagnant pools dominated by the crus-

tacean Polyartemia forcipata Fischer. The 
stone flies Amphinemura sulcicollis (Stephens) 
and Diura nanseni (Kempny) and the caddis flies 
Rhyacophila nubila (Zetterstedt) and Plectro­
cnemia spp. were significantly more often found 
together with M. alter than with M. borealis. 

Lotic sites inhabited by M. alter had signifi­
cantly higher pH, conductivity and alkalinity, were 
significantly narrower and shallower, and had a 
lower water current and a clearer water than other 
sites within its distributional range (Table 1). 
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Figs. 13-18. Metretopus, mature nymph, abdominal 
segment. Left M. borealis (Eaton); right M. alter 
Bengtsson. -13-14. Segment 7, dorsal view. -15, 
17. Female, segment 9, ventral view. -16, 18 Male, 
segment 9, ventral view. 

In Finland, M. alter was collected in running 
waters of different sizes, but never in lakes. 

5. Phenology and life cycles 

Metretopus nymphs have in Fennoscandia been 
found from June to August. Soderstrom (1991) 
documented nymphal growth of M. borealis in a 
large northern river, in which nymphs occurred 
from early June to early August (cf. Olsson 1983). 
In Vargbacken, nymphs of M. alter were ob­
served from late June to early August. 

Winged specimens of Metretopus have in 
Fennoscandia been found in July and August. A 
single male of M. alter was collected as late as 5 
September in Oulankajoki, northern Finland. 
SOderstrom (in litt.) captured winged specimens 
of M. borealis in emergence traps from 18 July 
to 29 August in River Vindelalven. 

Our data support Soderstrom's (1991) con­
clusion that M. borealis in Fennoscandia is a 
univoltine summer species. Judging from pheno­
logy, M. alter has the same kind of life cycle. 
Mature nymphs of both species were found to­
gether at the same date in the stream Adalsan in 
the Medelpad province. 

Available data suggest that Metretopus in 
Fennoscandia overwinters in the egg stage. In 
Canada, however, there is an indication that 
nymphs of M. borealis may occur in winter (un­
published data of Daniel Soluk, cited in Clifford 
1982; see also Barton 1980). Harper & Harper 

Table 1. Range and mean (±SO) of selected environmental variables for running water sites with occurrence of 
Metretopus borealis (n= 104) and M. alter(n= 33), respectively. Columns A and B give significant differences(+ 
= higher, - = lower, t-test, P < 0.05) between means compared to: (A) other studied sites within a 50 km radius 
from sites where each species was present (n = 1053 forM. borealis and 692 forM. alter, respectively), and (B) 
sites where the other species was present. 

M. borealis M. alter 

Variable Range Mean± SO A 8 Range Mean± SO A 8 

Altitude m a.s.l. 25-790 344 ± 172 165-690 470± 115 + + 
pH 6.0(}-7.87 6.93± 0.37 + 6.5(}-7.90 7.15 ± 0.38 + + 
Conductivity J.t.S/cm 11.(}-88.0 34.7± 16.4 14.0-107.0 42.4± 22.4 + + 
Colour mg PVI 5-220 56±46 + 3-90 24± 19 
Alkalinity mekv/1 0.02-0.77 0.20 ± 0.16 0.05-0.83 0.28±0.19 + + 
Water current m/s 0.1(}-2.00 0.76 ± 0.40 0.1(}-1.50 0.69 ± 0.44 
Stream width m 1-100 13.4± 21.2 + + 0.8-16 5.1 ± 4.0 
Water depth m 0.1-2.0 0.5± 0.3 + 0.1-1.0 0.4± 0.2 
Moss cover (}-6 1.8 ± 1.6 0-6 1.5± 1.7 
Algal cover (}-5 2.4 ± 1.4 + + (}-6 1.7±1 .5 
Vegetation cover 0-6 1.2 ± 1.3 + (}-6 1.2±1.7 
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Figs. 19-20. Map of Sweden 
with known records of Metre­
topus borealis (Eaton), and M. 
alter Bengtsson. All records 
were made after 1950. 

Metretopus 
borealis 

(1981) recorded imagines in northern Canada 
from 20 June to 6 September, which indicates 
overwintering of both eggs and nymphs. 

Data from Vargbacken suggest that eggs of 
M. alter need a temperature close to lOoC to 
hatch. In the extremely cold summer 1987 
nymphs were first found on 14 July when the 
water temperature was 8.8°C (cf. Solem & 
Johansson 1991: table 1). The low abundance 
(only 5 nymphs found in 5 net samples taken 
every ten days) recorded that year may be due to 
the low water temperature that exceeded IOOC 
only briefly. M. alter nymphs were seemingly 
more abundant in the warmer years 1989-1990 
when the temperature exceeded 12°C during July 
and August with a maximum of 14.1 oC. In 1992 
nymphs were first found on 20 June when water 
temperature had reached 11.0°C. 

