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1. Introduction

1.1. Background — the exploitation of Lapland
rivers for hydroelectric purpose

During the past 25 years the rate of exploita-
tion of water systems in northern Sweden for
hydroelectric purpose has been rapidly in-
creasing. Today only very few large river
systems remain intact. One of these is Vindel-
dlven in central Swedish Lapland. About 1960,
however, plans were presented for the regula-
tion also of this river. The need for a docu-
mentation of the biological and other con-
ditions before the river was altered was ap-
preciated by conservation authorities, and in
1961 the author was asked to carry out a
preliminary faunistical survey in the upper
parts of the river system which were at that
time judged to be the most important ones
and also to be in greatest danger of exploi-
tation.

It soon became evident that a more ex-
tensive investigation of the animal com-
munities of the river was desirable. The area
was found to be suitable for such work which
was started in 1962.

1.2. Objectives and delimitation of the investi-
gation

The primary purposes were to describe and
analyse the qualitative and quantitative com-
position of the benthic animal communities in
relation to the environmental conditions and
to evaluate the significance of the population
movements known to occur in the running
waters.

The extent of the investigation was circum-
scribed in the following ways: 1) the choice of
localities was restricted to those with fast cur-
rent and bottom substrate consisting mainly
of large stones; 2) only shallow bottom areas
were sampled; 3) no attempt was made to

study the hyporheal community (Schwoerbel
1964), the investigation being explicitly di-
rected towards the ‘‘stone fauna”; 4) the
sampling technique employed was not de-
signed to catch the youngest larval and
nymphal stages (<2~3 mm); 5) the winged
stages of the amphibiotic insects will be dis-
cussed in another context; 6) the study con-
sisted entirely of field work, because of the
need rapidly to ascertain the prevailing ecolo-
gical conditions in view of impending ex-
ploitation and because of the distance from
the study area to the nearest ecological labora-
tory; 7) although all animals, within the
limits set by the sampling technique, were
sampled, the main interest was attached to
the mayflies (Ephemeroptera), stoneflies (Plec-
optera), caddisflies (Trichoptera) and black-
flies (Diptera Simuliidae) which together com-
prised by far the greatest part of the standing
crop of the localities studied.

1.3. The field work

The field work covered about 10 months
distributed as follows: 1961, 16-31/7 (faunistic
survey); 1962, 14-28/7, 1-22/8, 3-8/10; 1963,
7/6-13/8, 12-17/11; 1964, 4/5-18/9; 1965,
13/7-23/8; 1966, 8-10/6, 29/9-2/10.

1.4. Previous zoo-ecological work in Lapland
streams

Apart from pure faunistic inventories only a
few zoological studies have been devoted to
the lotic biotopes and their inhabitants in Lap-
land. The first analytical investigation cover-
ing a variety of such biotopes and different
systematic groups was that by Brinck and
Wingstrand (1949, 1951). Lately a number of
studies on running and/or still water biotopes
have appeared particularly by Miiller (1953
et seq.). Fishery biologists have conducted ex-
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tensive ecological work but chiefly in lakes;
some recent important contributions are those
by Grimas and Nilsson (1965) and Grim3s
(1967). Monographs by Brinck (1949) and
Carlsson (1962), although not restricted to
Lapland, contain much useful information
concerning Plecoptera and Simuliidae, re-
spectively.

1.5. Taxonomical and nomenclatorial remarks

The taxonomy and nomenclature follows
Limnofauna FEuropaea (Illies 1967) with a
very few exceptions.

Brekke (1938, 1965) considered that Amele-
tus alpinus Bgtn. was a synonym of A. inopina-
tus Etn., and this is accepted. Further, it was
shown by Brinck and Miiller-Liebenau (1965)
that what was previously called Baetis biocu-
latus L. should bear the name B. fuscatus L.
Illies (1967) merged this species with B. scam-
bus Etn. This conclusion is provisionally ac-
cepted, pending a thorough revision. In ad-
dition, I have also merged Metretopus alter
Bgtn. and Parameletus minor Bgtn. with M.
borealis Etn. and P. chelifer Bgtn., respectively.
However, these two species form a negli-
gible part of the total material.

Finally, the generic name Synafophora was
rejected for what is here called Glossosoma
intermedium (Mystrophora intermedia) Klap.

It was impossible to distinguish between the
larvae of Apatania stigmatella Zett. and A.
wallengreni McL. With regard to their differ-
ent flight-periods (Ulfstrand 1968: Tab. 3) it
was possible to refer most larvae to either
species. This is the only case where “indirect”
determination was resorted to. In all other
cases specific identifications were founded
on morphological criteria.

1.6. Terminological remarks

Many ecological terms have been used so
loosely that their meaning has become lost in
the process. “Biocenosis” and ‘‘zoocenosis”
are, in the author’s opinion, examples of this
unfortunate development, and they will not
be used in this paper. Some other terms were,
however, unavoidable, and their usage in this

paper will be explained here. For general
terminologal discussions, see e.g. Allee et al.
(1955), Odum (1959, 1963), Andrewartha
(1965) and Clark et al. (1967).

The term biotope is used for a part of the
environment within which some important
factors vary within certain limits. What
factors are important, and what amplitude
they may have within a biotope depends on
the animals under consideration.

The running waters of Lapland have a
great many important properties in common,
and can therefore under certain conditions be
regarded as constituting one biotope. In a
detailed analysis, however, endless numbers
of biotopes may be defined within any small
stream. Biotopes may, therefore, be conceived
on different scales, and sometimes it is useful
to add the prefixes macro- and micro- to in-
dicate what scale one is using. Such considera-
tions have led to the erection of elaborate
hierarchic biotope systems with a correspond-
ing terminology (Albrecht 1953, Steffan 1965).

All species and individuals inhabiting a bio-
tope make up a community. Similar definitions
were employed by Backlund (1945) and Brinck
(1949). Since all the localities in the study area
from which the benthic samples were taken
may be regarded as representing one biotope,
all the animals inhabiting the whole series of
localities represent one community. Further-
more, if the environmental factors are exam-
ined in detail and the biotope accordingly
subdivided, the community is consequently
broken up into several subcommunities. It is
therefore justified to state that the present
contribution deals with the animal community
of Lapland streams; but it is not contradictory
to say, for example, that outlet communities
differ from those found at other sites in the
rivers, since it is understood that it is subcom-
munities that are being referred to.

All the individuals and species of a given
major taxon (family, order etc.) inhabiting a
biotope make up a zoome (cf. Brinck 1949).
It seems to make for clarity not to employ the
term community in this context. Population is
used to denote the total number of individuals
present of one species only.

All species making up a community are
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bound to have a great many properties in
common. For example, all members of the
community of Lapland streams have to be
able to survive a long period of darkness and
low water temperature. At the same time,
they have to differ in certain respects, in order
not to interfere with each other’s conditions
of existence (De Bach 1966, Berthélemy 1967).
The continuous coexistence of two or more
species proves that they are able to survive in

each other’s presence; but the use of the word
community in this paper does not imply that
all species are dependent on each other (Dice
1952, Iilies 1961 a).

A biotope, as the term is used here, is in-
habited by a community, whose members
have many common features, as well as some
distinctive ones. A habitat, on the other hand,
is the totality of all sites where a given species
regularly dwells (cf. Macan 1963).

2. Environmental conditions

2.1. Physiographical survey

2.1.1. Geographical position

The geographical position of the study area is
shown on Fig. 1. The field work centred around

Norway
°
©

50

0
Bothnian Gulf [ 1 1?0km

Fig. 1. Orienting map of the Vindeldlven water
system.

the village of Ammarnis (lat. 65°58'N, long.
16°12°E). The area is shown in further detail
in Fig. 2, where the sampling localities and
other features of interest are entered.

2.1.2. Topography

Vindeldlven has its sources close to the Nor-
wegian border at an altitude of approx. 1,000
m above sea level in the central part of the
Scandinavian mountain chain. It rises as
several streams winding over the mountain
plateaux. Some 25 km from its sources it
descends into the subalpine birch zone. Large
stretches have only a very weak fall-gradient,
so that the river takes the form of a series of
elongated lake-like extensions, largely with
soft substrates. About 12 km upstream of
Ammarnis the river becomes much more tor-
rential. This continues until it falls into the
lake Gautstrdsk at Ammarnds. Downstream
of this lake there is a stretch of about 10 km
of torrential rapids, followed by a long lake-
like part, at the lower end of which the lower-
most sampling locality is situated.

The tributary Tjulan (see Fig. 2) rises in the
mountains to the west of Ammarnids at an
altitude of approx. 750 m. Several medium-
sized streams drain into a lake known as Lilla
Tjultrdsk and unite in a delta in the western
end of the lake. This lake drains into Stora
Tjultrisk, at an altitude of 540 m. Stora Tjul-
trask empties into Tjuldn which in the course
of about 10 km falls no less than 140 m before
falling into Gautstrésk.

Both Gautstrdask and Stora Tjultrdsk are
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Fig. 2. Map of the Ammarnis area. Letters refer to sampling localities.
Figures show altitude in m above sea level.

very deep lakes with little emergent vegetation
except in the western deltas. Lilla Tjultrisk,
on the other hand, is extremely shallow, has a
soft bottom and a dense carpet of submerse
vegetation described by Wassén (1965).

From its source in the mountains to its
mouth into the river Ume 4lv near the coast of
the Bothnian gulf, Vindeldlven traverses a
distance of 444 km. Its total catchment area
amounts to 12,655 km2, of which half is up-
stream of Sorsele (Fig. 1). It is the eighth
largest river in Sweden (Kungl. Vattenfalls-
styrelsen 1962).

For a detailed description of the topography
of the southern and central parts of the Scan-
dinavian mountain chain, incl. the Ammarnés
area, see Rudberg (1954).

2.1.3. Geology

The study area lies almost entirely on a special
geological formation called “the Ammarnis
complex of phyllite, greywacke and arkose”
(Gavelin and Kulling 1955). Geolegically it is
part of the mountain chain proper. Within
the whole catchment area of Vindelilven only

very small areas of limestone and/or dolomlte
have so far been detected.

2.1.4. Air temperature, precipitation, snow cover
The nearest official meteorological station is
Vindel-Storsjé (abbr. V. Storsjo in Fig. 1)
about 45 km SE of Ammarnis. The conditions
at this place are probably sufficiently similar
to those prevailing in the Ammarnis area to
provide an adequate description of the general
climatic conditions. The correlation between
the air temperatures as recorded on thermo-
graph at Ammarnds at 21 hr and at Vindel-
Storsjo at 19 hr was very close indeed (r =
+0.97). In absolute figures, the temperature
at Ammarnis was about 2° lower.

The air temperatures of 1962 to 1965 at
Vindel-Storsjo are shown in Fig. 3. Hard
frost regularly occurred from November to
April. Only in June to September is frost
irregular and wusually mild. Temperature
fluctuations from year to year in winter are of
little importance for benthic animals, but
during the rest of the year they may have a
considerable effect. With regard to the sum-
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Fig. 3. Air temperature as reported from the official meteorological station at V. Storsjé (see Fig. 1).

Upper cross-bar shows mean daily maximum, lower cross-bar mean daily minimum and middle

cross-bar mean monthly temperature. Data from the Swedish Meteorological and Hydrological
Institute.

mer half-year, 1963 was characterized by
generally high air temperatures (May, August,
September).

Average monthly precipitation in the years
1962 to 1965 at Vindel-Storsjo and Tjultrisk is
shown in Fig. 4. The annual precipitation was,
as expected, considerably higher at the latter,
more westerly site (average 618 mm) than at
the former (479 mm).

The duration of the snow cover at Vindel-
Storsj6 is shown in Fig. 5, from which it ap-
pears that the ground was snow-covered from
early November to early May. In the vicinity
of Ammarnis, snow fields usually remained
well into June, and in the surrounding moun-
tains there are perennial snow fields and small
glaciers.

2.1.5. Water temperature,

ice conditions, flow

Water temperature was measured by the
Swedish Meteorological and Hydrological
Institute at Forsnds (see Fig. 1). It was
measured once a week with a mercury ther-
mometer at a depth of approx. 1 m in slowly
running water.

The annual course of the water temperature
in 1962 to 1965 is shown in Fig. 6. Water
temperature was consistently below -+1° from
November until late March. In April it was
about +3°. The highest values, about +13°,
were recorded in July and August. The very
rapid rise in May and June is one of the most
characteristic features of these mnortherly
waters.
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Fig. 4. Average monthly precipitation at Tjul-

trask (upper graph) and V. Storsjo (lower graph)

in 1962 to 1965. Data from the Swedish Mete-
orological and Hydrological Institute.

