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Observations were made on the macrofauna of two cold springs (eustatic
akratopegs): ames-oligotrophiclimnocreneand arheocrene; alittle eutrophied
epirhithral pool wasa so studied, all north-northeast of thetown Riihiméki, in
southern Finland. The number of speciesfound in each varied between 7 and
33 and the approximate number of macrofaunabetween 2500 and 4500 indiv./
n¥. A state of near xenosaprobity hasbeen estimated to prevail intherheocrene
and astate of oligosaprobity inthe epirhithral pool. Probably because of the
conditionsinwinter, thefaunain thelimnocrene studied containsnumerous spe-
ciesthat areknownto have abeta-mesosprobicindication value. A smal amel-
iorationinthecomposition of thefaunawasobserved after adig of thelimnocrene.
Thefdling of timber around the limnocrene seemed not cause negative changes
initsfauna Thearticleillustratestheemergence (phenol ogy) of the Chironomidae
inthelimnocreneand describesthelarvaof Micropsectra (Lundstroemia) fusca
(Meigen) (Diptera, Chironomidae). Dixellanaevia (Peus) (Diptera, Dixidae)
and Chironomus|uridus Strenzke (Diptera, Chironomidae) are confirmed to
be new to thefaunaof Finland.
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The purposes of the present study have beento
obtain materia onthe community structureof the
macrobenthonin cold springsaswell asthe habi-
tat preference of the speciesand/or the phenol -
ogy of theinsacts(for theterminology — “ benthon”
instead of “benthos’ etc. — see Steffan 1965,
Lehmann 1971, Fittkau 1976, 1977). Theresults
given below havenot been obtained fromthe spe-
cific studieson the springs, but from the study of
different kindsof water habitats, whichwerelo-
cated onthesamearea.

Intermsof the methodol ogy of the sampling
of thematerid, the present examplesarenot uni-
form and the methods are therefore described
together with adescription of each sample. The
biotopes observed are 4-8 km north, north-east
of thecity of Rithimé&ki (about 62°50' N, 24°50'E),
insouthern Finland. They aremoreprecisdy indi-

cated below by auniformgrid system (Grid 27°E:
Heikinheimo & Raatikainen 1971, 1981).

A limnocrenein aforest north of
the town of Riihimaki

Thesite(Grid 27°E: 67427:3791)

The site of the open water of thisspringisina
small remnant of abirch-spruce-hardwood peat
moor (Fig. 1). Most of thisforest, including along
inundation meadow aong abrook (Hirvenoja), had
been cleared for fields during 1800-1900. The
raised bog, (the historical name Uramonsuo, see
Varmanen 1946: 15), insidethis partly wooded
zonewasclearedfor fieldsby the Rithiméki prison
during the 1920’ sand 1930’s, but because of the
present day agricultural crisis, thisareaof about
200 hectares (500 acres) has been used for com-
mercial peat digging since the 1970’s; the
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the autumn 1956.

limnocreneisabout 200 mfromthedigging area.
Because of human activities, the spring issur-
rounded on almost al sidesby only 30-100ma
forest. (the siteisunder pool Nr. 3inFig. 1in
Hirvenoja 1962. The flowing directions of the
groundwater to the spring are unknown, but a
small, approximately 20 cmwidetricklet runns
westward from the spring, towards the largest
fields (and the brook mentioned).

Inthe 1930'snumerous springsstill existed
on the NE side of the raised bog Uramonsuo;
during studiesin the 1950’ sthe limnocrene ob-
served was the only open spring known to the
author in the study areaabout 1 km? onthe NE
sideof thebog. Without dight, occasiond digging
for drinkingwater for thefieldworkers, thisspring
would probably not have been an openlimnocrene,
but ahelocrene asearly asthe 1950's. Shallow
moundson thesites, wherethe ground water was
near the surface of the earth (?ancient springs),
were present during the 1950’'s. They, some
ditches, aswell asthebrook mentionedinthepre-
viousparagraph, still contained among othersfour
species of sedges (Carex, Cyperaceae), which
arevery rarein Finland (Hirvenoja1960d); these
had up until thistimetotally disappeared fromthe
study area.

B/ ‘ ™

Fig.1. A floating cagetrap in thelimnocrene (A) studied in Riihimé&ki and the adjacent environment (B) in

A drinking water pumping stationfor thetown
of Rithim&ki (now areserve station) wasbuilt on
thelargest mound during the 1950's. The pump-
ing station isabout 0.8 km from thelimnocrene
discussed here, but when in operation, itseffect
wasoccasonally vishbleintheamount of water in
thelimnocrene.

Thewater level of the pondsinthe surround-
ingsmore or lessdecreased at that timeand most
of themdried up. Thewholearea, including the
rest of the raised bog Uramonsuo has a'so be-
cameincreasingly drier because of the drainage
required by theloca governmenta authoritiesdur-
ing the 1960's. Theradical changesat that time,
for instancein thefaunaof thebirdsinthearea
wereobviousto everyone.

The substrate of the environment of the
limnocrene studied here consists of |eaf-sedge
peat, being only <0.5 m thick on the clay. The
middle part at the bottom of the open water (di-
ameter in 1956-1957 about 2 m, depth about
<0.5m) congtsof continuingly moving very loose
organic materia because of theground water cur-
rent.

L ong birch dominated during the 1950's, but
spruceswhich during the 1950’ swere small seed-
lingsdominated inthe 1990’s. The spring con-
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Fig. 2. Annual variations of the surface water temperature in the limnocrene studied in Riihimaki.

tained some partly submerged blocksof wood and
large roots of the surrounding trees. Asafirm
substrateto thefaunathe steep sidesof the spring
of bog were also available. A part of the fauna
(Table4) inhabited theloose organic substratum
(dark mud, typedy containing al so small pieces
of wood). Because of the occasiona cleaningsof
the spring basinthe macrovegetation cons sted of
gparse Calliergon cordifolium (Amblystegia-
cese).

Water chemistry

Thebiotope studied isquiteastable (two distur-
bances are known) cold spring or eustatic
akratopeg (Thienemann 1941: 21; Brinck 1949:
191; Zavrel & Pax 1951: 647). Because of the
dow flow of current, thetemperature of thewa-
ter, in spite of the shade of thetreeswasalittle
influenced by theair temperature and sunshine,
being 5-9°C (measured every day) in May-Oc-
tober 1956 (Fig.2).

The measurements of the water chemistry
(Table 2) givevauesof total phosphoruswhich,
according to Forsberg and Ryding (1980), refer
tothe oligotroph or mesotroph waters, but those
of total nitrogenrefer to theeutroph or hypertroph
waters; theratioN, :P, , according to those au-
thors, showsthat the phosphorusisthelimiting
factor inthelimnocrene studied.

During the studies of 1956-1957 the satura-
tion of oxygen variedin May-August from 73%
t0 88% (N = 3). Inwinter, under the occasional
cover of iceand/or snow, the concentration may
be much lower, addimitating factor for thecom-
position of thecommunity. In severewinters, for
instancein 1939-1940, anice cover waspresent
and numerous dead frogswerefound on the bot-
tomin May 1940.

Values of pH, 6.5-6.7 (N = 5) were meas-

uredin 1956-1957 (cf. Hirvenoja1960a); later,
pH valuesof 6.3-6.9 (<7.3inthelaboratory) were
found. Thewater color hasmostly been clear, 0
mg Pt/I (N =6). Color values<5mg P/l (N = 2)
have been measured after the heavier rains. Oc-
casiond measurementsof theconductivity areaso
availablefromtheyearsafter theworking period
1956-1957 (Tables 1 and 2).

There are good indicationsto suggest, that
theearliest (1964) measured va ue of conductiv-
ity (4.3 mS/m; Table 1) wasnear thevalues pre-
vailing during the sampling of the macrofaunain
1956 and 1957, but it may have been evenlower.
Thelater increasein valuesof conductivity may
be associated with the development in the water
quality of theground watersin Finland. Asmen-
tioned, thisspringisintheforest, but not very far
fromthefidds. Thesmall increasein sulphur may
not haveoriginated fromthefield but fromtheair.
The taste of the water has been good and was
used asdrinkingwater by fieldworkersinthesum-
mer at least during the 1950's.

SpringwatersfromtheRiihimaki district (the
Salpausselka 1 area) were some 100 years ago
soldin Helsinki onthe streetsfor drinking because
of thegood taste; in 1880 446000 litres of water
were transported by train (Hoffrén & Penttila
1979: 178).

Themacrofaunain 1956-1957

Themain material was collected with acage (or
“tent”) trap (area0.25 m?, Fig. 18) floating onthe
surface; thetypeisillustratedin Fig. LinHirvenoja
1960a). Thetrap wasemptied every day witha
suction bottle containing some drops of alcohol
(70%), from June 10th 1956 to October 20th
1956 and the sampling was continued from May
1st 1957 to June 30th 1957. The number of the
individua sthat emerged thusapproximatesroughly
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Table 1. Observations of the water chemistry in the limnocrene studied in Riihiméki after the sampling
period 1956-1957 (*the water flow had stopped temporarily, the water level wasfound to be 10 cm below

the surface of the mud).