6. Discussion 

As nymphs of the two Metretopus species have 
not been distinguished in earlier studies, and M. 
alter in Sweden by some authors has been treated 
as conspecific with M. borealis, most previous 
literature records of M. borealis need to be re­
vised. Berner (1978: 133) mentioned that two fe­
males from Swedish Lapland identified by 
Ulfstrand as M. borealis lacked the emargination 
of the posterior margin of the subgenital plate. 
This provides a strong indication that they belong 
toM. alter. Our results also indicate that M. alter 
may have a wider distribution in Norway than 
currently documented. 

Demoulin (1951) suggested that nymphs from 
arctic Ural described by Esben-Petersen (1916) 
as Metretopus norvegicus Eaton instead repre-
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Figs. 21-22. Map of Finland with known records of Metretopus borealis (Eaton), and M. alter Bengtsson. Dots 
show records of which the excact locations are known, and stars show older records of which the exact locations 
are unknown. 

sented M. alter. Based on this assumption 
Demoulin (1951) gave some characters for the 
separation of nymphs of M. alter from those of 
M. borealis. These characters, which were based 
on a speculative comparison of published de­
scriptions, are of no taxonomical value. Most 
likely Esben-Petersen (1916) had mixed up his 
leg drawings (figs. 15b & 18b), i.e. the legs 
attributed to Metretopus in fact represent Para­
meletus. 

On the other hand, the differences in body 
length and shape of pro tarsal claws between ma­
ture nymphs of the two species given by 
Tshernova (1952) were validated by our study. 
The translation ofTshernova's description of claw 
characters given by Berner (1978: 130) is some­
what misleading, as it is the relative length of the 
apical lobes and not of the "terminal spines" that 

differs. Moreover, the claw from an Alaskan 
nymph identified as M. borealis illustrated by 
Berner (1978:fig. 43) is more or less identical 
with those we have seen of M. alter. This pro­
vides an indication that M. alter may occur also 
in North America. 

The occurrence of the two Metretopus species 
in Sweden suggests that they are sensitive to 
both pollution and acidification. Metretopus 
nymphs have in Sweden been found in water 
with a pH of 5.1 and higher (Engblom & Lingdell 
1987); records below pH 6 are rare. Local 
extinctions of M. borealis in combination with 
increasing acidification of streams have been 
documented in the Swedish Jiimtland and Harje­
dalen provinces (Engblom & Lingdell unpub­
lished). Colonisations of acid streams after lime 
deposition on surrounding wetlands have also 
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been observed in the same region. As acidifica­
tion of small streams occurs at an earlier stage at 
high altitudes, this threat is seemingly more severe 
forM. alter than forM. borealis. 

In average, nymphs and winged specimens of 
M. alter have in Sweden been collected one or 
two weeks later than those of M. borealis. This 
difference was seemingly chiefly due to the more 
northerly distribution of M. alter in combination 
with its stronger preference for higher altitudes. 

Acknowledgements. Dr M. Saaristo, Turku, provided 
valuable help in recognizing the presence of M. alter in 
Sweden. Engblom and Lingdell thank the National Swed­
ish Environmental Protection Board and the National 
Swedish Board of Fishery for financial support. Dr 0. 
SOderstrom, Umea, kindly put at our disposal specimens 
and information. 

References 

Bagge, P. & Salmela, V.-S. 1978: The macrobenthos of 
the River Tourujoki and its tributaries (Central Finland). 
I. Plecoptera, Ephemeroptera and Trichoptera. -
Notulae Entomol. 58:159-168. 

Barton, D. R. 1980: Observations on the life histories and 
biology of Ephemeroptera and Plecoptera in north­
eastern Alberta. - Aquatic Insects 2:97- 111 . 

Bengtsson, S. 1909: Beitrage zur Kenntnis der pala­
arktischen Ephemeriden.- Acta Univ. Lund. (N.F). 
Afd . 2, 5(4):1-19. 

Bengtsson, S. 1913: Investigations of the eggs of Ephe­
meridae. (In Swedish) - Entomol. Tidskr. 34:271-
320 +pis. 1- 3. 

Bengtsson, S. 1930 (1928): Beitrag zur Kenntnis der 
Ephemeropteren des Nordlichen Norwegen.- Tromso 
Museums Arshefter. Naturhist. Avd. (I) 51(2):1 - 19. 

Berner, L. 1978: A review of the mayfly family Metreto­
podidae.- Trans. Amer. Entomol. Soc. 104:91-137. 

Brekke, R. 1938: The Norwegian mayflies (Ephemero­
ptera).- Norsk Entomol. Tidsskr. 5:55-73. 

Clifford, H. F. 1982: Life cycles of mayflies (Ephemero­
ptera), with special reference to voltinism. - Quaest. 
Entomol. 18:15-90. 

Demoulin, G. 1951: A propos de Metretopus goetghebueri 
Lestage, 1938, et des Metretopodidae (lnsectes Ephe­
meropteres).- Bull. Inst. R. Sci. Nat. Bel g. 27(49): 1-
20. 

Eaton, A. E. 1871: A monograph on the Ephemeridae. Part 
I. The nomenclature of the Ephemeridae. - Trans. 
En to mol. Soc. Lond. 1871: 1-164 + 6 pis. 