As with the air temperature, certain year-
to-year differences were also found in the
water temperature. It rose unusually early in
1963, but this was compensated by a consider-
able drop in June. The cooling was delayed in
the autumns of 1963 and 1964 compared with
the other two years.

Duration of ice cover is given in Fig. 7. In
the three years for which comparison is pos-
sible, Lilla Tjultrisk became ice-free 5, 11,

and 12 days earlier than Stora Tjultrdsk, the
lower of the two lakes in the river system.
Considerable local differences are discernible
from the graphs, whereas year-to-year differ-
ences were relatively small and desultory.

Some data on flow are assembled in Tab. 1.
At the outlet of Vindeldlven from Gautstrask
the flow was more than 13 m3/sec for 509,
of the year; the corresponding figure for a
point 15 km upstream of Gautstrisk in Vindel-
dlven was 5.9 m3/sec and 3.0 m3/sec for a
point in Tjuldn. According to the useful
stream classification employed by Brinck
(1949) this places the lower part of Vindel-
dlven in the category of ““northern rivers”, the
upper parts of the same river make a border-
line case between ‘“‘northern rivers” and
“northern streams”, whereas Tjulan is a good
example of the latter group.

Seasonal fluctuations are extremely great
(Fig. 8). The highest flow, usually occurring
in June, is about 100 times the lowest values
which are found in the period preceeding the
break-up of the ice. Daily fluctuations are also
considerable (cf. § 9.4).

2.1.6. Vegetation

Vindeldlven crosses the upper limit of coni-
ferous forest approx. 15 km upstream of
Ammarnids, and Tjuldn crosses it approx.
3 km downstream of its outlet from Stora
Tjultrdsk. Thus, most sampling localities were
located in the high boreal coniferous zone
(the taiga), while a few (A, D, O) were in the
subalpine birch forest zone.

With the exception of the colonial diatom
Didymosphenia geminata, macroscopic vegeta-
tion was very sparse or absent in lotic parts.
Filamentous green algae were sometimes

1965 A - — — - 1966
1964 ++++4+ 1965
1963 +4 44+ + 4+ 1964
1962 ++ 1963
1961 2 =0 0— = — — - — +4e 1962
L 1 ] L L L L I
Oct Nov Dec Jan Feb Mar Apr May

Fig. 5. Duration of snow cover at V. Storsjo. A line shows complete cover; crosses indicate partial
cover; dashes followed by arrow indicate no information. Data from the Swedish Meteorological
and Hydrobiological Institute.
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1961 1962
B
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c
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Fig. 7. Periods of ice cover. Downward arrow

indicates beginning of ice cover, upward arrow

the break-up of ice. A = Stora Tjultrisk, B = Lilla

Tjultrdsk, C = Tjuldn at loc. N, D = Vindel-

4lven at loc. E, E = Vindeldlven at loc. H

(cf. Fig. 2). Data from the Swedish Meteorolog-
ical and Hydrological Institute.

abundant at locs. E, F, G and H and occurred
sparsely at loc. A. The emergent water vegeta-
tion of soft bottom river parts in calm reaches
was not studied.

2.1.7. Human influence

The human population of the study area is
very sparse. The village of Ammarnds has

Tab. 1. Water flow data from Vindeldlven and
Tjuldn in m3/sec. Averages from 1925 to 1954.
A = Vindelilven at the outlet from Gautstrisk,
B = Vindelédlven approx. 20 km upstream of
Ammarnis, C = Tjulan at the outlet from Stora
Tjultrask (cf. Fig. 2). Information supplied by
Kungliga Vattenfallsstyrelsen (State Hydroelec-
tricity Board).

A B C
Extreme high flow........ 540 290 130
Average high flow........ 270 140 65
Average annual flow...... 33 15 7.8
Flow during 509, of year.. 13 5.9 3.0
Average low flow......... 30 15 09
Extreme low flow......... 1.5 08 04
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Fig. 8. Seasonal fluctuations of water flow.

A = Vindeldlven at the outlet from the lake

Gautstrisk, B = Vindeldlven about 20 km up-

stream of Ammarnids, C = Tjuldn at the outlet

of the lake Stora Tjultrisk. Data from Kung-

liga Vattenfallsstyrelsen (State Hydroelectricity
Board).

some 300 inhabitants many of whom are rein-
deer herdsmen and are absent from the village
for at least half the year. Domestic effluents
pass through a purification plant installed in
1963. Part of the sewage previously drained
into a small pool in the village, and this pool
is the only water body of the area showing
signs of pollution. In general, the quantities
of sewage are negligible in relation to the vast
water volumes of the rivers.

Log-floating occurs to a limited extent.

Small quantities of logs are dumped on the
ice in winter and float downstream in spring.
The amounts of bark deposited on the bot-
tom are small and probably do not interfere
with the ecological conditons in any way (cf.
Miiller 1962 a).

Locally the populations of Salmo trutta L.,
Salvelinus alpinus L. and perhaps Thymallus
thymallus L. may be reduced because of in-
tense sport angling.

Within the Ammarnis area the rivers and
streams may be regarded as unchanged by
technical exploitation and pollution, apart
from the diffuse global air pollution. There
are very few places in Europe of which this
may be said.

2.2. Description of sampling localities

2.2.1. Location and general features of the
localities

Most of the benthic samples were taken from
ten localities, the positions of which are shown
in Fig. 2. A small number of samples were
taken from five additional localities (C, F,
G, J, M) which are entered on the map but
will not be described in further detail.

Loc. A (Fig.9). Tjulan, at the outlet of Stora Tjul-
trisk (alt. 540 m). Most of the river is very shal-
low, with a somewhat deeper central channel. At
normal summer flow, the depth nowhere exceeds
100 cm. Very dense carpet of Didymosphenia ge-

Fig. 9. Loc. A. Tjulan, at the outlet of Stora
Tjultrask at high water level. June 1964. Photo
S. Ulfstrand.
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minata in central channel, otherwise only
scattered tufts. Small amounts of filamentous
green algae and water moss near the shores.
Some large boulders protrude above the water.
Surroundings: dense, rich birch forests.

Loc. B (Fig. 10). — Tjulan, about 3 km upstream
of Ammarnis. Strong current, relatively uniform
over considerable areas. Scattered tufts of D.
geminata, very little moss and no green algae.
Surroundings: partly meadows cropped for hay,
partly mixed forest.

Loc. D (Fig. 11). — In the river connecting
Lilla and Stora Tjultrask. Most of the stream is
very deep and slow-flowing, but at the sampling
locality there is a short zone of faster current.
Lenitic biotopes near by, and a small brook from
the mountain side flows into the stream im-
mediately below the sampling site. Small tufts of
moss, otherwise no macroscopic vegetation.
Surroundings: rich birch forest, willow thickets,
some marshland.

4

Fig. 10. Loc. B. Tjulain. Medium water level.
July 1965. Photo S. Ulfstrand.

Fig. 11. Loc. D. The river between Lilla and
Stora Tjultriask at moderately high water level.
June 1964. Photo S. Ulfstrand.

Fig. 12. Loc. E. The outlet of Vindeldlven from
Gautstrisk. Very low water level. May 1964.
Photo S. Ulfstrand.

0 i, = g 5
Fig. 13. Loc. H. Vindelilven. Medium water
level. July 1965. Photo S. Ulfstrand.

Loc. E (Fig. 12). — Vindeldlven at the outlet
of Gautstrask. Resembles loc. A although on
a larger scale. Very large boulders protrude above
water making current conditions extraordinarily
variable; these boulders become almost sub-
merged at extreme spring flow. A narrow deep
zone in the middle, where the stones are covered
by D. geminata, which also occurs in the shallower
areas, although less densely. Filamentous green
algae often plentiful. Surroundings: mixed
forest, mainly conifers.

Loc. H (Fig. 13). — Situated at the downstream
end of a long lake-like river extension in Vindel-
dlven. Current even and strong, no emergent
boulders. Much moss and green algae, very
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Fig. 14. Loc. K. Vindeldlven. Extremely high
water level. May 1964. Photo S. Ulfstrand.

little D. geminata. Lenitic biotopes nearby. Sur-
roundings: open hay fields, some farmsteads,
coniferous forest.

Loc. K (Fig. 14). — In Vindeldlven, about 4 km
upstream of Ammarnis. A very variable locality,
with some soft bottom at the upper end and large
boulders protruding above the water. Some
moss, otherwise no visible vegetation. Sur-
roundings: open poor mixed forest.

Loc. L. - Closely resembling the previous locality,
with much sand between the stones. A small
brook with loc. P flows into Vindeldlven about
50 m upstream of this locality. Practically no
water vegetation. Surroundings: same as pre-
vious locality.

Loc. N. — Tjulan, in the village of Ammarnis.
Closely similar to loc. B (q. v.).

Fig. 15. Loc. O. Stream falling into Lilla Tjul-
triask from the west. In the background the low
fjeld Jenovardo, 885 m above sea level. Moder-
ately high water level. June 1964. Photo S. Ulf-
strand.

Fig. 16. Loc. P. Small stream falling into Vindel-
dlven. Medium water level. July 1965. Photo
S. Ulfstrand.

Loc. O (Fig. 15). — Sampling site located just be-
low a waterfall in a stream flowing into Lilla
Tjultrask from the west. Stream uniformly
shallow. A great deal of D. geminata, very little
moss. Surroundings: dense and in places tall
virgin birch forest.

Loc. P (Fig. 16). — A small brook falling into
Vindeldlven, width 1 to 1.5 m. Uneven current,
many diminutive waterfalls and calm pools.
Originates from several small tarns on open
moorland in the birch zone. Much moss, no
other visible aquatic vegetation. Surroundings:
mixed forest with much birch, willow thickets
along the brook, partly sheltering the stream
from direct insolation.

2.2.2. Current

The current velocity was measured with an
Ott propeller at depths of 10, 25 and 40 cm,
the propeller always being held 5 cm above
the bottom. In addition it was measured at
the surface where the water was 40 cm deep.
All values are averages of five readings, each



Benthic animal communities 17

Tab. 2. Current velocity measurements from different stream localities in the Ammarnés area. Each
value represents the average of four measurements.

Loc. June 1964 July 1962 August 1962

a b c d a b c d a b c d
A....... 118 60 83 94 92 41 68 76 85 35 58 70
B....... 115 54 75 86 100 40 63 74 90 40 61 70
C....... 148 78 90 108 118 68 85 94 112 60 83 96
D...... 80 35 56 67 69 30 41 56 717 39 44 58
E....... 128 66 87 104 100 53 88 92 105 50 79 86
G...... 110 57 79 93 89 53 69 75 96 59 66 74
H...... 137 79 104 113 98 70 80 20 94 68 82 86
K...... 102 71 83 88 79 68 73 75 88 61 71 78
L....... 113 64 80 93 101 64 72 79 102 58 63 78
M...... 119 72 79 94 105 68 75 83 104 64 77 84
N...... 121 60 78 94 94 41 60 75 98 44 60 72
Ool...... 100 65 81 90 88 48 57 69 74 40 53 59
PL2.. ... 64 35 41 - 66 37 43 - 58 33 39 -

a = water surface at 40 cm depth

C =
b = 5 cm above bottom at 10 cm water depth d =

1 Measurements refer to 1964 throughout.
2 a, in this case at 25 cm water depth.

reading covering 60 sec. The data are collated
in Tab. 2.

Such current measurements obviously have
a limited direct relevance for the benthic
animals most of which live in crevices between
and under stones, in tufts of vegetation, or in
other places where the full force of the current
is mitigated. Even when moving over exposed
stone surfaces they remain in the lowermost
water layer with much reduced current speed
(Ambiihl 1959, 1962, Jaag and Ambiihl 1962).
Yet the rough measurements are of impor-
tance, since they indicate the sedimentation
conditions which directly influence the life
conditions of the animals. Macan (1961 b)
found it difficult to explain why some species
are restricted to calm parts of the stream,
considering that animals are generally able to
avoid the current force in the fast-running
parts. Part of the explanation may lie in the
different sedimentation conditions; a detritus
consumer probably finds a richer food supply
where the current is slower (cf. § 10).