Cond. COD,, O, O,sa. Alka. Hardn. Hardn. pH Color

mSm(y25) mgl mg/l % meg/l  meyl °dH Ptmg/l
05.06.1964 4.3 - - - - - - - -
11.06.1980 59 - - - - - - - -
31.07.1980 6.4 - - - - - - - -
26.08.1980 6.1 - - - - - - - -
07.09.1980 6.1 - - - - - - - -
26.09.1981 6.6 - - - - - - - -
12.05.1985 9.0 - - - - - - - -
27.03.1989 8.7 - - - - - - - -
24.06.1990 8.9 1.2 8.0 70 0.30 0.7 19 6.9 -
03.08.1990 8.4 - - - 0.25 0.8 2.2 - 0
01.09.1990 7.7 - - - - - - - -
*19.09.1991 9.0 — — - - — - 6.6 0

the population density of theinsectsduring one
year inthegiven area(0.25 m?). Some of there-
sults have been published earlier (Hirvenoja
1960b, 1960c, 1964), but the total catch of the
trapisincluded herein Table 3.

Altogether 23 aquatic taxaemerged into the
cagetrap and nine other semiaquatic or aquatic
taxabel onging to the macrofaunawererecorded.
Anannua emergenceof about 2300 limnicinsects
per square metre can be approximated from the
resultsfromthelimnocrenestudied (Table 3).

Onetentative bottom sample wastaken in
1956 from thel oose substrate with abottom sam-
pler (Ekmantype, 400 cm?); it wassieved (mesh
0.5mm) and only largeindividua swere picked
upfromthesevingresdue. Theresultsareshown
in Table4. Therelative abundance of the species
of Plecopterawasroughly similar totheresultsof
theemergence, but the small number in compari-
sontotheemergedindividualsfromagivenarea
isprobably aresult of thelarvaeliving moreabun-
dantly on the submerged wood than intheloose
substrate.

Observationson thesamelimnocrene after
1957

After 1957 it was not possibileto study thefauna
in the same manner asin 1956-1957, but afew
parametersof thewater chemistry were occasion-

Table 2. Measurements of the water chemistry in
the limnocrene studied in Riihiméki by the labora-
tories of Viljavuuspalvelu Oy (26 August,1980),
Insindoritoimisto Paavo Ristola Oy (March 27,
1989) and Viljavuuspalvelu Oy (June 24, 1990 and
September 19, 1991; method 1990-91: ICP = in-
duction coupled plasma measurement).

Date 26.8.80 27.3.89 24.6.90 19.9.91
P, mgl 0020 0010 0024 0.20
N, mgl 49 11 - -
K mg/l 11 - 13 13
Ca mgl 18 - 7.2 7.0
Mg mgl 16 - 2.3 20
Na mgl - - 38 3.8
d mg/l 53 33 - -
Fe mg/l 0.86 023 <005 <005
Cu mg/l - - <0.01 <0.01
Zn mg/l - - <0.01 <0.01
Mn  mgl - - <0.01 <0.01
Al mg/l - - <0.05 <0.05
S mg/l 21 2.4 45 45
S mg/l - - 6.8 6.8

ally measured (Table 2). Before 1990 the area of
the open water of the limnocrene had been en-
larged to a shallow pool of 3 x 10 m, depth <
0.5m.

At 03.08.1990 bottom mud (roughly 1.51)
was netted (hand net, mesh 0.4 mm). Thesample
wasonly dightly sevedinthesamenettoavoid
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Table 3. Number of individuals of insects, which
emerged in a cage trap, 0.25 m? of area, from the
limnocrene in Rithiméki June 10, 1956-June 30, 1957.

Taxon 33/Q0 S0P
Plecoptera

Nemoura cinerea (Retzius) 11/19 0
N.(Nemurella) picteti Klapalek 123/193 316
Sisyridae

Ssyra fuscata (Fabricius) o1 1
Trichoptera

Micropterna lateralis (Stephens) 17 14
Cyrnus sp. (Pupa) 1 1
Diptera

Dixidee

Dixella sp. 01 1
Chironomidae

Tanypus punctipennis Meigen 2/0 2
Macropelopia notata (Meigen) 59 14
Zavrelimyia barbatipes (Kieffer) 52 7
Pseudodiamesa branickii (Nowicki) 213 5
Prodiamesa olivacea (Meigen) 17 14
Heterotrissocladius marcidus (Walker) 30/26 5%
Trissocladius brevipalpis Kieffer 1/0 1
Orthocladius sp. 2/0 2
Psectrocladius limbatellus (Holmgr.) 1/0 1
Nanocladius balticus (Palmén) 1/0 1
Chaetocladius cinereipennis (Lundstrém) 40/30 70
Parakiefferiella bathophila (Kieffer) 13 4
Metriocnemus obscuripes (Holmgr.) 44 8
Limnophyes sp. 01 1
Phaenopsectra flavipes (Meigen) 31 4
Micropsectra fusca (Meigen) 814 2
M. recurvata (Goetghebuer) 171 2
Number of taxa 23

Number of emerged individuals 577 / 0.25m?

loging of thesmdlest larvulae. Theanimas, which
werereadily observablewere picked up fromsev-
eral small amounts of mud using apreparation
mi croscope and subsequently preservedin ethyl
acohol (75%). The possibly remaining individu-
asdtill inthe mud werereared to adult stage at
theroom temperaturein an aerated vessel. The
method was the same as the author used in the
handling samples from the river Vantaanjoki
(Hirvenoja2000). Theresultsaregiveninthe Ta-
bleb5.

Thefaunafoundinthelimnocrenein 1990
was mainly the same as 25 years earlier. The
Oligochaetawere not sampled in 1956-57.

Table 4. Number of individuals in a sample of con-
tinuously moving substratum, which is loose because
of the ground water current in the limnocrene. The
sample was taken with the bottom sampler (Ekman
type, 400 cm?) in June 26, 1957.

Taxon Ind. / 400 cm?
Crustacea, Isopoda

Asellus aquaticus Linnaeus 5
Hydracarina sp. 2
Plecoptera

Nemoura cinerea (Retzius) 1
N.(Nemurella) picteti Klapalek 5
Diptera

Pedicia rivosa (Linnaeus) 1
Prodiamesa olivacea (Meigen) 1
Coleoptera, Dytiscidae

Agabus sp. larvae 1
Coleoptera, Helodidae

Cyphon sp. , larvae 1

A conspicuous difference is the lack of
Nemoura cinerea and Chaetocladius cinerei-
pennis, but the occurrence of Tanytarsus
palettaris and Protanypus caudatusin the ma-
terial. Further instead of Zavrelimyia bar batipes
Z.melanuraemerged in 1990, al of which may
refer toasmall ameliorationin conditions. Char-
acterigtic, however, isthe continuous presence of
Heterotrissocladius marcidus and Micropsectra
fusca but the sparseness of other important, often
predominating spring speciesof Micropsectra.

Thephenology of insectsin thelimnocrene
In Plecoptera, acontinuousemergencefrom May
to September was observed in Nemurella picteti,
but theindividual s of Nemoura cinerea emerged
mainly in June (Fig.1in Hirvenoja1960b). The
adults of Micropterna lateralis (Trichoptera)
emerged from the end of May to the middle of
July (Hirvenoja1960c)

In the shallow lakes and ponds of southern
Finland lentic chironomid speciesusualy havetwo
generationsor at least two emergence periodsin
oneyear. Thefirst generation emergesroughly in
May-Jduneand the secondin July-August; thesame
isto be seen from theemergencein Lake Erken,
Sweden (Sandberg 1969). Some species have
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Table 5. Percentage of individuals partly picked up
immediately or reared as adults in a hand net bot-
tom sample (about 1.5 1 substratum) taken from
the limnocrene in Rithiméki in August 3, 1990.

Taxon %
Turbellaria

Dendrocoelum lacteum (Mdller) 104
Oligochaeta

Rhynchelmis limosella Hoffmeister 104
Crustacea

Cyclopoida

Eucyclops serrulatus (Fischer) 104
Isopoda

Asellus aquaticus Linnaeus 22.92
Hydracarina spp. 2.08
Plecoptera

N.(Nemurella) picteti Klapalek 7.30
Diptera

Dixidae

Dixella naevia (Peus) 1.04
Chironomidae

Conchapelopia melanops (Meigen) 1.04
Macropelopia notata (Meigen) 1.04
Zavrelimyia melanura (Meigen) 1.04
Protanypus caudatus Edwards 417
Pseudodiamesa branickii (Nowicki) 1.04
Prodiamesa olivacea (Meigen) 2.08
Heterotrissocladius marcidus (Walker) 8.33
Rheocricotopus effusus (Walker) 104
Phaenopsectra flavipes (Meigen) 104
Micropsectra fusca (Meigen) 17.72
Tanytarsus palettaris Verneaux 23.96
Coleoptera, Dytiscidae

Hydroporus sp. 1.04

Total of 18 taxa, (96 indiv.)

obviously severa seasonal emergence periods
(Corynoneura).

Hibernation often seemsto determinethetime
of thefirst emergence period and synchronizethe
emergence between theindividualsin apopula
tion. Thesum of day temperaturesis perhapsthe
most important factor for thelength of devel op-
ment of singlelarvaeand pupaeand theemergence
of the possible second generationinthesamesum-
mer. Low temperature may reducethe number of
generations of one season, especially in northern
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latitudes (Rempd 1936, Andersen. 1946). Inthe
lakestheindividualsin deeper (colder) waters of
abiotope do emerge later than in shallow ones
(Reiss1968). According to Jonasson (1972) oxy-
gen content and food are the growth determining
factorsinthe profundal,aswell. Examplesof the
rel ationshi ps between temperature and times of
the pupation and emergence of the adults of dif-
ferent speciesin arctic conditionshave beenre-
ported by Oliver (1968); the annua emergence
was closely synchronized in each of the species
investigated.