Eaton, A. E. 1901: Ephemeridae collected by Herr E. 
Strand in south and arctic Norway. - Entomol. Mon. 
Mag. (2) 12:252-255. 

Engblom, E. & Lingdell, P.-E. 1987: [How protected are 
the aquatic invertebrates in the Swedish natural re­
serves? A study of the effects of acidification and 
pollution.] (In Swedish) - SNV Rapport 3349. 274 
pp. Solna. 

Esben-Petersen, P. 1916: Resultats scientifiques de !'expe­
dition des freres Kouznetzov a l'Oural Arctique en 
1909, sous Ia direction de H. Backlund. Ephemerida. 
(In English) - Mem. Acad. Imp. Sci. Petrograd 
28(12):1-12. 

Jensen, C. F. 1969: Baetis buceratus Eat. and Metretopus 
borealis Eat. new to Denmark (Ephemeroptera - may­
flies). (In Danish with English summary) - Flora og 
Fauna 75:129-134. 

Harper, F. & Harper, P. P. 1981: Northern Canadian may­
flies (Insecta; Ephemeroptera), records and descri p­
tions.- Can. J. Zool. 59:1784-1789. 

Hubbard, M. 1990: Mayflies of the world. A catalog of the 
family and genus group taxa (Insecta: Ephemeroptera). 
- Flora & Fauna Handbook No. 8. Sandhill Crane 
Press, Gainesville, Florida. 119 pp. 

Landa, V. & Soldan , T. 1985: Phylogeny and higher clas­
sification of the order Ephemeroptera: a discussion 
from the comparative anatomical point of view. -
Studie Ceskoslov. Akad. Ved, Praha 4:1-121. 

Nilsson, A. N. 1989: Larval morphology, biology and 
distribution of Agabus setulosus (Coleoptera: Dytisci­
dae). - Entomol. Scand. 19:381-391. 

Olsson, T. 0. 1983: Seasonal variation in the lateral distri­
bution of mayfly nymphs in a boreal river.- Hoi arctic 
Ecol. 6:333- 339. 

Puthz, V. 1978: Ephemeroptera. - ln: lilies, J. (ed.): 
Limnofauna Europaea. Ed. 2: 256-263. Gustav Fischer 
Verlag, Stuttgart. 

Savolainen, E. 1984: Habrophlebia fusca (Ephemeroptera) 
found in Finland, Acentrella lapponica and Metretopus 
alter found in the biological province of Kuusamo 
(Ks). (In Finnish with English summary) - Kulumus 
6:23-27. 

Savolainen, E. & Pulkkinen, A. 1987: The mayflies (Ephe­
meroptera) of Kainuu (Ok), Finland. (In Finnish with 
English summary)- Kulumus 9:4-35. 

Savolainen, E. & Saaristo, M. I. 1981: Distribution of 
mayflies (Ephemeroptera) in the biological province 
of Kuusamo (Ks), Finland. - Notulae Entomol. 
61:117-124. 
1984: Ephemeroptera oflnari Lapland.- Kevo Notes 
7:23-29. 

Solem, J. & Johansson, A. 1991: Larva and biology of 
Anabolia concentrica (Zetterstedt, 1840) and comments 
on other Fennoscandian Anabolia spp. (Trichoptera, 
Limnephilidae).- Fauna Norvegica (B) 38:53-63. 

Soderstrom, 0. 1991: Life cycles and nymphal growth of 
twelve coexisting mayfly species in a boreal river.­
In: Alba-Tercedor, J. & Sanchez-Ortega, A. (eds.): 
Overview and strategies of Ephemeroptera and 
Plecoptera: 503-514. Sandhill Crane Press, Gainesville, 
Florida. 



222 Engblom et al.: Metretopus in Fennoscandia • ENTOMOL. FENNICA Vol. 4 

Soderstrom, 0. & Nilsson, J. 1986: Redescription of 
Parameletus chelifer Bengtsson and P. minor (Bengts­
son), with keys to nymphal and adult stages of the 
Fennoscandian species of Siphlonuridae. - Entomol. 
Scand. 17:107-117. 

Tiensuu, L. 1939: A survey of the distribution of mayflies 
(Ephemeridae) in Finland. - Ann. Entomol. Fennici 
5:97-124. 

Tshernova, 0. A. 1952: The mayflies (Ephemeroptera) of 
the Amur Basin and adjacent regions and its importance 
as fish food. (In Russian) - Proc. Amur lchthyol. 
Exped. 1945-1949 3:229-360. 

Tshernova, 0. A., Kluge, N. Yu., Sinitshenkova, N.D. & 
Belov, V. V. 1986: Order Ephemeroptera - mayflies. 
-In: Ler, P. A. (ed.): Keys to the insects of the Far 
East of the USSR. Vol. 1:99-142. Leningrad. (In 
Russian) 

Ulfstrand, S. 1968: Benthic animal communities in Lapland 
streams. A field study with particular reference to 
Ephemeroptera, Plecoptera, Trichoptera and Diptera 
Simuliidae. - Oikos, Suppl. 10: 1-120. 

Received 23 .X.l992 