Current speed as such probably has a
limited direct influence on the life conditions
of the animals but is of great importance be-
cause of its indirect effects (substrate, oxygen

2 OIKOS Suppl, 10 (1968)

5 cm above bottom at 25 cm water depth
5 cm above bottom at 40 cm water depth

etc., cf. § 4.2; see also Scherer 1965a, Eriksen
1966, Cummins 1966, Thorup 1966).

As is apparent from the table, all localities
were characterized by swift current. Locs. D
and P had somewhat lower values than the
rest. The water is ‘“‘rushing” rather than
“streaming”, in the sense of Ruttner (1963).
Notwithstanding the variations, all localities
were evidently within the same ecological
category (cf. Nielsen 1950, Ruttner op. cit.).
Within each locality, current conditions were
extremely variable. Velocity measurements
frequently varied between O and 175 cm/sec
at points only about 1 m apart.

2.2.3. Substrate, including organic deposits

The present study primarily concerns the ani-
mal community of the large stones in fast
current (§ 1.2). In the sampling, stones less
than 6 cm along their longest axis were not
removed, as a substrate consisting of so small
stones was considered to constitute a different
environment, and stones larger than 35 cm
were for practical reasons ignored. Within this
size range, the aim was to remove stones
without bias.
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Tab. 3. Average stone dimensions based on

random sample of 100 stones from each of the

localities from the Ammarnids area. Stone sur-

face area estimated as maximal length X maxi-
mal breadth (standard area).

Average stone Thickness Surface area

Loc.  surface (cm2) (cm) “thickness
A 185 3.6 51.4
B 161 3.9 41.3
D.... 153 4.1 37.3
E..... 237 3.0 79.0
G.... 203 3.4 59.7
H 172 3.8 45.3
K.... 198 3.9 50.8
L..... 188 3.5 53.7
M.... 227 3.5 64.9
N.... 150 3.7 40.5
o . 223 3.6 61.9
P..... 187 3.2 58.4

Three measurements were taken of every
stone from which animals were collected:
greatest length, greatest breadth, and greatest
thickness. By multiplying the first two values,
one gets an estimate of the bottom surface
arca represented by that particular stone. Of
course, the measurement is very rough, but
yet has proved adequate for comparative pur-
poses (cf. Miiller 1953, Dittmar 1955 a, b,
Schwoerbel 1966). Areas measured in this way
will be referred to as standard areas.

The average stone standard area at each
locality is shown in Tab. 3. In spite of
certain local differences the localities belong
to a similar general type, indicating the con-
tinuous or periodic operation of swift current.
According to Cummins’ (1962) classification
the substrate may be called “cobble” and is
referable to class —6 or —7 in his scale.

The shape of the stones is described as
thickness in relation to standard area. It may
be seen from the table that particularly flat
stones were found at loc. E and the roundest
ones at locs. D, N and B.

The amounts of finer inorganic and organic
matter were assessed as follows. A portable
pump was fitted with a 4 m inlet pipe, dia-
meter 5 cm, with a funnel attachment with a
distal diameter of 22.5 cm. The opening of

the funnel was covered with a wire-grid with
mesh-size approx. 2 cm. In action the funnel
was moved over the bottom like a vacuum-
cleaner for 4 min, covering a semicircle with
the pump in the centre. The area sampled in
this way can be considered as constant. The
material sucked into the pump was collected
first in a silt separator fitted on the inlet pipe
and then in a nylon gauze bag (mesh-size
145 p) through which the outlet water was
filtered.

The separated material was preserved and
later analysed for organic and inorganic com-
ponents. The preservative fluid was decanted,
the sample dried at 105° for 24 hr, and the
residue weighed. After ignition at 500° in a
muffle oven it was reweighed.

The finer fractions of bottom substrate con-
sisted of several categories: 1) relatively
coarse inorganic material not normally moved
by the water such as gravel and packed sand
in sheltered sites, 2) fine silt of mixed organic
and inorganic origin deposited at falling flow
and eroded at high flow, 3) organic debris
(detritus), mainly remnants of vascular plants
from the terrestrial vegetation. All these kinds
of substrate were obtained in the pump.

In Tab. 4 the amounts of finer inorganic
and organic fractions as well as the size
distribution of inorganic particles based on
samples taken in August 1965 are shown.

Tab. 4. Amounts of inorganic material (dry

weight) and inorganic particle size distribution

at different localities. Based on suction pump

samples from August 1965. Each figure is average
of four samples.

Percent weight distribution
Organic Inorganic on particle size classes
Loc. (g/m2) (g/m2) >2mm 2-0.2mm <0.2mm

A.. 37 197 78 16 6
B... 1.6 86 80 19 1
D.. 47 140 63 23 14
E... 49 94 71 20 3
H.. 36 99 85 15 0
K.. 438 131 87 12 1
L... 18 210 80 17 3
N.. 22 89 76 22 2
O.. 49 133 91 9 0
P... 6.8 173 - 74 20 6

i
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Four samples were taken on each site at
depths varying from 10 to 40 cm. Certain
local differences emerge from the data. Thus,
locs. B, E, H and N have low figures for in-
organic matter (sand, etc.) in comparison with
locs. A, L and P. There is a group of localities
with comparatively high organic values, viz.
D, E, K, O and particularly P, whereas locs.
B, L and N had very low values. With respect
to particle size, loc. D had a markedly higher
proportion of fine matter than any other.

In November 1963 and on several occasions
in 1964 a rough estimate of the amounts of
coarse detritus (vegetable debris) was obtained
using the pump as described above. Organic
material was separated from inorganic ma-
terial by repeated flotation. When all visible
inorganic particles had been removed, the
organic matter was dried for 10 min in the
open air (not exposed to sun) and then
weighed with an accuracy of 1 g. Four such
samples were taken on each occasion and
averages calculated. The result is set forth in
Fig. 17, from which may be seen that locs. P,
E and A had relatively high values. Great
amounts were obtained in May, i.e. before
the annual melting spate had started. Quanti-
ties sank generally during summer, and there
was again a very considerable increase in au-
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Fig. 17. Seasonal fluctuations of amounts of

coarse detritus on the stream bottom, based on

suction pump samples. Letters at column bases
refer to localities.
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tumn due to leaf-fall. Obviously, a large part
of the detritus derived from the leaves re-
mained throughout winter.

2.2.4. Periphyton

The periphyton vegetation, mainly diatoms,
is an important food source for benthic ani-
mals. Without aiming at accurate measure-
ments, a simple technique was employed to
obtain comparative figures from different lo-
calities.

A stone was removed from the bottom and
rinsed without rubbing. A fairly smooth sur-
face on its upper side was chosen and de-
limited by a rubber ring. The surface was
first rubbed with a fine paint brush and then
with a stiffer brush. The material brushed off
was collected in a jar containing water and
later filtered. Macroscopically visible inorganic
particles were removed. The residue was care-
fully transferred to a crucible and dried at
105°, weighed, ignited and reweighed, so as to
obtain the dry-weight of the organic matter. —
A more elaborate but basically similar method
was described by Cummins (1966).

The samples were taken in August 1965 and
the results are shown in Tab. 5. The lake out-
lets as well as locs. D and P were characterized
by relatively large amounts of periphyton.
The high figures at the outlets may partly be
the result of drifting plankton becoming stuck
in the periphyton (cf. Chandler 1937).

Tab. 5. Periphyton in mg/dm?2 dry weight sam-
pled in August 1965 as described in text.
Values should be regarded as relative rather than
absolute.

Number of Average amount

Loc stones of periphyton
Ao 4 13.6
B............. 4 2.0
D............ 2 16.8
E............. 4 19.8
H............ 4 22.2
K.......o..... 2 4.7
N, 4 5.3
............ 2 6.3
............. 5 15.0
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Tab. 6. Undissolved organic and inorganic matter (mg/l) in water samples from localities in Vindel-
dlven and Tjuldn in different months 1964,

May June July September
Locs Org. Inorg. Org. Inorg. Org. Inorg. Org. Inorg.
B........ 1.5 1.0 2.5 2.5 3.0 0.5 <0.5 <0.5
E........ 1.0 1.5 3.0 <0.5 2.5 <0.5 0.5 0.5
Jooo..... 2.0 14.0 <0.5 1.0 <0.5 0.5 <0.5 1.0
N....... - - 1.5 0.5 - - - -
2.2.5. Seston time of day (about 2 hr before sunset) to

The organic material drifting with the current
may be divided into a macro-fraction consist-
ing of mainly lotic benthic nymphs and larvae
and a micro-fraction consisting of mainly
lenitic planktonic organisms and suspended
organic matter.

A number of samples were taken from
different places in the rivers and analysed for
total undissolved organic and inorganic con-
tent at the Laboratory of Water Chemistry,
“Jarven”, Umea. As shown in Tab. 6, the con-
tent of inorganic substance was rather con-
stant except for a deviating sample from loc. J
in May. The organic material occurred in
larger quantities at locs. B and E than at J and
in June and July as compared with May and
September. These comparisons indicate the
influence of lakes on river seston.

Local differences in amounts of net-plankton
were roughly estimated through sampling
with plankton-bags placed in the river for
15 min. All samples were taken at the same

minimize the effect of the circadian rhythms.
The bags were equipped with flow-meters, so
that the volume of net-plankton could be re-
lated to the water volume filtered.

As is apparent from Tab. 7 locs. A and E
had much larger amounts of net-plankton in
summer than any other locality. Loc. H had
also a relatively high value. Locs. B and N had
lower summer peaks, which were synchronized
with those at locs. A and E. At all these locali-
ties, lake plankton was prominent.

At locs. K, O and P, quantities of plankton
were small and seasonal fluctuations almost
absent. No larger lakes occur upstream of
these places, at which the plankton obviously
consisted mainly of river bottom species etc.
(cf. Miiller-Haeckel 1966, 1967).

Although not quantitatively studied, it was
apparent that the composition of the catch
was very different at for example locs. A and
B. At the former site, it consisted of a great
many planktonic crustaceans imbedded in a

Tab. 7. Volumetric estimate of net-plankton drift in rivers and streams in the Ammarnis area.
Mesh size 89 p. Quantities expressed as mm3/m3 (= 10-3 ml/103 I).

1964 1965
Loc. May June July August September July
- 1,100 14,200 19,600 3,300 1,500 26,000
B............ 850 5,000 3,100 1,400 450 3,800
E....o..o.ooon. 1,000 14,500 23,600 3,900 1,000 20,500
H........... 1,400 10,100 6,300 2,200 700 4,700
K........... 700 800 600 650 550 950
N........... 700 2,300 1,900 800 600 1,300
[ - 750 900 - 500 850
800 650 550 350 700 950
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mass of phytoplankton, at the latter site the
amounts of phytoplankton were much re-
duced, whereas the zooplankton occurred in
about the same quantities. This indicates a
more rapid disappearance of phytoplankton
along the river course.

In contrast to this observation Chandler
(1937) noted that the rate of disappearance of
phyto- and zooplankton was about the same.
Apparently several factors may influence the
fate of lacustrine plankton in streams, e.g.
current, substrate type, amount of vegetation
and removal by filter feeders, in the Ammar-
nés area particularly blackfly larvae.

2.2.6. Water temperature and break-up of ice

The break-up of the ice was observed in part
in 1964. It was found that Vindeldlven up-
stream of Gautstriask became ice-free about a
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fortnight later than below Gautstrisk; Tjulan
became ice-free at the same time as the lower
parts of Vindeldlven. Small brooks, such as
the one with loc. P, became open at a very
early date. Locs. D and O were inaccessible at
the time. The transition from almost complete
ice-cover to almost free flow in the upper part
of Vindeldlven took place within about 12 hr.

Local temperature differences were studied
by means of mercury-in-copper thermographs
which incorporated a compensation device to
eliminate the influence of air temperature on
the readings. The sensitive bodies were placed
on the bottom at 20 to 40 cm depth and pro-
tected from direct radiation by a brick tube.
Care was taken not to impede the flow around
them. The thermographs were weekly checked
against first-class mercury thermometers.
Readings could be made to 0.1°.

Five localities were selected to show a

" N =
" 0O »
" P "
" K "

Fig. 18. Water temperature at five localities in the Ammarnis area. Based on thermograph recordings.
Averages for 10- or 11-day periods.
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variety of conditions. Loc. E represents a lake
outlet, and loc. K conditions in a large stream
without a lake anywhere near it. Loc. N was
intermediate, being almost 10 km below a
lake. Locs. O and P were to represent the
smaller streams. The former of these two
streams ran over open heathland for most of
its upper course, whilst the latter traversed
partly sparse, partly dense forest.