Two generations are not to be seen, at least
clearly, inthe seasonal pattern of total emergence
(Figs. 3-6) of the speciescaught inthelimnocrene
studied here. The species which are abundant
enough show one quite broadly concentrated
emergence period with or without Soreaded emer-
genceover thesummer months. Thetime of maxi-
mum emergencevariesin different species.

Theunivoltinecongant emergence period may
bein spring, summer or intheautumn, but asingle
compact period may a so glide over the summer
monthsin successive yearsin the same biotope.
Such event, the mechanism of whichisnot clear,
was observed in CricotopusfestivellusKieffer
inapool in Riihimaki in 1953-1957 (author”sun-
published material). The emergence periods seen
inFigs. 3-6 arethusnot necessarily specific for
the species, nor necessarily for abiotope.

A univoltinouslifecycleasorequiresasyn-
chronizing mechanism. With theday length com-
bined ovarial diapausewas shown, for instance,
by Novak and Sehnal (1963) in the species of
Trichoptera, but thisis probably not possiblein
smdll chironomid midges. Mothes(1968) suggest
Corynocera ambiqua Zetterstedt aestivating as
eggsin Stechlinsee, Germany; thiswas consid-
ered questionablein Hirvenoja(1998:15). Thelife
cycle of Corynocera may resemble that of
Trissocladiusbrevipal pisKieffer, which livesand
emergestogether with the speciesof Culicidaein
theverna poolsin May-Junein Finland. Inaten-
tative rearing experiment (unpubl.) the adults of
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Fig. 3. Number of daily emerged individuals (ordi-
nate) of the chironomid species Tanypus puncti-
pennis Meigen, Macropelopia notata (Meigen),
Zavrelimyia barbatipes (Kieffer), Pseudodiames
branickii (Nowicki) and Prodiamesa olivacea
(Meigen) in afloating cage trap (0.25 m?) on the
l[imnocrene in Riihimaki during the timeindicated
(abscissa) 1956-1957. White columns=males, dark
columns = females.
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Fig. 4. Number of daily emerged individuals (ordi-
nate) of the chironomid species Heterotrisso-
cladius marcidus (Walker), Trissocladius
brevipalpis Kieffer, Psectrocladius limbatellus
(Holmgren), Nanocladius balticus (Paimén) and
Orthocladius sp. in afloating cage trap (0.25 m?)
onthelimnocrenein Riihimaki during thetimeindi-
cated (abscissa) 1956-1957. White columns=males,
dark columns = females.
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Fig. 5. Number of daily emerged individuals (ordi-
nate) of the chironomid species Chaetocladius
cinereipennis (Lundstrom), Parakiefferiella
bathophila (Kieffer), Metriocnemus obscuripes
(Holmgren) and Limnophyes sp. in afloating cage
trap (0.25 m?) on thelimnocrene in Riihimaki dur-
ing thetimeindicated (abscissa) 1956-1957. White
columns = males, dark columns = females.
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Fig. 6. Number of daily emerged individuals (ordi-
nate) of the chironomid species Phaenopsectra
flavipes (Meigen), Micropsectra (Lundstroemia)
fusca (Meigen), and M.(Micropsectra) recurvata
(Goetghebuer) in afloating cage trap (0.25 m?) on
the l[imnocrene in Riihiméki during the time indi-
cated (abscissa) 1956-1957. White columns=males,
dark columns = females.

Trissocladius beginn the copulation on a firm
substrate with clasping lasting 25-35 minutesand
with thefemaleslaying eggs after afew (?76-9)
hours. Thelarvae aestivated inthe experiment as
the 1st and 2nd larval stagein an aguariumwith
aerated water in an unheated variableroomtem-
perature (15-20°C) from June to October. The
larvaebeganto grow in 2ZNovember gpproximately
whenthetemperaturefel tounder 10°C; thefirst



14

adults of the new generation emerged in Febru-
ary. Innatural conditions, the aestivation of this
speciesoccursin the substrate of the nearly con-
gantly dry pools. Theemergenceof T. brevipalpis
inAugustinthelimnocrene(Fig. 4) may indicatea
continuous growth of thelarvaewithout aestiva-
tion, becausethetemperaturein thisbiotopewas
constantly under 10°C.

Emergenceinthelimnocreneoccurred ill in
September or October (Figs. 3,5,6), which in
southern temperatelatitudes (Reiss 1968, Orendt
1993), but usually in Fennoscandia, isnot possi-
bleinthelakes. During the emergenceof thelast
individua sinthelimnocrenein October 1956 the
water temperaturewas 5.5-6.0°C, but intheen-
vironment thedaily maximum air temperaturewas
7.5-11.5°C. The same water temperature was
measured whentheemergencebeganinMay 1957
(Fig. 4-5, seedso Fig.1in Hirvenoja1960b), but
thedaily maximum air temperature had already
exceeded 20°C at times.

Theinsects, emerging from the cold waters
areobvioudy ableto utilizethehigher air tempera
ture. In Lapland in summer 1959 theinsectswere
collected by the author with asubmerged funnel
trgpfrom alargeand deep limnocrene (akratopeg)
at the upper course of the rivulet Kotaoja, in
Sodankyla. Thelarvaewereableto pupateinthe
temperature, which wasabout 3-5°C on the bot-
tom. When ready to emerge, the pupae swamto-
wardsthe surface, and someinto thetrap. Aslong
asthe submerged bottle of thetrap wasunder the
water surface, or was closed with acork above
the surface, asignificant number of theindividuas
were not able to cast the pupal skinin the low
temperature, whichwasstill <10°Cinthebottle.
Assoon asthe cork was opened enoughto alow
theair toflow into thebottle, avery sudden emer-
gencetook placeinthebottle.

Onthecontrary, according to atentativelabo-
ratory experiment with the chaoborid midgesin
1957, theemerging adultswere not ableto com-
pletely leavethe pupa exuviaeif thetemperature
of theair wastoo low, i.e. at |east some degrees
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bel ow zero. Insuch casestheindividudsarepara-
lysed by the cold air onthewater surface, where
they then gradualy die; the abdomen, wingsand/
or legsstay moreor lessinsdethepupal exuviae.
This may be the reason why emergence in the
northernlatitudes(seethewideliteraturein Danks
and Oliver 1972; Hirvenoja 1964) has been
evolvedtotake placein thewarmer daytime.

A rheocreneand adammed epir hithral pool
Situated below it

Thesiteand thewater chemistry
Thereisaspring (akratopeg) on aslope at the
border of aforest and afield, some 3 km east of
the limnocrene discussed earlier (Grid 67428:
3816). It was visited on July 22,.1990 and Au-
gust 1, 1992. Thesite, thefarm Vanganaho, be-
longstothemunicipdity Haugéarvi. Thespring can
beclassfied asarheocrene. (Theflow of current
has not been measured inthe steeprill, but it was
estimated as being more than 50 cm/sec.) The
water first ran 2-3 m into a dammed, shallow
(depth < 0.5 m) pool about 30 m? in area (for
temperature and gas conditioning), herecalled a
epirhithral pool. From therethewater wasled to
afish pool, where Salmo gairdneri wereraised.
Thebottom of the spring itself (rheocrene) con-
sists of afine sand, which contains very small
amount of fine piecesof dark organic matter. The
epirhithra pool hasaclay bottomwiththeremains
of higher vegetation, most of whichwassubmerged
non aguatic vegetation, indigating adry period.
Thispool resemblesalimnocrene, whichinredity
itisnot. Somevauesconcerning thewater chem-
istry aregivenin Table®6.

The measurementsof thewater chemistry inthe
epirhithral pool (Table2) giveavaueof total
phosphoruswhich, according to Forsberg and
Ryding (1980), refer to the eutroph waters, but
those of total nitrogen refer to the hypertroph
waters; theratio N:P shows according to those
authors, that the phosphorusisthelimiting factor
inthepool studied.
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Table 6. The water chemistry in a rheocrene and a
epirhithral pool studied in Vanajanaho, Hausjérvi.

Rheocrene Epirh. pool

220790 01.08.92
Temperature °C 50 9.2
pH 6.9 6.8
Alkalinity meg/l - 0.27
Color mg P/l 0 10
O, mg/l 8.0 -
O, satur.% 65 -
COD,,, mg/l 20 134
BOD, mg/l (N=2) 0.5-0.7 -
Conductivity mS/m(y25) 7.6 58
Hardness meq/! 0.7(=1.9d°H) -

Below measurements made by the laboratory of
Viljavuuspalvelu Oy

P, mg/l - 0.05
N, mg/l - 16.1
K mg/l - 0.88
Camg/l - 10.0
Mgmg/l - 122
Clmg/l - 12.0
Femg/l - 0.10
Smy/l - 6.6
TheMacrofauna

Only one bottom samplewastaken from each of
thetwo biotopes (Table 7) with the bottom sam-
pler of the Ekman type (324 cm?). Identifiable
animalswere sdl ected from the samplesunder the
binocular microscopeand therest of themud was
kept in an aerated vessel in the room tempera-
ture, fromwherethe adultsemerged into acage;
the method was the same used for the material
giveninTable6.

Thetotd number of theindividuasrearedfrom
the bottom sample of the rheocrene (7 taxa) was
79indiv./324 cm? (= 2438indiv./m?). Thecorre-
sponding vauesfromtheepirhithra pool (16 taxa)
were 144 indiv. / 324 cn* (= 4444 ind./m?).

Noteson the speciesfound in thewater sstudied
Turbellaria

Dendrocoelum lacteum (O.F.M.). According to
Sladecek (1973) this species is known from
oligosaprobity to afa-mesosprobity and indicates
nearest beta-mesosaprobity. According to Luther

Table 7. Total number of the taxa picked up and/or
reared to adults from the bottom samples (324 cm?
each) from a rheocrene and a epirhithral pool stud-
ied in Vanajanaho, Hausjarvi.

Rheocrene  Epirh. pool
Taxon 22071990  01.08.1992
Oligochaeta
Lumbriculus variegatus (Mller) - 3
Crustacea
Asellus aquaticus Linnaeus 8 2
Megaloptera
Salis lutaria (Linnaeus) - 1
Ephemeroptera
Baetis niger (Linnaeus) - 2
Centroptilum luteolum (Mller) - 5
Paraleptophlebia tumida Bengtsson - 15
Diptera
Dixidae
Dixella aestivalis Meigen - 1
Chironomidae
Macropelopia nebulosa (Meigen) 1 -
Zavrelimyia melanura (Meigen) - 1
Pseudodiamesa branickii (Nowicki) 14 -
Prodiamesa olivacea (Meigen) 7 -
Heterotrissocladius marcidus (Walker)40 -
Cricotopusfuscus (Kieffer) - 7
C. tibialis (Meigen) - 13
Rheocricotopus sp. (?fuscipes Kieffer) - 1
Polypedilum sp. - 1
Micropsectra apposita (Walker) - 16
M. notescens (Walker) 8 7

(2961) it occursin Finland in springs, lenticand lotic
watersof different kindsand in brackish water (<5-
7%o).

Oligochaeta

Lumbriculus variegatus (Muller). The ecological
valency of this species does not seem to be well
known intheliterature (see Brinkhurst 1971: 9). In
the author’s materials the species is common, for
instance, inthe profundal and/or littoral of shallow,
humous, not polluted lakes in northern Finland. In
the polluted river Vantaanjoki in Pitk&koski L.
variegatus was not found in the slack water (alfa-
mesosaprobity) but occasionally intherapids (bete-
mesosaprobity) (Hirvenoja2000).

Rhynchelmis limosella Hoffmeister. The ecologi-
cal requirements of this species have not been
evaluated intheliterature. Species of Rhynchelmis
also occur in some brooks in the study area in
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Riihimaki, but taxonomical problemshave appeared
inthe determination of the species. (Sladetek (1973)
reports RhynchelmisvagensisHrabéin hislist from
the xeno- and oligosabrobic waters.)

Crustacea, Copepoda

Eucyclops serrulatus (Fischer). One of the most
common cyclopids; occurs in al kinds of water
habitats (Enckell 1980). According to Sladecek
(1973) the species most likely indicates beta-
mesosaprobity.

I sopoda

Asellus aquaticus Linnaeus. The species is quite
ubiquitous. Itsdistributionin Finland isnot very well
known; obvioudly it includesthe whole country, but
it may be worth mentioning, that it was not found
by the author in shallow lakes or in other aquatic
habitats of the Sompio area (Sodankyld) in north-
ern Finland during studiesin 1959-1961, wherefor
instance Lumbriculus variegatus was abundant.
Oneindividual was, however, caughtin 1984 inthe
L okkaReservoir 1984 which hasexistedinthesame
area since the early 1970°s (Hirvenoja 1998: 61).
According to Sldde¢ek (1973) the species most
likely indicates alfa-mesosaprobity.

I nsecta

The occurrence of Plecoptera, Trichoptera and
Coleopteracaught in thelimnocrene studied in 1956-
1957 has been reported earlier (Hirvenoja 1960b,
1960c, 1964). It could be added that, according to
Sladecek (1973) Nemurella picteti Klapalek char-
acterizes xenosaprobity (index S = 0.2), whereas
Nemoura cinerea Retzius chacterizes oligo-
saprobity or beta-mesosaprobity (S = 1.8). He
(Sladecek 1973) does not mention the latter spe-
ciesfrom xenosaprobity.

Heteroptera, Gerridae

Gerrislateralis Schummel. Vepsdldinen (1973) re-
ports that this species occurs in different kinds of
pits, roadside ditches and springs, and mentionsfur-
ther that in northern Finland it is most often domi-
nant among the species of Gerris. In 1956 it was
often caught on the frames of the floating trap in
thelimnocrene.

Neuroptera, Megaloptera, Sialidae
Salislutaria (Linnaeus). Kaiser's (1977) key has
been used in the determination of the larva.
Sladecek (1973) considersthis speciesprimarily as
anindicator of the beta-alfa-mesosaprobity. Distri-
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butionin Finland: Lammes (2000).

Sisyridae

One female specimen of Ssyra fuscata Fabricius,
emerged on July 5, 1956. According to Meinander
(1962: 28) this speciesisquite common in southern
Finland and has been found near flowing waters
and lakes. Distribution in Finland: Lammes (2000).
Diptera

Tipulidae and Limonidae

In the summer of 1987 one undeterminabletipulid
larva (Tipulinae) was found by mere chancein the
limnocrene discussed here. Some mud and remains
of vegetableswerefound in the gut content. Adults
of nearly 100 species of Tipulinae are known in
Finland (Hackman 1980).

In 1956 one large larva of Pedicia rivosa (Lin-
naeus) (Limonidae) was found and the gut content
was observed under amicroscope. The remains of
aadult large adult fly with large pulvillag, probably
a tabanid, were all that was found in the gut.
P.rivosa is obviously an eucoen crenal species; it
was reported already by Bornhauser (1912) to in-
habit the springs.

Dixidae

Dixella aestivalis (Meigen). According to Disney
(1975: 70) D.aestivalisis found in beds of emer-
gent vegetation in a wide range of habitats from
acid oligotrophic peat pools to akaline eutrophic
canals.

Dixella naevia (Peus). According to Wagner
(1978) D. naevia is known in northern Sweden,
Baltia, Germany and Kaukasus. In 1990 one male
specimen was reared from the larva sampled in
the limnocrene discussed here. Peus (1934) de-
scribed D. naeviaoriginally from amalewhich was
reared from alarvacollected in Latviatogether with
D.hyperborea Bergroth (Peus, 1934: 71-72). He
describes the biotope asfollows: :” Der Fundort ist
ein Erlenmorast mit Uppiger Calla palustris und
eingestreuten Betula, Picea und Juniperus, viel
Farnkrautern und Grésern, am Rande des Weges
von Kemmern nach Anting dort, wo dieser kurz
von Anting das Hochmoor verl&sst.”
Chironomidae

Protanypus caudatus Edwards. The species is
defined by Segther (1975: 386) asabored palearctic
species, which has been found from more or less
oligotrophic lakes. The species has also been found
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inaspring (akratopeg) in northern Finland (Fig.12
inHirvenojal973).

Tanypus punctipennis Meigen. According to
Brundin (1949: 694) the species prefers eutrophic
conditions and can tolerate low oxygen content of
the water. Sandberg (1969) found this species in
Lake Erken, Sweden, in zones outside the vegeta-
tion. The speciesis also found in running waters
and temporary small waters (seetheliterature cited
in Becker 1995).

Macropelopia notata (Meigen). The species be-
longs according to Fittkau (1962: 124) tothe ground
stock of the Central European springs, being limno-
hel o-crenobiontic; the important prey taxa men-
tioned by him belong to the genus Micropsectra.

The occurrence of Zavrelimyia melanura
(Meigen) and Z. barbatipes (Kieffer) is restricted
to springs and spring brooks or to the upper courses
of brooks (Fittkau 1962). In the study areathe lat-
ter species also emerged in a polluted brook.
Conchapelopia melanops (Meigen). Lindegaard
(1995) listsit asaubiquitous species. It occurredin
beta-mesosaprobity in the rapids, but not in the al-
pha-mesosaprobic slack water of Pitkakoski, Fin-
land (Hirvenoja 2000); common in some shallow
lakes studied in northern Finland (unpubl. materi-
as).

Pseudodiamesa branickii (Nowicki) has been
reported from the crenal and upper courses of run-
ning waters (epirhithral) by Thienemann (1941),
Zavrel & Pax (1951) and Lehmann (1971). Brundin
(1949: 591, 662) discussesthe possibleimportance
of this species as amember of the littoral fauna of
the arctic and alpine lakes.

Prodiamesa olivacea (Meigen). It has been found
by Brundin (1949: 718) and Reiss (1968: 230) in
lakes, by Lehmann (1971: 488) from the crenal to
the (epi-)potamal zone in the running water habi-
tats of Fulda, Germany; studies on the occurrence
of this species in the Rhine are listed in Becker
(1995:95). Nadig (1942) reports P. olivacea in a
spring with high total and sulphate hardnesswith a
clear smell of H,S, but not in those with low hard-
ness or H,S.