The temperature curves (Fig. 18) disclose
certain important local differences (cf. Schmitz
1954, Macan 1958 a, Edington 1966). The
small streams heated up more rapidly and
attained their annual peak earlier than the
rivers; their peak was relatively high. On the
other hand, they cooled off rapidly in au-
tumn. Lakes exerted their maximal influence
in autumn (Hrbacek and Straskraba 1966)
through delaying the cooling of the down-
stream river stretch. Loc. K showed a particu-
larly low temperature, whereas the highest
temperature was recorded at loc. O, the
highest locality situated in subalpine birch
forest. This is probably due to the shallowness
and the dark colour of the bottoms of the
streams and small lakes on the plateau heath-
lands, from which its water derived. Around
summer solstice, irradiation continues for
24 hr a day, and there is little or no vegeta-
tion to screen off the energy inflow. Elevated
water temperatures in the uppermost parts of
river systems were, although under rather
different conditions, also observed by Miiller
(1954 a).

The curves are strongly smoothed, since
they are based on average values deriving
from 8 readings per 24-hr period and com-
bined for 10-(11-)day periods. Average values

for daily temperature amplitudes in cor-
responding periods are shown in Tab. 8. The
stabilizing effect of large volume and of
lacustrine influence is readily seen. The close
contact between air and water in the tor-
rential course of Tjuldn resulted in compara-
tively large daily amplitudes. In June, all
basins are full of melting water reducing local
differences.

On several occasions water temperatures of
above 16° have been measured in the Am-
marnds area, the maximum being 19.3° at loc.
O in August 1963. Periods of water tempera-
tures above 14° were, however, always of very
short duration, only rarely covering 2 or 3
consecutive days. High air temperature is ac-
companied by increased snow-melting and
thus does not necessarily result in markedly
higher water temperatures. Moreover, the
instability of the weather makes long spells of
warm weather a rare occurrence.

2.2.7. Oxygen, pH, ionic composition

The oxygen content of the water was measured
using standard Winkler method. A selection
of representative values (compensated for al-
titude) are shown in Tab. 9. The river waters
were usually more or less saturated with
oxygen, and slight super-saturation was fre-
quently recorded (cf. Lindroth 1957).

Very small local differences in » and pH
were established (Tab. 9). Conductivity was
low, and pH about neutral.

Some results of water analyses performed
by Dr. Th. Ahl, Uppsala, emphasize the ion
poverty of the water. Only small differences
between Vindeldlven and Tjulin were noted
(Tab. 10).

Tab. 8. Average daily water temperature amplitude per 10- or 11-day period at five stream localities
in the Ammarnis area.

Period: 5/L 5/IF S/IIT 6/ 6/I1 6/1IL 7/ 7/11 7/1I1  8/U /I 8/II1 9/ 9/I1 9/III
Loc.

E....... 0.1 0.1 0.2 0.1 0.2 0.1 04 0.7 04 0.1 04 04 02 0.1 0.2
N...... 1.5 1.2 1.4 20 20 1.7 1.6 1.1 1.0 0.7 13 1.1 0.5 05 0.6
O....... 1.2 1.8 1.8 29 2.7 29 1.9 2.8 25 3.0 2.2 1.7 20 23 19
P....... 21 2.0 23 26 23 23 20 24 19 1.7 19 20 1.5 2.2 1.8
K...... 0.6 0.8 0.7 0.7 0.7 1.2 1.5 1.6 20 1.4 2.0 0.8 04 03 0.5
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Tab. 9. O, (% saturation), x (S1s) and pH from different stream localities in
the Ammarnés area.

15/6 15-18 hr 16/7 14-18 hr 11/8 14-16 hr 9/9 14-16 hr

0:(%) S1s5 pH  02(%) Siz pH 02(%) Siz pH 02(%) Siz pH
Ao, 106 35.0 7.1 100 38.0 7.2 105 39.7 7.3 94 41.8 7.4
B........ 98 33.5 7.0 108 34,7 7.0 112 35.0 7.0 99 31.9 7.1
D....... 94 40.8 7.4 - - - 100 459 7.5 89 50.3 7.3
E........ 101 38.5 7.4 102 36.3 7.5 94 42.2 6.9 - - -
H....... - — — 96 40.4 7.3 90 47.3 7.1 - - -
K....... - - — 95 40.5 6.9 - — - 102 42.4 6.9
N....... 109 31.9 7.0 100 30.2 6.9 108 30.5 6.9 103 31.7 7.1
O........ - - - - - - 105 48.8 6.9 94 52.5 7.3
P........ — — 88 32.2 6.8 - - - 90 36.8 7.0

Tab. 10. Ionic composition (mg/l) at two stations in Vindeldlven and Tjulan, respectively, according
to data from early July 1965 (Th. Ahl, in litt.).

pH Sis Ca Mg Na K HCO; SO4 Cl TotalP NO3-N

Vindelidlven, near 6.90 56.3 4.1 0.8 1.2 0.5 21.1 3.3 1.3 0.003 0.040
loc. J.

Tjulan, near .... 7.20 48.4 39 0.6 1.0 0.3 19.6 1.8 0.5 0.005 0.031
loc. B.

Tab. 11. Ionic composition (mg/l) at some sites in the upper Tjulan system according to Wassén
(1965). Samples nos. 1 and 4 were taken near the shore at the western end of the lake, nos. 2 and §
in the middle of the lake.

pH S;3 Ca Mg Na K HCO; SO4 Cl Total P
1. Lilla Tjultrask 20/3/1964 . 8.5 73.6 12.7 1.5 0.8 0.6 44 51 1.0  0.0036
2. Same site and date ...... 79 860 13.5 24 1.2 0.8 55 6.5 1.4  0.0028
3. Stora Tjultrisk, same date 8.4 64.1 99 1.6 1.0 0.8 36 4.7 1.4 0.0049
4. Lilla Tjultrask, 26/7/1964. 6.8  25.8 3.7 07 1.2 0.8 14.6 3.1 0.6 -
5. Same site and date ...... 7.2  29.6 4.5 1.1 0.7 04 176 2.6 0.6 -
6. Nearloc. O, 24/7/1964 ... 7.5 76.5 - - - - - - - -
7. Another stream Wof Lilla 7.1  22.0 - - - - - - - -

Tjultrdsk, same date

8. Stora Tjultrisk, 26/7/1964 7.4  41.1 - - - - - - - -

Wassén (1965) presented some data for
Stora and Lilla Tjultrisk and the streams
flowing into the latter from the west (cf. Fig. 2).
His values indicate higher conductivity values
in winter, but his summer data fitted well with
those obtained by me (Tab. 11).

Although chemical conditions affect the
composition and abundance of benthic ani-
mals, either directly or indirectly via the vege-

tation (cf. Slack 1955, Armitage 1958), local
differences within the Ammarnis were prob-
ably too small to have any impact on the ani-
mal communities.

2.2.8. Recapitulation

Certain environmental factors were so uni-
form at all sampling sites that they cannot
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give rise to local differences in the animal
communities. In addition to factors described
above, light may be cited as such a factor.
Except loc. P which was somewhat shaded,
all localities were exposed to direct irradiation
(cf. Scherer 1965 a, b, Hughes 1966 a, b).

The size of the water courses from which
the samples were taken varied from a large
river (locs. E, H, K, L) to a quite small brook
(locs. O and still more, P) and included also
a medium-sized stream (locs. A, B, N, D).
Two localities were at lake outlets (A, E) and
one at the downstream end of a lake-like river
extension (H). Some localities were relatively
uniform, for example H, N and O, others
markedly variable, such as K and L.

The current was everywhere swift and the
substrate accordingly composed of large stones
with variable amounts of inorganic and organic
matter in sheltered places. Periphyton and
seston were particularly abundant at lake out-
lets, sometimes also at other localities.

Temperature conditions varied with the
size of the stream and the distance from up-
stream lakes. Not only the temperature as
such, but also the seasonal fluctuations were
locally different.

Several important environmental factors
are summarized in Tab. 12, which includes
information also concerning some less readily
quantified factors not discussed previously.

Some environmental factors are obviously
dependent on others. Sometimes the paral-
lellism is very close, for instance between cur-
rent and substrate. The intricate interaction
between factors is a circumstance that must
be constantly kept in mind (cf. § 10). Another
important feature of Lapland streams is that
many factors vary within very small bottom
areas (Ulfstrand 1967). Furthermore, there
are many important similarities in respect of
various environmental conditions between
localities that superficially look very dis-
similar (cf. § 3.4.3).

3. Qualitative composition and species density of the community
and some zoogeographical comments

3.1. Introduction

As a basis for the analytical work a species list
was compiled using the samples described in
§ 5 (cf. Macan 1963). Only species obtained in
the benthic samples were included in the list,
because records of imagines from the shore
do not prove that the species is a member of
the lotic community. A rough evaluation of
the status of the listed species will also be
made.

In this section a number of interesting cases
of restricted local distribution within the study
area will also be discussed, and special atten-
tion will be paid to the question of ecological
segregation and interspecific interference.

3.2. Qualitative efficiency of
the sampling method

The sampling method will be described and
evaluated in §§ 5.2 et seqq. In this context we

are interested in assessing its efficiency only
from a qualitative viewpoint.
A number of localities which had been
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Tab. 13. Qualitative composition of the benthic community at the different sampling localities.
tera, Trichoptera and Diptera Simuliidae, see § 3.7. Expla-

Domi- Zoogeo-
nance graphical
A B D E H K L N O P index category

Ephemeroptera

Siphlonurus sp.1 ......... ... ... A - D A A - A A - - 26 3
Ameletus inopinatus Etn. .. ... ... I DS D DS I D A S 98 3
Parameletus chelifer Bgtn.. ... ... - - - - - - - A - - 2 1
Baetis fuscatus L.2 ............. I D A1 I S D DI I 78 3
B. lapponicus Bgtn.............. I S A 1 I S S I DI 62 1
B. macani Kimm. .............. p - A D A - - - - - 36 1
B. pumilus Burm. .............. I s 1 I I S 1T s 1T 1 52 3
B. rhodani Pict. ............... D D D DI D DD D D 148 3
B. subalpinus Bgtn.............. b s I DI D D D S s 112 1
Centroptilum luteolum Mill.. . ... - A A - - - - - - - 4 3
Metretopus borealis Etn. . ....... - - 1 I A A1 A - - 18 2
Ecdyonurus joernensis Bgtn. .. ... S A A S 1 - A A1 A 34 1
Heptagenia dalecarlicaBgtn. .... 1 S D I S S D S D D 104 1
H. fuscogrisea Retz............. - - A - - - - - - - 2 3
H. sulphurea Mill.............. s I A DS - AT1T - - 44 3
Leptophlebia marginata L.. ... ... - - A - - - - - - 2 3
Paraleptophlebia sp.3 ........... - - - A A - - - 4 1
Ephemerella aurivillii Bgtn. ... ... D DS DD DS D1 D 132 210
E. mucronata Bgtn.............. - - I 1 s s I - - - 28 211
Plecoptera

Brachyptera risi Mort........... - I D - - T I A I 38 3
Taeniopteryx nebulosa L.4. ... ... D DI DI S 1 D - A 86 3
Amphinemura borealis Mort. .... S § D A D S S § - - 74 2
A. standfussi Ris. .............. I A1 S I I A A 1 1 38 3
A. sulcicollis Steph. ............ A A S A1 I A1 A S 38 3
Nemoura arctica Esb.-P. ........ - - - - - A - - - - 2 1
N. avicularis Mort.............. - - - - - A A - - - 4 3
N. cinerea Retz. ............... - A A A - A - A1 1 18 3
Nemurella picteti Klap.......... - - - - - = - A - A 4 3
Protonemura meyeri Pict. ....... - A1 - A DI A1 D 50 3
Leuctra digitata Kemp. ......... - -1 - - A A - 1 S8 20 2
L.fuscal..................... D b D DD D D D S 1 140 3
L. hippopus Kemp.............. s bl A - DS D D D 102 3
L.onigraOl. ................... - - A - - - A - - - 4 3
Capnia atra Mort.4............. 1 1T A S I 1 I 1 A 36 2
C. pygmaea Zett.4.............. - - - - - A A1 - - 8 1

Mainly S. lacustris Etn., according to records of imagines.