According to Thienemann (1954:650). P.
olivacea incidentally occurs up to the limits of the
polysaprobic zone. In the tables of the European
system of saprobity Sladecek (1973, sub Prodia-
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mesa praecox Kieffer, cf. also Mauch 1976) clas-
sified it as a beta-alfa-mesosabrobic species. He
does not record P. olivacea in xenosabrobic or
polysaprobic habitats. According to the German lit-
erature cited in Becker (1995:95) this species is
very euryoecious. The occurrence of P. olivacea
may perhaps be connected to the biology of itsnour-
ishment. In Finland P. olivaceaisfound —if notin
xenosaprobic waters, but in at least not polluted,
variable humous (chthoniotrophic, dystrophic)
springs and brooks. The water in the limnocrene
studiedin Rithimé&ki (usualy oligohumous) hasbeen
(uptothe 1950's) considered asavery good trinking
water in spite of the pure organic substrate.
P.olivacea, on the contrary, was not found during
a ten year period study in slack water or in the
rapids of Pitk&koski in the river Vantaanjoki
(Hirvenoja2000). Thisriver isloaded by thewaste
waters of several purification plants and during
these studiesthewater quality accordingto the Finn-
ish classification (1-5 or 6 degrees) was classified
by thelocal water administratorsin the slack water
aspassable (=4th degree; Anon. 1987, Anon. 1992),
which seemsto correspond to al pha-mesosaprobity.
Trissocladius brevipal pis Kieffer. The single male
of T. brevipalpis Kieffer, which emerged in Au-
gust from the limnocrene observed, is perhaps a
result of vernal egg laying. The speciesiscommon
in the temporary vernal poolsin thevicinity of the
limnocrene studied. Living in the permanent water
at the low temperature of the spring the larvae did
not have asummer quiescencent period in the sum-
mer but grew and emerged. In springs T.brevipalpis
is probably axenocoen species.
Heterotrissocladius marcidus (Walker) is known
in the Fulda river system, in Germany, from the
crenal to the epirhithral zone (Lehmann 1971).
Zavrel and Pax (1951:660) report its coexistence
with Pseudodiamesa branickii in a spring. Lin-
degaard and Thorup (1975:130) list H. marcidus
as a member of the detritus zone of the spring
Ravnkildein Denmark. Brundin (1949, Reiss 1968,
Sandberg 1969, Hirvenoja1998: 11-12) discussthe
occurrence in the littoral of lakes. Mauch (1976)
knowsthis species at most from mesosaprobic con-
ditions.

Chaetocladius cinereipennis (Lundstrom; syn.
C.piger Goetghebuer) is obviously eucoen in the
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springs. According to Zavrel & Pax (1951:661-663,
sub Dyscamptocladius; Brundin 1956: 121) the
genus Chaetocladius is the most important genus
among Orthocladiinaein Central European springs,
where it was also found in the sulphur akratopegs
or sulphur therms.

Metriocnemus obscuripes (Holmgren) is, accord-
ing to Thienemann (1954: 335, sub M. hygro-
petricus Kieffer), a characteristic species of the
hygropetric fauna (“ Fauna Hygropetrica’), a spe-
cies which may also occur in springs. Near the
l[imnocrene studied some few individuals have
emerged also from a verna pool and a pool (un-
published materials of the author). According to a
revised list of synonyms (Sagher 1989: 410) M.
obscuripes is a Holarctic species, which occurs
from Spitzbergen to Central Europe.
Cricotopustibialis (Meigen) isaHolarctic, north-
ern, somewhat psychrophilous species, which has
been found in different kinds of habitats, among
others in limnocrenes and streams in Central Eu-
rope. Lehmann (1971) reports C.tibialis in Fulda
Germany from the crenal and epirhithral zones. In
the River PunkanojaRiihiméki, Finland it emerged
even in the beta-mesosaprobic, hyporhithral condi-
tions.

Cricotopus fuscus (Kieffer), obviously inhabits a
widerange of biotopes, including springs (Hirvenoja
1973).

Psectrocladius limbatellus (Holmgren). A very
common speciesinthelakesof Finland. Lindegaard
(1995) listsit asalentic species, which a so occurs
inthelimnocrenes.

Nanocladius balticus Palmén. This species was
originaly found in Finland in brackish water (Palmén
1959), but has a so been reported to inhabit 1akesin
Europe (Sandberg 1969: Fittkau and Lehmann 1970:
397).

Parakiefferiella bathophila Kieffer is known as
a common species in lakes, running waters and
springs (Brundin 1949; Grimas 1961, Sandberg
1969, Lindegaard et.al. 1975, Lindegaard 1995,
Siebert 1980, Tuiskunen 1986, Becker 1995).
Orthocladius sp. Lindegaard (1995) lists several
species of Orthocladius found in springs. Because
the pupal exuviae are not available, the determina-
tion seemsto beimpossible.
Phaenopsectraflavipes (Meigen). Obviously quite
aubiquitous species according to the records men-
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tioned in Becker (1995). It occurred in beta-
mesosaprobity in the rapids, but not in the apha-
mesosaprobic slack water of Pitkdkoski, Finland
(Hirvenoja 2000); common in some shallow lakes
observed in northern Finland (unpubl. materials).
Micropsectra (Lundstroemia) fusca (Meigen)
occurs throughout Finland (Lindeberg 1970).
Lindegaard (1995) listsit asalotic ubiquitous spe-
cies. Asmentioned above, in thelimnocrenetreated
here, marks of occasional sparse oxygen content
were observed, which may be alimiting factor for
species combination in this biotope. The species of
Micropsectra are among the quite frequent inhab-
itants of the springs, but only M.fusca was found
abundantly inthislimnocrene. It a so toleratesvery
modest environments, like those described bel ow.

Adultsof M.fusca emerged on August 30, 1988
in arain water barrel made of iron at the summer-
house of Dr. B. Lindeberg in Punkasalmi, in east-
ern Finland. The barrel usually contained standing
water; it was treated with an anti-rust agent, which
contains mercury, pieces of which were abundantly
present in the sediment; larvae of M. fusca coex-
isted in the barrel with Chironomus luridus
Strenzke.(For the determination of C.luridusadults
and pupae from Punkasalmi are available; the oc-
currence in Finland has been confirmed also
karyologically by prof. PMichailova)

Thelarvaof M. fuscaisobviously hitherto
unknown, andisbriefly described below (Fig.7):

Length about 7.5 mm, the brownish head cap-
sule 370 um long. Abdominal segments 1.-6. anal-
lateral with hairy, asymmetric biramous setae. Seg-
ment 8. with adorsal hump. Claws of all parapods
smooth. Antennal pedestal without spur, but the
antennae are otherwise typical to Micropsectra.
In the labro-epipharyngeal region the bases of §
twice aslong as broad, those of S, not longer than
broad; the labral setae and chaetae roughly ser-
rated. Premandibleswith two apical teeth and with
apremandibular brush. The mandibles, hypochilum
and paralabials as usua in Micropsectra. There
are differences between the species of Micro-
psectra in the ventral sclerotization behind the
foramen occipitale, which iswhy that of M. fusca
isillustrated.

Commentsto the morphol ogical nomenclature
used here: Thehypochilumisin Orthocladiinaes.lat.
and Chironominae a new complex organ, arising
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Fig. 7. Micropsectra (Lundstroemia) fusca (Meigen). Larva. Antenna (1), labro-epipharyngeal region
(2a), pecten epipharyngis seenin adifferent position (2b), mandible (3), hypochilum and paral abials (4),
maxille (5), lateral setae of the abdominalsegments 1.-6. (6), area of foramen occipitale between the
posterior tentorial pits(7), abdominalsegments6.-9. (8).

from the fusion of the submentum and the front
border of theventral wall of thesecondary sclerotized
head capsule. The paralabials are understood here
also as the secondary new complex organs, arising
in Chironominae from the fusion of the hairy parts
of themaxillar cardo (basipodite) and the front bor-
der of the ventral wall of the head capsule. —
Submentum and mentum (intheliterature: “ paraabial
kamm”, “dorsomentum”, “glossa’, “ligula’) asthe
free sclerites before the hypostoma of the head
capsule are still present in Tanypodinae. A free
sclerite mentum, as broad asthe whole hypochilum
and provided with long teeth, is present in
Orthocladiinae in Halocladius (Psammocladius)
braunsi (Fig. 59.9 in Hirvenoja 1973) between the
hypochilum and the prementum. Thelabial segment
of the last mentioned species resembles the |abial

segment in Anopheles (Anophelini), wherethefree
sclerites of a toothed mentum, but aso a toothed
submentum are present, forming a compact
“pagquet” opposite to the other Culicini (Aedes,
Culiseta etc.).
M. notescens (Walker) is, according to Sawedal
(1976: 124), “a coldstenothermous, polyoxybiont
speciesknown from springs and the epirhithral zone
of streams, where it inhabits lentic places’. The
present study shows that also a stronger flow of
current can be tolerated by this species as well as
by Micropsectra (M.) recurvata (Goetghebuer).
Sawedal (1976: 131) reports M. apposita
(Walker) coexisting with M. notescensat epirhithral
lentic placesin abrook in southern Sweden. A mass
emergence of M. apposita (about 30,000 indiv./
m?) was observed at the hyporhithral, in the lentic
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zoneof theriver Punkanjoki, (thewater quality here
near beta-mesosaprobity), in southern Finland in
July-August 1953 (Hirvenoja 2000). Reiss (1965,
1968 sub M. contracta Reiss; see Cranston
1974:92) describes the occurrence of M. apposita
in Lake Bodensee, Germany, where he found it at
depths between 5 and 210 m. M. apposita is, ac-
cording to Lindegaard (1995), a lotic species. In
Lapland it seemsto be (unpubl. material of the au-
thor) very abundant in the limnocrenes observed.
Paratanytarsus austriacus Kieffer occurs abun-
dantly in the study areain Riihiméaki also in some
temporary waters. According to Reissand Sawedal
(1981.: 96) and to theliterature mentioned in Becker
(1995) P. austriacus inhabit lakes, ditches, small
standing waters and small streams arising from the
springs. According to the author’s materialsit tol-
erates freezing and may emerge in some verna
snow melting pools (unpubl.). Hirvenoja &
Michailova (1991: 95) report it in a pool, where
BOD, 9.3 mg O,/I was measured, corresponding
to al pha-mesosaprobity.

Tanytarsus palettaris Verneaux. It has been found
in European springs and brooks. T. palettaris is
hitherto known from French Jura, to Roumaniaand
Finland (Verneaux 1969; Reiss & Fittkau 1971,
IImonen and Paasivirta 2000). The waters in the
biotopes described by Verneaux (1969: 8) contain
more dissolved mineralsand thereis obvioudly less
organic matter in the sediment, but the flow of cur-
rent or thetemperature conditionsin Riihimaki cor-
respond to the French habitats.

Brachycera, Sphaeroceridae

Opacifrons humida Haliday (Syn. Spinotarsella
humida). From the 28th of June to the 24th of Sep-
tember 1956 six females of this semiaquatic spe-
cies were found in a trap (kindly determined by
Prof. W.Hackman). Because only single females
were occasionally found, the occurrenceinthetrap
perhaps does not indicate the growing site of the
larvae with certainty.

Hydracarina

Arrenurus sp. Female specimen were captured in
June 26,1956 (kindly determined by Prof.Dr.
P.Bagge).

Araneae

Terrestric species were sampled in June 21,1956
from the cage trap too (kindly determined by Dr. J.
Terhivuo): 1 ad. maleand 1 ad. female Tetragnatha
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extensa (L.) and 1 ad. Larinioides (=Araneus)
patagiatus (Clerck). These are common species
in Finland and not unexpected near an aquatic
biotope (Palmgren 1974).

Discussion

Bornhauser (1912) listed 147 generawithin 287
animal speciesfrom European springs. Thefauna
known at that time consisted, among others, of
60 taxabel onging to the Protozoa, but only of 3
taxaof the Chironomids. Lindegaard (1995) com-
piled lists of morethan 200 chironomid species,
which wererecorded from European cold springs
during the nineteenth century.

The spring specieshave ecological connec-
tions, especidly totherhithra of running waters,
to the arctic or mountain regions and to the
profundal of thelakes. Thecold crenal watersin
Finland should sometimes be even katharob and
among natural waters of the highest quality. It
should be possibleto list many of the organisms
foundinthem, especidly thenumerouschironomid
species in clear spring water conditions, as
inhabitats of the xenosaprobic or at |east
oligosaprobic sites. Exceptionsarefor instance
spring waterswhich occasionally or continuousy
contain humic substances. Unfortunately, the
chironomid specieshaverarely been evauatedin
this respect in the literature (Sladecek 1973,
Mauch 1976).

A state of near xenosaprobity may prevail
congtantly intherheocrenededt withinthe present
paper (Table 6), but the fauna of the epirhithral
pooal (Table 7) studied indicatesworse conditions,
however, perhapsstill remaining withinthelimits
of oligosaprobity. An attempt to calculate the
saprobic index (about the methodology see
Sladecek 1973, Schwoerbel 1980, Uhlmann
1982) for thelimnocrene (Table 3) onthebasisof
thefew specieswith aknown specificindex indi-
catesadight beta-mesosaprobity. The estimated
result obtained from the presence (or lack) of cer-
tain speciesmay obvioudy not indicatethewater
quality during the period of study only, but rather
unobserved conditionsin winter and possibleoc-
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casional low ground water lewel periods, all of
which may cause depletionin the oxygen stand-
ard and/or may restrict the occurrence of many
typica, moreoxyphilousorganisms.

| nformeation about the conditionsinthesprings
studied here has al so been obtained by cal cul at-
ing the Shannon & Weaver's(1963) diversity in-
dex (H") Inthelimnocrene studied the material
caught with acagetrap in 1956-1957 (Table 3)
or that taken by means of ahand net (Table 5)
giveavalueof H'=2.20. ThevalueH" = 2.23
was obtained from the epirhithral pool, but the
lowest H = 1.42 isfrom therheocrene. Thelow
values here cannot have anything to dowith the
water quality, but perhapsindicate only thelow
number of niches (or merotopes) in the biotopes
studied; thissituation can be seen without calcula
tions. Variable, also very low indiceswerefound
inthe Danish springsby Lindegaard et d. (1998).

Thethreesitesstudied haveexplicablediffer-
encesbetween their faunas. They haveacertain
cohes onwith the known European spring faunas.
Themajority of the specieslisted above, onthe
contrary, werenot found inthevery pollutedriver
Vantaanjoki intheareaof Pitkdkoski (Hirvenoja
2000). Exceptions were Lumbriculus varie-
gatus, Eucyclopsserrulatus, Asellusaquaticus,
Salislutaria, Centroptilumluteolum, Concha-
pel opia melanops and Phaenopsectra flavipes,
al of whichareprobably not precisdy ubiquitous,
but may indicate certain various negative condi-
tionsinthecrena cicumstancesstudied. The bot-
tomfaunaindicatesthestuation over amuchlonger
period during the year than achemical analysis
does.

Conclusions

A basicfeaturein the observation of aguatic com-
munitiesisthe stability of the speciescombina-
tion, which can last aslong as several thousand
yearswithout theinterference of human activities
(seeforinstanceFig. 1inHirvenoja1998 and the
literature cited init); climate, however, isalways
of great importance. Minor examplesof thegrade
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of stability over successiveyearsarefor instance
in Hirvenoja (1960a, 1960c, 1964); thisauthor
collected larvae of Chaoborusnyblaei (Zetter-
stedt) inapool in Utgoki, Lapland in 1960; un-
known larvae were collected for thefirst timein
1894 inthesamesite (Hirvenojal96l). Therea
sonsfor the possible changesobservedinafauna
areawaysworth of studying.

Smadll, not negativedifferenceswerefoundin
theanimal communitiesof thelimnocrenetrested
here between 1956-57 and 1990 (Tables 3 and
5) in spite of thefelling of timber and onevery
largedigg, andin spite of themarked changesin
thevisibleenvironment described earlier inthis
article. Thisindicatesthat the most important ac-
tivity intheconservation of thespring anima com-
munitiesisto keep the springsand their outlets
open or — sometimes— to try to prevent atotal
drying (lowering of theground water leve) of the
areaif itispossible. There are no apparent rea-
sonstoavoidfor instancetofell thetimber insuch
gtes.

Literature

Andersen, F.S. 1946: East Greenland |akes as habi -
tatsfor chironomid larvae. Studies on the sys-
tematics and biology of Chironomidae. 1. —
Meddel. Granland 100 (10): 1-65.

Anon. 1987: Vantaanjoen ja sen sivujokien tilan
kehitys 1975-85. — Vantaanjoen jaHelsingin
seudun vesiensuojeluyhdistysry, Julkaisu n:o
22:1-191.

Anon. 1992: Vantaanjoki-vuosikirja 1991.—
Vantaanjoen ja Helsingin se udun vesien-
suojeluyhdistysr.y. Julkaisu n:o 31, S.Penttila
(ed.): 1-81.

Becker, C. 1995: Ein Beitrag zur Zuckmickenfauna
des Rheins (Diptera: Chironomidae). —
(Berichte aus der Biologie) Shaker, Aachen,
265 pp. ISBN 3-8265-0696-0.

Bornhauser, K. 1912: Die Tierwelt der Quellenin
der Umgebung Basels. — Int. Rev. Ges.
Hydrobiol. Hydrogr. Biol. Suppl., V. Ser.: 1-
90.

Brinck, P. 1949: Studies on Swedish stoneflies
(Plecoptera). — Opusc. Entomol. Suppl. 11:
1-250.



22

Brinkhurst, R.O. 1971: A guide for the identifica-
tion of British aquatic Oligochaeta. — Freshw.
Biol. Assoc. Scient. Publ. 22: 1-55.

Brundin, L. 1949: Chironomiden und andere
Bodentiere der stidschwedischen Urgebirgs-
seen. Ein Beitrag zur Kentnis der bodenfau-
nistischen Charakterzige schwedischer
oligotropher Seen. — Rep. Inst. Freshw. Res.
Drottningholm 30: 1-914.

Cranston, P.S. 1974: Corrections and additions to
thelist of British Chironomidae (Diptera). —
Entomol. Monthly Mag. 110: 87-95.

Danks, H.V. & Oliver, D.R. 1972: Diel periodicities
of emergence of some high arctic Chirono-
midae (Diptera). — Can. Entomol. 104: 903-
916.

Disney, R.H.L. 1975: A key to British Dixidae. —
Freshw. Biol. Assoc. Scient. Publ. 31: 1-78.

Enckell, PH. 1980: Kré&ftdjur. — 685 pp. Lund.

Fittkau, E-J. 1962: Die Tanypodinae (Diptera:
Chironomidae) (Die Tribus Anatopyniini,
Macropel opiini und Pentaneurini). — Abhand-
lungen der Larvalsystematik der Insekten 6:
1-453.