For taxonomy, see § 1.5.

Only P. strandii Etn. recorded from the area.

Probably under-represented because of early flight-period.

Possibly a very small proportion of Rh. obliterata McL. included, according to records of imagines.
Only H. nevae Kol. identified from within the area.

A. stigmatella Zett. and 4. wallengreni McL., the former very widely spread, the latter apparently
of more restricted local distribution. Possibly a few A. zonella Zett. included, particularly at lake
outlets, according to records of imagines.

S I Y N N
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Letters and dominance index explained in text (§ 3.3). For other taxa than Ephemeroptera, Plecop-
nation of zoogeographical categories is found in § 3.6.

Domi- Zoogeo-
nance graphical

A B D E H K L N O P index category
Capnopsis schilleri Rost. ........ - A A - -1 - - A A 12 2
Arcynopteryx compacta McL..... - A S - - A - - - 12 2
Diura bicaudata L.............. bpb A DDI - - - - - 54 2
D. nanseni Kemp............... D D D D D D D D D D 160 1
Isoperia grammatica Poda. ...... D DS DS DI D A I 106 3
I. obscura Zett................. A - - DS A - A - - 30 3
Dinocras cephalotes Curt. . ...... - - - - - - A - D A 20 3
Chloroperla burmeisteri Pict. .... - - I - - S 1 A 1 D 38 2
Trichoptera
Rhyacophila nubila Zett.5 ... .... D D S D b D D D D 152 3
Glossosoma intermedium Klap.... - D - - - - - D - - 32 212
Philopotamus montanus Don. .... - - - - - - A - D D 34 3
Arctopsyche ladogensis Kol. ... .. - - - D S s I 1T - - 40 213
Hydropsyche sp.6 .............. - - - A A - A - - D 22 213
Plectrocnemia conspersa Curt. ... A A - - - A I - - D 26 3
Polycentropus flavomaculatus Pict. S D D D I DI S I - 92 3
Apatania spp.7 ........ ... ... pD bpblr s s 1 1 D - - 76 214
Potamophylax stellatus Curt. .... D D D D § I I D I S 108 3
Silo pallipes Fabr. ............. - A - - - - - A - - 4 3
Athripsodes sp.8 ............... s A I § 8 A - A - - 34 -
Diptera Simuliidae
Helodon ferrugineus Wahlb. .. ... - DS - - 8§ S8 1 DI 64 -
Prosimulium hirtipes Fries. ... ... - D I D A DS D D D 110 -
Cnephia fuscipes Fries¥ ......... I Db s I DS DS I D 100 -
C. lapponica End............... - - - D - - - - - - 16 -
C. tredecimata Edw. ........... D - - I A - - - - - 22 -
C. trigonia Ldstr. .............. 1 A - S A - - A - - 18 -
Eusimulium aureum Fries ....... - - A - - A1 1 A A 16 -
E. bicorne Dor. & Rubz......... - A 1T A A A A A A - 18 -
E. latipes Mg. ................. A1 T A A S S S I S 50 -
Schénbaueria annulitarsisZett.... D 1 1 D S I I S§ § - 72 -
Gnus forsi Carlss............... s D D1I I S 1 I S A 74 -
Odagmia monticola Fried........ i § T A D D D S D D 106 -
O.ornata Mg.. ................ -1 1 A I S A - 1 D 44 -
Simulium argyreatum Mg... .. ... s - A DA - - - - - 28 -
S. truncatum Ldstr. ............ DS S DD - A1 A A 74 -

8 Several species known from area; imagines of A. nigronervosus Retz. taken in largest numbers.

9 A few C. pallipes Fries possibly included. Not supported from records of imagines.

10 Including the Baltic provinces.

11 Including the southwestern parts of U.S.S.R.

12 A disjunct distribution. Inadequate information?

13 Not south of the Baltic.

14 A, stigmatella: not south of the Baltic; 4. wallengreni: not south of the Baltic on the continent,
but occurs in the British Isles.
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sampled on almost the same date in 1962 to
1965 were selected. As described below
(§ 5.2), from June 1964 onwards, subsamples
were kept separately. Through different com-
binations of samples and subsamples and the
corresponding species lists, it was possible to
follow the increase of number of species re-
corded in relation to standard area covered.
Although a species list almost never becomes
definitive, because of the addition of ac-
cidentals, an asymptotic flattening of the
curve would indicate that the list was ap-
proaching completeness.

Provisionally using the final number of
species recorded as 100%;, the addition to the
species lists was plotted against standard
area in Fig. 19. At a standard area of
about 6 m?2 only small increments occurred
and even with much less sampling the per-
centages were so high that all regular and
relatively common species were likely to be
included. At 0.5 m2 standard area between 30
and 509 of all the species had been obtained,
indicating that such a comparatively small
sample will secure practically all the dominant
species (cf. Needham and Usinger 1956).
Sampling efficiency was virtually the same at
the different localities.

It can therefore be assumed that the extent
of the samples was adequate for a qualitative
analysis of the community.

3.3. Survey of species composition

For each of the ten localities described in
§2.2.1, a list was made of every mayfly, stone-
fly, caddisfly and blackfly species obtained in
the benthic samples, and these lists are com-
bined in Tab. 13. A classification of the species
with respect to their status in the community
was attempted as follows.

The tables showing the percentual com-
position of the standing crop of the major
taxa (Tabs. 19 to 28) formed the basis for the
classification. This information was supple-
mented by general experience concerning the
status of the species gained in the course of
the field work. This was particularly necessary
to provide an adequate picture of the status
of the scarcer species. Four categories were
designed, viz.:

dominant species — D: species making up a
large proportion (at least 25%,) of the total
standing crop of the zoome (Ephemeroptera,
Plecoptera, Trichoptera, Diptera Simulii-
dae) during some part of the year;

subdominant species — S: species making up at
least 10%; of the zoome; species only oc-
casionally making up more than 259, were
also placed in this group;

incidental species — 1: scarce species of more
or less regular occurrence;

accidental species — A: species recorded on
one or a few occasions, or if more often, in
single individuals only.

Categories D and S comprise characteristic
species of a given locality, usually completing
their entire life cycle at the site. Category I in-
cludes species of variable status (cf. below),
whilst the species of category A probably be-
long to some other biotope and make only a
transient appearance in the sampling locality.

To facilitate a survey, a dominance index
was calculated by giving the above symbols
numerical values, viz. D = 16,S = 8,1 = 4
and A = 2. By adding up the figures for all
the localities, an overall impression is gained
of the status of the species in the community.
These indices are given in Tab. 13.

It should be mentioned that a proportion
of the caddisfly and blackfly larvae could not
be specifically identified.

On the basis of these indices, the species were
classified in dominance groups as indicated in
Tab. 14. Five species, viz. Baetis rhodani,
Ephemerella aurivillii, Leuctra fusca, Diura
nanseni and Rhycophila nubila were the most
dominant members of the community.

A source of error is that if a species has a
very early flight-period, it is likely to be under-
represented as it was most catchable at times
when sampling was impossible. This probably
gave rise to reduced indices for e.g. Taeni-
opteryx nebulosa and Capnia atra. If a species
with an early flight-period undergoes most of
its growth already in the preceeding summer
or autumn, it will not be under-represented to
the same extent (e.g. Glossosoma intermedium).

A low index may depend on various
reasons. Some species are widely but thinly
distributed, e.g. Amphinemura standfussi,
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Tab. 14. Grouping of the species in dominance classes based on
dominance index figures of Tab. 13.

Index: 42-80 82-120 122-160
Baetis fuscatus Ameletus inopinatus Baetis rhodani
B. lapponicus Baetis subalpinus Ephemerella aurivillii
B. pumilus Heptagenia dalecarlica

Heptagenia sulphurea

Amphinemura borealis
Protonemura meyeri
Diura bicaudata

Taeniopteryx nebulosa
Leuctra hippopus
Isoperla grammatica

Leuctra fusca
Diura nanseni

Apatania spp.

Polycentropus flavomaculatus

Rhyacophila nubila

Potamophylax stellatus

Helodon ferrugineus
Eusimulium latipes
Schonbaueria annulitarsis
Gnus forsi

Odagmia ornata
Simulium truncatum

Prosimulium hirtipes
Cnephia fuscipes
Odagmia monticola

A. sulcicollis, Eusimulium bicorne. Others
are restricted to only one or a few
localities where they may be highly domi-
nant, e.g. Dinocras cephalotes at loc. O,
Plectrocnemia conspersa at loc. P and Cnephia
lapponica at loc. E. Some species belong to
lenitic biotopes, or to other lotic biotopes than
the types represented in the samples but invade
the sampling localities with a certain regularity,
€.g. Baetis macani, Ecdyonurus joernensis,
Metretopus borealis, Nemoura avicularis, N.
cinerea, Arcynopteryx compacta.

No blackfly species could be included in the
highest dominance class, because these were
usually abundant either at outlets or at other
localities, but not at both (§ 3.5.2).

3.4. Species density
3.4.1. At the localities in the Ammarniis area

The numbers of species of mayflies, stoneflies,
caddisflies and blackflies found at each locality
are shown in Tab. 15. Whether these groups
are combined or each is regarded separately,
inter-locality differences were rather small.
There is no apparent correlation between
stream size and species number. Even the
smallest water courses seemed to be above the
size limit regarded as inimical to the perpetual
existence of benthic populations by Hynes
(1941) and Berthélemy (1966). Nor were there

any differences between outlet localities and
the others. -

3.4.2. Comparison with other regions

In Tab. 16 the species density at the localities
in the Ammarnis area is compared with that
in other parts of Europe. Such comparisons
have to be made with great care, because there
will inevitably be differences in methods and
extent of the sampling work, in the criteria on
which species were included in the local list,
etc. In the examples used in Tab. 16, all the
biotopes are of rhithron type (§ 4.2) and are
comparatively unaffected by human activities
(exception: Mauch 1963). Comparison had to
be limited to mayflies and stoneflies.

The compilation shows that the species
density in the Ammarnds area was about the
same as found generally in western and central
Europe, and only in certain mountainous
regions with pronounced endemism (cf. Illies
1967) were distinctly larger numbers of species
recorded.

It may therefore be concluded that the
streams of northern Scandinavia possess a rich
variety of niches and that climatical conditions
generally are not adverse for mayflies and
stoneflies. Certain major taxa prominent in
more southerly areas, such as Turbellaria,
Oligochaeta, Mollusca and Coleoptera, are on
the contrary sparsely represented in northern
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Tab. 15. Number of species recorded at the different stream localities in the Ammarnés area. The
letters D, S, I and A refer to dominance categories as explained in § 3.3.

Locs. A B b E H K L N () P Average
Ephemeroptera D...... 4 4 3 6 2 3 4 5 3 4 3.8
S....... 2 4 2 1 2 6 2 2 i 1 2.3
Io...... 5 1 4 6 7 - 4 2 4 4 3.7
Ao 1 2 8 2 4 1 3 4 i - 2.6
Total ... 12 11 17 15 15 10 13 13 9 9 12.4
Plecoptera D...... 6 5 5 6 3 S 2 5 3 4 4.4
S 1 1 3 2 2 3 2 1 1 2 1.8
I....... 2 2 5 - 5 5 6 3 6 5 3.9
AL 2 7 4 4 1 7 7 7 4 4 4.7
Total 1 15 17 12 11 20 17 16 14 15 14.8
Trichoptera D...... 3 5 3 4 1 2 1 4 2 4 2.9
S..o.. 2 - - 2 4 i - 1 - 1 1.1
I....... - - 2 - 1 2 5 1 2 - 1.3
AL 1 3 - 1 1 2 2 2 - - 1.2
Total . 6 8 5 7 7 7 8 8 4 5 6.5
Diptera Simuliidae D ...... 3 4 i 5 3 2 2 i 3 4 2.8
S 2 2 4 1 1 5 3 4 2 1 2.5
I....... 3 3 5 3 2 1 3 4 3 1 2.8
AL 1 2 2 4 6 2 3 1 4 3 2.8
Total 9 1t 12 13 12 10 11 10 12 9 10.9

Grand total ... 38 45 51 47 45 47 49 47 39 38 44.6

Tab. 16. Number of species found in rhithron (except Mauch 1963) biotopes of different European
regions compared with the number recorded in the Ammarnds area.

Area Ephemeroptera Plecoptera Authority Remark
Wales................ 8 9 Jones (1948) Several small streams
England.............. - 16 Mackereth (1957) Small stream
Wales................ 12 19 Hynes (1961) Small stream
England.............. 9 14 Macan (1963) Small stream
Central Germany...... 10 10 Illies (1952a) Small stream
Central Germany...... 22 27 Dittmar (1955a) Small stream
Germany (Moselle) . ... 11 8 Mauch (1963) Large river, partly polluted
The Pyrenees, France. . . - 31 Berthélemy (1966) Medium-sized river, only one station
The Carpathians, Poland 6 16 Kamiler (1965) Medium-sized river
The Carpathians, Poland 21 40 Sowa (1965) Medium-sized river
Swedish Lapland:

total study area...... 19 24 River, large stream and small stream
Vindeldlven
(locs. E, H, K, L) .. 15 23 River
Tjuldn (locs. A, B, N) 15 19 Large stream
Locs.Dand O ...... 17 19 Medium-sized streams

Loc.P ............. 9 15 Small stream
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Scandinavia. This may depend, not on the
prevalent ecological conditions, but on
historical circumstances.

3.4.3. Biotope differentiation and amplitude in
habitat requirements

Brinck (1949) and Brinck and Froehlich (1960)
pointed out that certain stoneflies inhabit a
considerably larger variety of habitats in the
north than farther south. One explanation is
that the differences between superficially
widely different biotope types are relatively
small in the north. Several circumstances con-
tribute to reducing the ecological differentia-
tion between, for instance, lake and river in
the north. The low temperature and the rapid
exchange of the water in part due to the large
altitude gradients in many running waters
bring about a very high oxygen content in the
lakes as well as in the streams. Species which
in the south are restricted to running water
because of high oxygen requirements may in
the north penetrate into the lakes.

The sampling localities in the Ammarnés
area were inhabited, regularly or irregularly,
by no less than 24 of the 35 (Brinck 1949,
Illies 1953 a) stonefly species found in Sweden.
Such an accurate proportion cannot be given
for the mayflies, but it is likely that the species
obtained make up a very large part of the
whole Swedish fauna. This high species
density is probably related to a combination
of the reduced biotope differentiation and the
extended habitat range of many species.

3.5. Ecological differences between species

3.5.1. Introduction

A great many species were found at all or
nearly all of the sampling localities. This
applies not only to those in the highest domi-
nance category, but also to many with lower
dominance indices (Tab. 13). Others, however,
showed different types of range restrictions
indicating special ecological requirements.
Of particular interest are cases of ecological
segregation between species. These questions
will be discussed in the following; a certain
amount of speculation will be unavoidable in
this connection.

3.5.2. The lake outlet community

In respect of certain environmental factors,
the lake outlets were found to deviate from
other localities. This particularly concerns the
supply of food in the form of lacustrine seston
and the temperature conditions (§§ 2.2.5 and
2.2.6).

Certain blackfly species are characteristic
of the outlets. Elsewhere they occur in small
numbers only, if at all. Good examples are
Cnephia lapponica (only at loc. E), C. tredeci-
mata (mainly at loc. A), C. trigonia, Schén-
baueria annulitarsis, Simulium truncatum and
S. argyreatum. The well-known abundance of
blackflies at lake outlets is certainly related to
food supply (cf. Knépp 1952, Miiller 1955,
1956, 1962 b, Illies 1957, Carlsson 1962, 1967,
Cushing 1963). It is more remarkable that
certain blackfly species definitely avoided the
outlets, or were at least sparse or irregular at
these sites. This applies to Helodon ferrugineus,
Prosimulium hirtipes, Cnephia fuscipes, all Eusi-
mulium spp., Gnus forsi (not invariably) and
Odagmia ornata, in part also to Odagmia
monticola. The populations of these species
were never anything like so numerous as
those of the outlet species (cf. § 7.4). In the
absence of upstream lakes they were obviously
restricted to a much poorer food supply, above
all drifting benthic algae. Morphologically
they reveal no fundamentally different feeding
specialisations.

Among the mayflies, stoneflies and caddis-
flies, hardly any species was as distinctly de-
pendent on outlet conditions as several of the
blackflies. Therefore, only in the last-men-
tioned group is it legitimate to speak of a
particular outlet zoome.

Heptagenia sulphurea revealed a distinct
preference for the lake outlets, where it was
usually more numerous than its close relative

‘H. dalecarlica, which in turn was more

numerous at the other localities. H. sulphurea
was probably favoured by the elevated autumn
water temperatures at lake outlets which
permitted a more rapid growth of the nymphs
(Ulfstrand 1968).

On the other hand, Baetis fuscatus and B.
lapponicus as well as Brachyptera risi were
practically absent from the lake outlets. Never-
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theless, the outlet communities differed
qualitatively from other communities only in
respect of the blackfly zoome.

3.5.3. Stream size

A number of species were much more abun-
dant in, or even restricted to, the smaller
water courses, of which loc. P was the best
example. This applies to Amphinemura sulci-
collis, Leuctra hippopus, L. digitata, Dinocras
cephalotes, Plectrocnemia conspersa, Hydro-
psyche sp. and Philopotamus montanus. Con-
versely, certain species tended to avoid, or be
sparse in, these smaller streams, viz. Amphi-
nemura borealis, Leuctra fusca, Isoperla
obscura, Arctopsyche ladogensis, Polycentropus
flavomaculatus and both Apatania spp. In
most cases the distinction was not absolute.
Macan (1961 b, 1962 a, b) discussed similar
circumstances and attached a considerable
importance to the biotic factor (cf. the follow-
ing section).

Glossosoma intermedium was found to be
unusually restricted; its larvae and pupae
were never obtained outside locs. B and N.
They were usually found on rounded stones
with a smooth surface; a kind of unstable
substrate that was particularly widespread at
these localities. It is believed that this factor
was the most important, but this cannot be
shown conclusively from the present data.
The significance of substrate stability has
been discussed by Hynes (1941) and Scott
(1958).

3.5.4. Ecological segregation
Coexisting species are usually segregated
ecologically. This generally accepted principle
has been discussed for lotic communities or
zoomes by Ide (1935), Illies (1952 b, 1961 a,
b), Botosaneanu (1960), Macan (1962 a, 1963),
Berthélemy (1966, 1967) and Sheldon and
Jewett (1967). For a recent survey, see also
De Bach (1966). The ways in which segrega-
tion is affected are various and include differ-
ences in habitat preferences, in the timing of
the reproductive season or other phases of the
life cycle, in feeding habits or in activity
rhythm patterns (e.g.Schmidt and Miiller 1967).
Closely related species, e.g. members of the

same genus, may have evolved in different en-
vironments and have aquired, through natural
selection, different ecological attributes. If
two such species establish contact after a
change in distribution, they can coexist if
their ecological adaptations have become suf-
ficiently divergent, i.e., if they occupy different
ecological niches. If their differences are less
marked, some kind of interspecific inter-
ference will occur. This may lead to displace-
ment of either species, being in some respect
inferior to the other. Natural selection may,
however, force either or both species in the
direction of increased divergence, leading to a
relationship between the two species that
allows them to coexist. In this way, con-
vergence of initially divergent species is also
prevented.

These general considerations no doubt
apply also to the insect groups with which we
are here concerned. However, the situation is
obscured by the fact that many aquatic insect
species possess a surprisingly great local or
regional ecological variability.

According to Brinck and Wingstrand (1951),
Brinck and Froehlich (1960) and Brinck
(personal communication), Diura nanseni, D.
bicaudata and Arcynopteryx compacta occur
together in large numbers in the lake Virihaure
situated in a high mountain area in northern
Lapland. This is in striking contrast to the
situation in the Ammarnis area, where these
three species are almost totally segregated,
D. bicaudata being almost entirely restricted
to lakes, D. nanseni to rivers and streams and
A. compacta to water above the altitudinal
range of the study area, within which A. com-
pacta was only a scarce accidental.

Setipalpian stoneflies were discussed in this
respect by Hynes (1952) and Macan (1962 b,
1963). D. bicaudata in Britain inhabits high
altitude streams, being replaced at lower
levels by Perlodes microcephala Mort. On the
Isle of Man the latter is absent, and here D.
bicaudata descends to sea level. Hynes inter-
preted this in terms of competitive displace-
ment to which Macan agreed.

It is very possible that such cases are often
the result of interspecific interference. But the
local variability displayed by the Lapland
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setipalpians indicates that other factors also
influence the interspecific relationships, which
may be different in different regions.

Surveying the species list from the Ammar-
nis area, one finds that congeneric species are
often well segregated ecologically. As their
phylogeny and earlier distribution patterns
are unknown, it is impossible to say whether
these differences have evolved as response to
interspecific relationships in communities
closely similar to the present ones, or whether
they arose under profoundly different con-
ditions.

Before citing some examples, it should be
pointed out that congeneric species are not
invariably similar ecologically; but this is so
frequently the case that it may be used as a
working hypothesis.

Six Baetis spp. are represented in the benthic
samples. B. macani is mainly a lenitic species
and thus deviates from the rest. The other five
species may be subdivided in two groups with
respect to nymphal morphology and locomo-
tory pattern. One group consists of B. rhodani,
B. fuscatus, and B. subalpinus, whose nymphs
are good swimmers and often take to swim-
ming around when kept in an aquarium. The
most intense growth periods of B. fuscatus and
B. subalpinus occur in July and August, i.e.
during and shortly after the flight-period of
B. rhodani. The maximal growth of the two
first-mentioned species, thus, is undergone
when the nymphal population of the last-
mentioned species is at its lowest level. B.
fuscatus and B. subalpinus have several dis-
tinctive features too, as was revealed in the
drift and colonization studies (§§ 8 and 9).
The three species of this group, thus, were in
part segregated in various ways.

The other group consists of B. lapponicus
and B. fuscatus, which, when observed in the
laboratory, were seen to swim only reluctantly
and - when forced to do so — with consider-
able effort. They seem to be adapted to crawl-
ing on and in the substrate, rather than
swimming. Between themselves, they differ
strikingly, for B. pumilus is laterally, B. lappo-
nicus dorsoventrally compressed.

No other mayfly genus was represented by
SO many species.

3 OIKOS Suppl. 10 (1968)

The two Ephemerella spp. differ in habitat
requirements and life cycle pattern (Ulfstrand
1968), whereas Heptagenia sulphurea and H.
dalecarlica overlap considerably, but the
latter has a much wider local distribution
range. Other heptageniids were restricted to
lenitic biotopes.

To the above discussion of setipalpian stone-
flies it may be added that the habitats and
flight-periods of Isoperla grammatica and I.
obscura overlapped widely, the former having
a much wider local distribution range. Svens-
son (1966) found a clear segregation between
1. grammatica and I. difformis Klap. in his
study area in northeastern Sweden.

Among the filipalpians, the three Amphi-
nemura spp. were temporally segregated, A.
standfussi being later than the others, as well
as spatially, 4. borealis preferring larger and
A. sulcicollis smaller streams. The position of
Protonemura meyeri is uncertain. The four
Leuctra spp. also differed, L. nigra being rare
in the present biotopes and primarily inhabit-
ing very small brooks, L. hippopus being early
and most abundant in relatively small streams,
where it was succeeded by L. digitata, and L.
fuscabeing later than any other stonefly species.

Spatial segregation also occurs in the
caddisflies. The large rivers and streams are
inhabited by Arctopsyche ladogensis and Poly-
centropus flavomaculatus, whereas the small
streams (loc. P) constituted the preferred habi-
tats of Hydropsyche sp. and Plectrocnemia
conspersa. The life cycles of the two Apatania
spp. were completely asynchronous.

Superficially at least, blackflies seem to be
an usually homogeneous group in their larval
ecology. As discussed in § 3.5.2, some species
were restricted to or much more abundant at
lake outlets than elsewhere, and at the out-
lets there was a tendency to temporal succes-
sion. But it also occurred that dense larval
populations of more than one species were
present simultaneously, a situation challenging
further study.

The many cases of interspecific segregation
of ecologically similar species and the scarcity
of cases of apparently effective overlapping
suggest that interspecific interference is an
important determinant of the community
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composition. At the same time, the example
of the setipalpian stoneflies emphasizes that
other factors affect the efficacy of interspecific
interference in producing segregation. In some
biotopes, two or more species can coexist, in
other biotopes they cannot.

In recently disturbed biotopes, communities
have not had time to return to a steady state,
and it is therefore not unexpected that cases of
interspecific ecological overlapping are said
to be more numerous in such biotopes (cf.
Dittmar 1955 a).