Fittkau, E-J. 1976: Kinal und Kinon, Lebensraum
und Lebens- gemeinschaft der Obenfléchen-
drift am Beispiel amazonischer Fliegewasser.-
Biogeographica7: 101-113.

Fittkau, E-J. 1977: Kinal and kinon, habitat and
coenosis of the surface drift as seen in Ama-
Zonian running waters. — Geo-Eco-Trop. 1.
9-21.

Fittkau, E-J. & Lehmann, J. 1970: Revision der
Gattung Microcricotopus Thienemann und
Harnisch (Diptera, Chironomidae). — Int. Rev.
Ges. Hydrobiol. 55: 391-402.

Forsberg, C. & Ryding, S.O. 1980: Eutrophication
parameters and trophic state indices in 30
Swedish waste-receiving lakes. — Archiv fur
Hydrobiologie 89 (1-2): 189-207.

Grimés, U. 1961: The bottom fauna of natural and
impounded lakesin northern Sweden. — Rep.
Inst. Freshwat. Res. Drottningholm 42: 183-
237.

Hackman, W. 1980: A check list of the Finnish
Diptera. I. Namatocera and Brachycera
(s.str.). — Notulae Entomol. 60: 17-48.

Heikinheimo, O. & Raatikainen, M. 1971: Paikan
ilmoittaminen Suomesta tall etetui ssa biol ogi-
sissaaineistoissa. (Ortbeteckning for biologiskt
material tillvarataget Finland. Therecording of

Hirvenoja: Fauna of cold springs

localitiesof biological findsin Finland.) — Ann.
Entomol. Fennici 37, 1a: 1-27.

Heikinheimo, O. & Raatikainen, M. 1981
Ruutukoordinaattien ja paikannimien kaytto
Suomessa, (Grid reference and names of lo-
calitiesin the recording of biological findsin
Finland.) — Notul. Entomoal. 61: 133-154.

Hirvenoja, M. 1960a: Okologische Studien tiber die
Wasserinsekten in Riihimaki (Sudfinnland). 1.
Chaoboridae (Dipt., Culicidae). — Ann.
Entomol. Fennici 26: 31-44.

Hirvenoja, M. 1960b: Okol ogische Studien tber die
Wasserinsekten in Rithimaki (Sudfinnland). 1.
Plecoptera. — Ann. Entomol.. Fenn. 26: 199-
201.

Hirvenoja, M. 1960c: Okologische Studien tiber die
Wasserinsekten in Rithiméki (Sudfinnland). 111.
Trichoptera.— Ann. Entomol. Fennici 26: 201-
221.

Hirvenoja, M. 1960d: Carex appropinquata
Schum., C.rhynchophysa C.A.M., C. acu-
tiformis Ehrh. jaC. riparia Curt. Riihiméael &
— Luonnon Tutkija64: 115-116.

Hirvenoja, M. 1961: Weitere Studien Uber
Chaoborinen (Dipt., Culicidae). Beschreibung
der Larve und der Puppe von Chaoborus
(Schadonophasma) nyblaei Zett. — Ann.
Entomol. Fennici 27: 77-83.

Hirvenoja, M. 1962: Ein Vergleich der Culiciden-
Fauna einiger sud- und nordfinnischen
Schmelzwasserlachen. — Ann. Entomol.
Fennici 28: 97-107

Hirvenoja, M. 1964: Studien Uber die Wasser-
insekten in Riihimaki (Sudfinnland). 1V.
Ephemeroptera, Odonata, Hemiptera, L epidop-
teraund Coleoptera. — Ann. Entomol. Fennici
30: 65-93.

Hirvenoja, M. 1973: Revision der Gattung
Cricotopusvan der Wulp und ihrer Verwandten
(Diptera, Chironomidag). — Ann. Zool. Fennici
10: 1-363.

Hirvenoja, M. 1998: Thehistory of Sompiojarvi and
Mustajarvi, Corynocera ambiqua lakes in
northern Finland, in light of the subfossils of
Chironomidae (Diptera). — Oulanka Reports
18: 7-35.

Hirvenoja, M. 1998: Chironomus coaetaneus sp.n.
(Diptera, Chironomidae) from the L okka Res-
ervoir northern Finland. — Oulanka Reports
18:53-61.

Hirvenoja, M. 2000: Macroscopic bottom faunain



Hirvenoja: Fauna of cold springs

the slack water and rapids of Pitk&koski inthe
river Vantaanjoki (Southern Finland). —
Memor. F.Fl. Fennici 76: 27-39.

Hirvenoja, M. & Michailova, P. 1991: The karyo-
type, morphology and ecology of Glypto-
tendipes aequalis Kieffer (Diptera, Chiro-
nomidae). — Entomol. Fennica2; 87-96

Hoffrén. J. & Penttilg, K. 1979: Riihiméen historia
|.— 1178 pp. Hameenlinna.

[lmonen, J. & Paasivirta, L. 2000: Eraiden
Uudenmaan lahteiden vesihyonteisista. —
Diamina2000:24-30.

Jonasson, PM. 1972: Ecology and production of
the profundal benthos in relation to phyto-
plankton in Lake Esrom. — Oikos Suppl. 14:
1-148.

Kaiser, EW. 1977. /g og larver af 6 Salis-arter
fra Skandinavien og Finland (Megaloptera,
Sialidae). — Floraog Fauna 83: 65-79.

Lammes,T. 2000: Suomen verkkosiipisten (Neu-
roptera) ja karsékorentojen (Mecoptera)
eldnmaakunnittainen levinneisyys. — Sahl-
bergia5:35-38.

Lehmann, J. 1971: Die Chironomiden der Fulda
(Systematische, 6kologische und faunistische
Untersuchungen). — Arch. Hydrobiol. Suppl.
37: 466-555.

Lindeberg, B. 1970: Tanytarsini (Diptera, Chiro-
nomidae) from northern Fennoscandia. -Ann.
Zool. Fennici 7: 303-312.

Lindegaard, C. 1995: Chironomidae (Diptera) of
European cold springs and factorsinfluencing
their distribution. — J. Kansas Entomol. Soc.
68(2) suppl.: 108-131.

Lindegaard, C. & Thorup, J. 1975: Theinvertebrate
fauna of the moss carpet in the Danish spring
Ravnkilde and its seasonal, vertical, and hori-
zontd distribution. — Arch. Hydrobiol .75: 100-
139.

Lindegaard, C., Brodersen, K.P.,, Wiberg-Larsen,
P. & Skriver, J. 1998: Multivariate analyses of
macroinvertebrate communities in Danish
springsand springbrooks. — In: Botosaneanu,
L. ed. Studies on crenobiology — The biology
of springs and springbrooks, pp. 201-219.
Backhuys Publishers, Leiden.

Luther, A. 1961: Die Turbellarien Ostfenno-
skandiens. I1. Tricladida. — FaunaFennica 11:
1-42.

Mauch, E. 1976: Leitformen der Sprobitat fir die
biologische Gewésseranalyse. Tell 5 (Heftinhalt:

23

Okologie). — Courier Forschungsinstitut
Senckenberg 21: 564-797.

Meinander, M. 1962: The Neuroptera and
M ecopteraof Eastern Fennoscandia. — Fauna
Fennica13: 1-96.

Mothes, G. 1968: Einige 6kologisch interessante
Chironomiden aus dem Stechlinseegebiet. —
Ann. Zool. Fennici 5: 92-96.

Nadig, A. 1942: Hydrobiol ogische Untersuchungen
in Quellen des schwei zerischen National parkes
im Engadin (unter besonderer Beruck-
sichtigung der Insektenfauna). — Ergebn.
wiss. Untersuchung schweiz. National parkes,
N.F. 1. 267-432.

Novék, K. & Sehnal, F. 1963: The development
cycleof some speciesof the genus Limnephilus
(Trichoptera). — Acta Soc.Entomol. Cecho-
slov. 60: 68-80.

Oliver, D.R. 1968: Adaptations of Arctic Chiro-
nomidae. — Ann. Zool. Fennici 5: 111-118.

Orendt, C. 1993: Vergleichende Untersuchungen
zur Okologielitoraler, bentischer Chironomidae
und anderer Diptera (Ceratopogonidae,
Chaoboridae) in Seen desnordlichen Alpenvor-
landes, mit einem Beitrag zur Eignung und
Verwendung von Chironomiden als Trophie-
Indikatoren. — Dissertation, Ludwig-Maxi-
milians-Universitét, Miinchen, 315 pp.

Palmén, E. 1959: Microcricotopus balticus n.sp.
(Dipt., Chironomidae) aus dem Brackwasser
desFinnischen Meerbusens. — Ann. Entomol.
Fennici 25: 61-65.

Palmgren, P. 1974: Die Spinnenfauna Finnlandsund
Ostfennoskandiens. — Fauna Fennica 24: 1-
70.

Peus, F. 1934 Dixiden und Culiciden aus L ettland.
— Notulae Entomol. 14: 69-78.

Reiss, F. 1965: Micropsectra praecox Meig. und
Micropsectra contracta n.sp. (Diptera:
Chironomidae) Chironomidenstudien I1l. —
Arch. Hydrobiol. 61: 228-241.

Reiss, F. 1968: Okologische und systematische
Untersuchungen an Chironomiden des Boden-
sees. Ein Beitrag zur lakustrischen Chirono-
midenfaunadesnordlichen Alpenvorlandes. —
Arch. Hydrobiol. 64: 176-323.