3.6. Zoogeographical aspects

In many cases the zoogeographical discussion
is seriously impeded by inadequate tax-
onomic and faunistic information. Only the
stoneflies are wellknown in these respects.
Their zoogeography has been discussed by
Brinck (1949), Illies (1953 b, 1955, 1965) and
others. The distribution of blackflies is poorly
known in spite of Rubzow’s (1959/64) great
monograph, and many new species are being
described in this family. There are also serious
gaps in our knowledge of the mayflies and
caddisflies, although Illies (1967) compiled a
great deal of previously scattered information.

A zoogeographical classification of the
species is attempted in Tab. 13 (right-hand
column). Three categories were distinguished,
viz. 1) species having a distinctly northeasterly
distribution, being absent from western and

Tab. 17. Distribution of mayfly, stonefly and
caddisfly species on zoogeographical groups. The
classification of each species may be seen in
Tab. 13. Group 1 = distinctly northeasterly spe-
cies absent from western Europe, 2 = basically
northeasterly species having a smaller or larger
number of outposts in central and/or western
Europe, 3 = widespread species in western Eu-
rope, often predominantly southerly.

Taxon Zoogeographical group

1 2 3 Total
Ephemeroptera... 7 3 9 19
Plecoptera....... 3 7 14 24
Trichoptera...... - 5 6 11
Total ........... 10 15 29 54

central Europe, 2) species of the same general
character as group 1, but having outposts in
central and western Europe, 3) widely distrib-
uted species in western Europe, often pre-
dominantly southerly.

Some of the species in category 2 were so
placed because their continuous range extends
into east-central Europe (both Ephemerella
spp.), others because they have some scattered
outposts in the central European mountains,
as discussed in great detail by Illies.

From Tab. 17 it is seen that a proportion-
ately larger number of mayflies than of the
other two major taxa were referable to group
1. No caddisfly belonged to that group. A
general northeasterly predominance of may-
flies is, thus, very obvious. Stoneflies have
many species in group 2. Caddisflies, evidently,
differed profoundly from the other two groups
from the zoogeographical standpoint.

No correlation between zoogeographical
category and preference for lotic as compared
with lenitic biotopes can be found. Nor is
there any correlation between zoogeograph-
ical affinity and dominance.

3.7. Other major taxa

Although mayflies, stoneflies, caddisflies and
blackflies form the subject of this investigation,
other groups will be briefly mentioned. In the
samples all macroscopically visible animals were
included, but apart from the four major taxa
mentioned, only Diptera Chironomidae were at
all numerous and regular.

The sponge Spongilla lacustris L. was some-
times numerous, especially at loc. D. Nematodes
were regularly obtained, but never in large
quantities. Among the molluscs, Radix peregra
Miill. was by far the most numerous species,
whereas Gyraulus acronicus Fér. was much more
local and sparse. Pisidium sp. were only sporadi-
cally obtained.

Oligochaetes were numerous at some localities.
The tufts of Didymosphenia geminata were in-
habited by large numbers of enchytraeids, and
lumbricids were not seldom obtained near the
shore.

At the lake outlets and at loc. D, Gammar-
acanthus lacustris Sars was frequent. The only
abundant species of Coleoptera was Elmis aenea
P. Miill., particularly at locs. D, K and L. The
only other species ever found was Oreodytes
alpinus Payk. (determined by Dr. B.-O. Landin).

Dipteran larvae (other than blackflies) were
often abundant. Chironomids and ceratopo-
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gonids were the most numerous groups, but in
D. geminata and moss, empidid larvae were also
abundant. Particularly in early spring samples,
tipulid larvae were often prominent.

Finally, the bryozoan Fredericella sultana Blb.
(determined by Dr. B. Hyltén-Cavallius) was
obtained in a few samples.

Generally speaking, the animal community
was completely dominated by insects. This is
generally true of lotic biotopes in this part of
the world (cf. Lillehammer 1966 for Norway).

4. Characterization and classification of lotic biotopes
and their animal communities

4.1. Introduction

For descriptive purposes it would be useful to
have a practical classification of running
water biotopes and their animal communities,
and several attempts have recently been made
in this direction, particularly by Illies (1961 b,
1962) and Illies and Botosaneanu (1963). No
distinction is generally made between the
problems of biotope and community classi-
fication, although it would seem natural to
use environmental conditions for the fomer
and faunistic composition for the latter

purpose.

4.2. Biotope classification

Illies (1961 b) divided the running water bio-
topes into two categories called rhithron and
potamon, each with several subdivisions that
will not concern us. He made use of several
environmental conditions and took account
of latitudinal differences.

The environmental criteria of Illies permit
the inclusion of all the present localities into
the rhithron category. Thus, the annual tem-
perature amplitude in the water was less than
20° (Figs. 6 and 18), current was rapid (Tab. 2)
and oxygen content high (Tab. 9). The Am-
marnds localities were not situated very near
to where the streams rise, nor is the water
volume small, but these divergences were anti-
cipated and explained in Illies’s scheme.

Environmental factors are the basis for the
delimitation of biotopes (§ 1.6). The question
then arises: What environmental factor has
the most direct influence on the life conditions
of the benthic species of lotic biotopes? The
answer to this question is of considerable im-
portance for a biotope classification.

3

Current and substrate (s.l.) are inseparable
factors. Temperature is largely an independ-
ent variable, although the speed and turbu-
lence of the current affects the contact be-
tween air and water and accordingly the heat
transfer from one to the other. Oxygen con-
ditions are influenced by current and tempera-
ture, as well as by biotic factors (cf. Edwards
1962), although not usually in the rhithron.
These must be considered the mcst important
environmental factors for the rhithron com-
munity. The reactions of animals to these
factors may be modified by still other factors,
such as light and CO,-content (Scherer 1965
a, b).

Substrate, in the wide sense, undoubtedly
has a very direct effect on the life conditions
of a great many benthic animals. In particular
the detritus and periphyton are major food
sources for most species; much of the detritus is
allochthonous (Hynes 1963, Darnell 1964,
Minshall 1967). Some special groups such as
blackfly larvae and net-spinning caddisflies
feed mainly on seston, but also for these
species the substrate plays a fundamental role
(Carlsson 1967). At the same time it is clear
that these groups are more directly dependent
on current conditions than others (Phillipson
1957, Carlsson 1962, Edington 1965, Harrod
1965). In addition, the community has its
share of predators.

The direct effect of current speed on the life
conditions of the benthic community has
frequently been overrated. Many workers,
however, emphasize the fact that animals are
able to live in a stream without being really in
contact with the current (Nielsen 1950, Macan
1961 b, Ambiihl 1961), because of the strati-
fication of current velocity as well as their own
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ethological and morphological adaptations
(cf. Ambiihl 1959, 1961, Pleskot 1962, Jaag
and Ambiihl 1962, Bournaud 1963, Scherer
1965 a, b). I am therefore inclined to agree
with e.g. Thorup (1966) that current is less
advisable for biotope classification. This is not
to underestimate the effect of catastrophic
spates which have been known seriously to
deplete benthic populations (Maitland 1966).
Nor is this to underestimate the effects of
current on oxygen availability (Berg 1948,
Ambiihl 1961, Ruttner 1963). However, from
this viewpoint there is an important distinction
between no current at all and the presence of
current, whereas great differences in current
velocity are frequently of minor significance
(Philipson 1954, Zahner 1959). Only where
the current becomes very strong, the water
falling rapidly over rocks, a distinctive com-
munity is found (but not in Lapland) which
to a large extent is determined by the current.
The speed range within which differences are
of minor significance is, however, so wide
that current speed as such is not very suitable
for classification of lotic biotopes.

There are, therefore, many reasons for pri-
marily making use of the substrate (s.l.) for
this purpose, as suggested by Moon (1939),
Linduska (1942), Cummins (1962, 1964, 1966),
and Thorup (1966). The correlation between
certain “Zoozdénosen” and definable substrate
types was pointed out by Schmitz (1957), and
Scherer (1965a) in a penetrating analysis
arrives at a similar conclusion. Substrate is
determined by the interaction of erosion and
sedimentation (cf. Johansson 1963). It has
certain practical advantages as a classification
criterion. Because the condition of the sub-
strate is the result of processes which have
acted over a period of time, it nicely reflects
the life conditions in a particular biotope.
Moreover, it is fairly readily observed and
measured.

4.3. Community classification

Faunistic criteria have been frequently em-
ployed to characterize biotopes. This in-
evitably leads to difficulties.

Illies (1961 b) enumerated a number of taxa
which he alleged characterize the rhithron and
potamon biotope types. The families Lepto-
phlebiidae and Nemouridae were, for example,
said to characterize rhithron biotopes. In
northern Scandinavia, all members of the
former family except probably Paralepto-
phlebia strandii Etn. and about half those of
the latter are restricted to lenitic biotopes.
Similarly among Heptageniidae, only Hepta-
genia dalecarlica can be said in the Ammarnis
area to characterize rhithron conditions, but
H. sulphurea is very euryoecious and the rest
are lenitic. Conversely, the families Perlodidae
and Perlidae are stated to characterize pota-
mon conditions, but many members of these
families occur in distinctly rhithron environ-
ments in Lapland.

Attempts by Berthélemy (1961, 1966) and
Minckley (1963) to adopt faunistic criteria in
their respective study areas in southern Europe
and North America were largely unsuccessful.

The “fish zones” of central European hydro-
biologists are not recognizable in Lapland
(Miiller 1968).

Faunistic criteria, then, are not generally
useful outside a restricted geographic region.
Environmental factors should be used to
characterize environmental subdivisions (bio-
topes), while faunistic criteria should be used
to characterize faunistic subdivisions (com-
munities). On these premises, a generally valid
biotope classification may be possible, but
community classifications, based on charac-
teristic species or species constellations (cf.
Berg 1948), will generally have only regional
applicability.
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5. Quantitative composition of the benthic community

in terms of standing crop

5.1. Introduction

Most of the quantitative studies on lotic bio-
topes and their communities differ markedly
from the present contribution. Usually they
have been devoted to much smaller water-
courses (Illies 1952, Albrecht 1953, Dittmar
1955 a, Macan 1957 a, b, Hynes 1961), they
have rarely included lenitic parts (exceptions:
Kndépp 1952, Miiller 1955, 1956), or, if con-
cerned with larger streams, these have been
of potamon character (Berg 1948, Mauch
1963). Many papers have contained data on
only a few systematic groups, or have not
attempted analysis at the specific level.

Much of the work on rhithron biotopes and
their communities has been summarized by
Albrecht (1959), Macan (1961 a, 1962 b, 1963)
and Cummins (1966).

The quantities of animals inhabiting a stream
bottom area may be expressed as numbers of
individuals per unit area or weight perunitarea.

As described below, the technique employed
did not permit the sampling of very small or-
ganisms. Their absence from the samples may
not be wholly due to the imperfections of the
sampling method, but also to different micro-
habitat preferences of the youngest stages of
many species (cf. Schwoerbel 1964). In other
words, for certain periods, nymphs or larvae
a species may be absent from the biotopes in-
cluded in the present sampling programme.
Small nymphs and larvae make up a very
large portion of the population in terms of
numbers of individuals, but a very much
smaller portion in terms of weight per unit
area (cf. Jonasson 1955, Macan 1958 b, Mait-
land 1965). If the quantitative composition of
the community is studied in terms of weight,
then the error introduced will be less than if
numbers are used (cf. Maitland 1964). There-
fore, the main presentation of the community
will be in terms of standing crop data while,
for special purposes, a short survey of popu-
lation density figures will be given in § 6.

5.2. Sampling technique

When taking a sample the worker moved up-
stream, removing stones from the bottom and
placing them in a bucket. A bag-formed net
with 18 meshes/cm was held immediately
downstream of the stone to be removed, the
lower rim of the net (85 X 65 cm) being
pressed firmly against the bottom. Animals
releasing their hold of the stones were carried
into the net by the current. Variable amounts
of vegetable debris and finer inorganic par-
ticles also accumulated in the net. After a
certain number of stones had been collected,
the net and the contents of the bucket were
carefully searched for all macroscopic animals.
Usually many more animals were found in the
net than clinging to the stones. Finally, the
stones were brushed over some water which
was subsequently sieved through the net;
tufts of vegetation and clumps of debris were
parted and searched. The animals were trans-
ferred to 70%, ethanol.