Reiss, F. & Fittkau, E.J. 1971: Taxonomie und
Okologie européisch verbreiteter Tanytarsus-
Arten (Chironomidae, Diptera). — Taxonomy
and ecology of european distributed Tany-
tarsus-species (Chironomidae, Diptera). —



24

Arch. Hydrobiol. Suppl. 40: 75-200.

Reiss, F. Sawedal, L. 1981: Keysto malesand pu-
pae of the Palearctic (excl. Japan) Para-
tanytarsus Thienemann & Bause, 1913,
n.comb., with descriptions of three new spe-
cies (Diptera: Chironomidae). — Ent. scand.
Suppl. 15: 73-104.

Rempel,J.G.: The Life-history and Morphology of
Chironomus hyperboreus. — J. Biol. Board
Canada 2: 209-221.

Sadher, O.A. 1975: Two new species of Protany-
pus Kieffer, with keys to Nearctic and
Palearctic species of the genus (Diptera:
Chironomidae). — J. Fish. Res. Board Canada
32:367-388.

Sagher, O.A. 1989: Metriocnemus van der Wulp:
a new species and a revision of species de-
scribed by Meigen, Zetterstedt, Staeger,
Holmgren, Lundstréom and Strenzke (Diptera:
Chironomidage). Ent. scand. 19: 393-430.

Sandberg, G. 1969: A quantitative study of
chironomid distribution and emergencein Lake
Erken.— Arch. Hydrobiol. Suppl. 35: 119-201.

Schwoerbel, J. 1980: M ethoden der Hydrobiologie
Slsswasserbiologie. — Uni-Taschenbiicher
979, 261 pp., Stuttgart.

Shannon, C.E. & Weawer, W. 1963: The mathemati-
ca theory of communication. — Illin. Univ.
Press, 117 pp., Urbana.

Siebert, M. 1980: Die Emergenz der Chironomiden
im Breitenbach 1969-1973. Schlitzer produc-
tionshiol ogische Studien 44. — Arch. Hydro-
biol. Suppl. 58:310-355.

Sladecek, V. 1973: System of water quality from
the Biological point of view. — Arch.
Hydrobiol. Beih. Ergebn. Limnol. 7: 1-218 +
64 Tables.

Steffan, A.W. 1965: Zur Statik und Dynamik der
Fliel3gewasser und zu den Moglichkeitenihrer
Klassifizierung. — In: R. Tuxen (ed.),
Biosoziologie: 65-110. Junk, Den Haag.

Sawedal, L. 1976: Revision of the notescens-group
of the genus Micropsectra Kieffer, 1909
(Diptera: Chironomidag). — Ent. Scand. 7: 109-
144,

Thienemann, A. 1941 L appl 8ndische Chironomiden
und ihre Wohngewasser. (Ergebnisse von
Untersuchungen im Abiskogebiet in Schwe-
disch-Lappland.) — Arch. Hydrobiol. Suppl.
17: 1-253.

Thienemann, A. 1954: Chironomus. Leben,
Verbreitung und wirtschaftliche Bedeutung der

Hirvenoja: Fauna of cold springs

Chironomiden. — Die Binnengewasser 20: 1-
834.

Tuiskunen, J. 1986: The Fennoscandian species of
Parakiefferiella Thienemann (Diptera, Chiro-
nomidae, Orthocladiinae). — Ann. Zool.
Fennici 23: 175-196.

Uhlmann, D. 1982: Hydrobiologie. Ein Grundriss
fur Ingenieure und Naturwissenschaftler.
Zweite Aufl., 315 pp., Stuttgart.

Varmanen, V. 1946: Hiukan Riithiméaen historiaa. —
87 pp. Riihimaki

Vepsdainen, K. 1973: Thedistribution and habitats
of GerrisFabr. species(Heteroptera, Gerridae)
inFinland. — Ann. Zool. Fennici 10: 419-444.

Verneaux, J. 1969: Tanytarsus palettaris n.sp.:
Une nouvelle espece de Tanytarsini (Diptera,
Chironomidae). Description de I’'imago © et
des stades préimaginaux. Données écolo-
giques. — Ann. Sci. Univ. Besangon Zooal. 5:
3-13.

Wagner, R. 1978; Chaoboridag, Dixidae. — In: Illies,
J. (ed.) Limnofauna Europaea: 387-395, Stultt-
gart.

Zavrel, J. & Pax, F. 1951: Die Chironomidenfauna
mitteleuropéischer Quellen. — Arch. Hydro-
biol. Suppl. 18: 645-677.

Selostus

Kylmat pysyvéavetiset ldhteet ovat 1900-luvun
kuluessa maanké&yton tehostuessa harvinaistuneet
tarkastellulla alueella Rithim&en pohjoispuolella
Kirjoituksessa kuvataan yhden viela nykyisin
sdilyneen, orgaanisellaaustallasijaitsevan, hieman
epavakaaksi muuttuneen allikkolahteen (limno-
kreenin) ympériston kehitystdjasitédvuosinal1956-
57 ja 1990 tavattua elaimistod. Lahteet kuuluvat
virtaavien vesien ekosysteemiin niiden ylimpinaja
kylmévetisimpindosina. Maan uumenistavirtaava
pohjavesi hapettuu nopeasti saadessaan ilma-
kosketuksen.

Kirjoituksessa on kuvattu myds samalla
seudulla sijaitsevan, maan sisaltd suoraan pur-
kautuvan pysyvan puron (puroldhde, rheokreeni)
|gjistoa. Puroldhde eroaaallikkol hteestdm.m.paljon
voimakkaampaan virtaukseen liittyvien tekijoiden
vuoksi. Lampdtila el ehdi paikallisesti nousta 4-5
asteesta kuten allikkolahteiden pintakerroksissa
tapahtuu ldhes kymmeneen asteeseen tai hyvin
paikallisesti korkeampiinkin léampétiloihin.

Tarkastellun purolahteen vesi paatyy epi-
rhithraalissa (= puron ylimmall& juoksulla), tassa
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tapauksessa erittain lahella lahdetta olevaan
padottuun lammikkoon. Sen déinlgjisto on &killisesti
erittéin hitaaks muuttuneessavirtauksessa sekoitus
virtaavien ja seisovien vesien faunaa. Epi-
rhithraalissakin veden lampdtila on viela 10°C
tienoilla. Tarkastellun lohien kasvatusallasta
eddtavan ilmastudammikon el dinlgjiston koostumus
osoittaa melko hyvéaa veden laatua. Periaatteessa
itse lahteiden vesien pitdisi luonnossa kuulua
laadultaan parhaimpiin, mita ne valttdmatta eivét
kuitenkaan ainakaikiltaominaisuuksiltaan ole.

L gjistoltaan runsaimpinaesiintyvét [éhteiden ns.
makrofaunassa surviaissdaskien toukat kuten on
laita muissakin vesistoissa (jarvissa hyvin usein
90%). Niita on pelkastéddn Euroopan |ahteista
tavattu yli kaksisataa lajia. Eléinlajeja on Kir-
jalisuudessa mainittu Euroopan |ahteisté runsaat
puolisen tuhatta, jotka eri yhdistelmin& tuottavat
melkoisen dinpaikkojenkirjon. Lgji- tai ykslomaarét
vai htelevat | 8htei ssi ai van samoissa suuruusl uokissa
kuinvirtaavissavesissatal jarvien rantavyohykkeella
vastaavan kokoisillapinta-aloilla. Y hden jérven koko
pohjan makrofaunavaihtelee sadan |gjin molemmin
puolin, muttayhden rajallisen alueen lgjimaéraon
karkeasti ottaen tavallisesti vain neljannessiita, jos
sitakaan.
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Edella olevassa kirjoituksessa tarkasteltujen
|ahteiden eléinlgjisto on osittain 1dheisten virtaavien
vesien faunaa, mutta yhteisia elementteja on
arktisten seutujen, jarvien jamurtovesienkin lgjiston
kanssa. Osa lahteidenkin lajeista elda vain
suhteellisen puhtaissa vesiss4, jollaista tilaa ne
ilmentavéat muissakin vesissa esiintyessaan.

Edella mainitun alunperin 1956-57 katsotun
limnokreenin pohjaelé@inlgjistoatutkittiin uudelleen
vuonna 1990 senja keen, kun seoli kaivettu kooltaan
n. 5-10 kertaiseksi (rii ppuen veden pinnan tasosta).
Yli 20 vuoden gjallisesta erosta, |8hteen kaivuusta
ja voimakkaista lahiympdriston puulgjistoa vaih-
tanei sta hakkui sta huoli matta pohjagl & misto nayttéa
1990 olevan l&hes entiselld4n vuoteen 1956
mieluumminkin ol osuhteiden paranemistailmel sesti
kaivuun antaman valjyyden vuoksi. Onilmeistd, etta
kosteikkojen suojelun tarkeimpiin tehtaviin pitéis
kuulua paitsi pohjaveden pinnan alenemisen
kohtuullinen varominen, erityisesti |ahteiden
pitaminen avoimina. Ei liene sensijaan mitéén syyta,
ellel muidentekemin perustedlisintutkimuksintoisin
osoiteta, kieltdd esmerkiksi metsén hakkuitat.m.s.
toimenpiteita niiden [&himmassakaan ympari stossa.