After the animals had been removed, all
stones were measured to the nearest cm as
described in § 2.2.3. By this means an approxi-
mate measurement of the area sampled
(standard area) was obtained, adequate for
comparative purposes (cf. Schrider 1932,
Miiller 1953, Dittmar 1955b, Schwoerbel
1966).

In 1962, 1963 and May 1964 each bucket of
stones originated from one of three depth
classes, viz. 5 to 15 cm, 15 to 25 cm and 25 to
40 cm. Approximately the same number
stones was taken from each depth class, so
that there would be no bias in relation to depth
within the range sampled. All animals from a
given depth class were pooled, so that each
sample resulted in three jars of animals.

From June 1964 onwards, each bucket was
filled with stones from all three depth classes
in approximately equal numbers, and the
animals contained in each bucket-full of
stones were kept separately. Thus each
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sampling occasion yielded up to 10 subsamples
of strictly comparable origin, permitting a
statistical analysis. Otherwise the sampling
technique was not modified.

5.3. Discussion of the sampling procedure

Five essentially different sampling methods
have been employed for running water
studies, as is apparent from the useful reviews
by Albrecht (1959) and Cummins (1966).

Cylinders have found a wide usage, and it
was initially planned to make use of a sampling
cylinder in the present study. In spite of
several modifications, however, the results
were conspicuously unsatisfactory. It proved
impossible to press the lower rim into the
coarse substrate, and large quantities of
water and animals were observed to escape
beneath it, even when the smoothest bottom
areas were chosen. Cylinders were therefore
discarded.

Shovels of various designs have also been
widely used, but were assumed to be im-
practicable in the present context. Either all
big stones would have to have been avoided,
or the shovel would have been so large that
it would not have been possible to operate it
single-handed.

Various net methods have been used by
many workers. For this study the Schrider
method was adopted and found to work with
reasonable efficiency. It is imperative to have
a net downstream of the stones to be removed
in view of the effect of the current on animals
abandoning the stones. Caddisfly and blackfly
pupae, however, usually remained in situ, to a
considerable extent also blackfly larvae.

The Surber sampler may be considered as a
variation of the net method. A frame is
attached to the front of the net delineating an
exact sampling area. This method was not
employed because in view of the extreme
patchiness of the environmental conditions
and that of the microdistribution of the popu-
lations, it was considered more expedient to
remove one stone at a time in a random
fashion, so that as many microbjotopes are
represented in the sample as possible. The
length of each sampling locality was 30 to 50

m. Certain workers have refrained from re-
moving the stones and have contented them-
selves with violently disturbing the substrate
in front of a net, for instance by means of a
standardized number of kicks (Hynes 1961,
Morgan and Egglishaw 1965). However
certain groups will be largely missed, if the
stones are not removed.

Another method consists of introducing
trays containing some natural substrate re-
moving them after a period of time and
collecting the animals which have settled in the
trays (Moon 1940, Wene and Wickliff 1940,
Linduska 1942, Carlsson 1962, Egglishaw
1964, Kajak 1964 (in lenitic biotopes), Lille-
hammer 1964, Waters 1964). Most of these
workers have of course been aware that this
is a method of field experimentation, not of
sampling, since the implanted trays constitute
an artifact (cf. § 9).

Recently Cummins (1966) suggested a
photographic method, which has not yet been
tried in the field.

A weakness with the net methods is that
mesh-size has a great effect on the composition
of the catch (Jonasson 1955, Macan 1958 b).
With too small meshes, clogging occurs al-
most immediately, deflecting the current and
leading to unsatisfactory results. If the meshes
are too large, many small animals escape, so
that a compromise has to be struck. In ad-
dition, handling the net requires practice.
Slight tilting of the net in relation to current
direction will bring about the loss of many
animals already in the net or being trans-
ported towards it. Before the sampling on
which the present results are based was com-
menced, the author worked for some time
with the express purpose of obtaining practice
and in order to standardize the procedure.

5.4. Weighing procedure

Before being weighed, the animals were
immersed in distilled water for about 30 min
and then left to dry on a filter paper, until no
liquid was visible on their surface. Most
samples were weighed on an analytical
balance permitting readings to 0.1 mg, but
the large blackfly samples were weighed on a
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coarser balance to 10 mg. Cases of caddisfly
larvae and pupae were removed, but molluscs
were weighed in their shells.

5.5. Statistical evaluation of the standing crop
data

For all samples of mayflies, stoneflies and
caddisflies taken in June 1964 and later, mean
values and the standard error of the means
were estimated (Tabs. 19 to 28). This para-
meter was chosen because, given the mean
and the number of subsamples (Tab. 18),
the significance of any difference may be
determined using Student’s r-test.

It was empirically found that when two
mean SC values differed by a factor > 2, the
difference was usually significant at a level of
P < 0.05. A slightly higher factor was re-
quired in the caddisflies, a slightly lower one
in the mayflies and stoneflies.

The distribution of blackfly larvae over the
stream floor was so clumped that statistical
analysis was not justified. Yet most differences
to be discussed were so large and consistent
that their existence is beyond question.

Standard error of the means could not be
estimated in the material from before June
1964, because of the treatment of the samples
(§ 5.2). It may be assumed, however, that the
differences in this material are equally signi-
ficant, since the sampling procedure was
identical.

5.6. Extent and presentation of the material

The ten localities at which the main samples
were taken were described in § 2.2. Their
positions are shown in Fig. 2. The dates of
sampling are shown in Tab. 18, which also
includes data on the extent of each sample in
terms of standard area (calculated as described
in § 2.2.3) and the number of subsamples
comprised in the sample. A total of 13,378
stones were examined and their total standard
area amounted to approx. 250 mz2,

The primary data for each locality are set
forth in Figs. 20 to 29 showing the share of
mayflies, stoneflies, caddisflies, blackflies and

“other taxa” in the total standing crop (TSC)
as well as TSC in g/m2. In Tabs. 19 to 28, the
four major taxa mentioned are analysed on
the species level.

Tab. 18. The quantitative benthic samples. A

survey of their distribution in time, extent in

terms of standard area sampled and division on
subsamples.

Numbers of Standard Numbers of

Loc. Year Date stones area(m?2) subsamples
A 1962 15/7 108 2.01 3
2/8 124 2.36 3
5/10 56 1.23 3
1963 18/6 80 1.89 3
18/7 117 2.23 3
8/8 95 1.82 3
1964 13/5 129 2.60 3
5/6 133 2.87 9
16/7 88 1.60 6
13/8 77 1.46 9
11/9 74 1.57 9
1965 16/7 118 2.12 9
6/8 131 2.41 9
1330 26.17
B 1962 16/7 76 1.30 3
8/8 159 2.43 3
1963 12/6 100 1.64 3
20/7 109 1.83 3
7/8 116 2.28 3
13/11 139 2.32 3
1964 10/5 172 2.85 3
1/6 148 2.33 9
12/7 63 1.01 3
11/8 133 2.07 8
4/9 98 1.64 6
1965 17/7 108 1.89 8
11/8 129 2.06 9
1550 25.65
D 1962 17/7 267 3.92 3
3/8 175 2.85 3
1963 17/6 154 2.56 3
12/7 152 2.59 3
6/8 222 3.57 3
1964 11/6 204 3.34 8
24/7 144 2.30 7
24/8 151 2.54 8
16/9 113 1.80 6
1965 19/7 163 2.46 9
18/8 120 2.02 8
1865 29.95
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Numbers of Standard Numbers of

Numbers of Standard Numbers of

Loc. Year Date stones area(m?2) subsamples Loc. Year Date stones area(m2) subsamples
E 1962 18/7 120 3.16 3 N 1962 24/7 200 3.35 3
4/8 147 3.29 3 8/8 177 2.60 3
4/10 91 2.19 3 5/10 66 0.95 3
1963 11/6 100 2.37 3 1963 12/6 138 2.11 3
11/7 148 3.63 3 22/7 135 2.08 3
2/8 127 3.38 3 9/8 186 2.83 3
14/11 89 2.54 3 15/11 108 1.69 2
1964 9/5 173 4.06 2 1964 11/5 64 0.95 2
8/6 88 2.02 6 21/5 142 2.06 3
21/7 92 2.11 6 6/6 153 2.24 10
17/8 87 2.09 7 13/7 48 0.82 6
13/9 120 2.93 8 10/8 102 1.42 7
1965 20/7 104 2.22 7 14/9 122 1.80 8
10/8 116 2.66 7 1965 18/7 148 2.17 9
1602 38.65 13/8 156 2.24 9
H 1962 20/7 143 2.91 3 1945 2931
9/8 93 1.60 3 [0} 1963 16/7 86 1.68 3
4/10 52 0.93 3 1/8 128 2.41 3
1963 10/6 96 1.59 3 1964 2/6 74 1.38 6
17/7 138 2.44 3 23/7 120 2.39 10
5/8 115 1.96 3 6/9 89 1.93 7
1964 19/5 94 1.47 3 1965 27/7 110 2.58 10
12/6 101 1.77 6 607 12.37
22/7 75 1.18 5
14/8 38 1.43 6 P 1964 23/5 69 1.35 4
15/9 55 1.06 6 7/6 60 1.26 4
1965 17/7 115 1.88 7 10/7 51 1.14 4
11/8 114 1.75 7 1%;3 3; }-‘1‘(1) i
1279 2197 1965 14/7 89 1.73 4
K 1962 21/7 144 2.73 3 16/8 64 1.29 4
6/8 161 2.85 3 463 9.28
6/10 47 0.96 3 s
1963 14/6 112 2.24 3 Total number of stones, all ten localities: 13378
14/7 110 2.10 3 Total standard area, all ten localities(m?2): 248.31
3/8 86 1.84 3
14/11 169 3.44 2
1964 18/5 125 2.55 2
3/6 166 3.17 9 5.7. Standing crop of the localities
18/7 84 1.82 6 N
27/8 49 1.05 6 5.7.1. Loc. A (Fig. 20, Tab. 19)
17/9 74 1.59 8 TSC was found to vary between 1.9 (May
1965 15/7 A 1.79 8 1964) and 128 (July 1964) g/m2. The highest
/8 99 2.00 9 .
50 013 values derived from July and August, when
’ TSC was usually about 30 g/m2, with ex-
L 1962 2%; }gg ;;i g ception for August 1963 (3.9 g/m2) and July
1963 9/7 78 L6l 3 1964 (128 g/m2). These high TSC values were
4/8 101 1.92 3 almost entirely due to the mass development
16/11 137 2.88 2 of blackfly larvae and pupae, which made up
1964 7/6 107 1.94 6 97.8% of TSC in July 1964.
20/7 126 2.53 8 ‘ X oo
12/8 74 152 7 Mayflies reached their highest percentual
12/9 90 1.78 7 share in June 1964 and October 1962; the
1965 14/7 116 2.26 9 absolute value was highest on the former
9/8 89 1.67 6 occasion. Mayflies were practically absent in
1220 24.33

May 1964 (cf. § 7.3). The high SC one month
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Fig. 20. Loc. A. Percentual composition of the standing crop. Total standing crop values are
shown above the graph.

later was caused by Ephemerella aurivillii
which also dominated in June 1963. In July
Heptagenia sulphurea and Baetis macani were
in many places dominant, and were succeeded
in August by B. subalpinus; unidentified small
Baetis nymphs were also numerous in this
month. In September and October, E. auri-
villii was again the dominant species.
Stoneflies made up an insignificant portion
of TSC at all times except early spring and
autumn. Both relatively and absolutely they
were particularly poorly represented in July
and August. In May, Diura nanseni was the
dominant species followed by Isoperla gram-
matica, which was dominant in June. The low
summer stonefly SC values reflected small
quantities of several species. In autumn, D.
nanseni again became numerous and was co-
dominant with Taeniopteryx nebulosa.
Caddisflies were often important at loc. A.
In September 1964, caddisflies made up 3/4 of
the TSC. Usually Rhyacophila nubila was the
dominant species, but in June Potamophylax

stellatus and Apatania sp. were also important.
It is not known why RA. nubila was absent in
May.

In May only egg-masses of blackflies were
found. In June small larvae of the genus
Cnephia abounded; they were presumably
C. tredecimata. The July SC was usually
dominated by Schdnbaueria annulitarsis, which
was succeeded by Simulium truncatum in
August, at which time S. argyreatum was also
important. After the end of August there
were no traces of blackflies except in the form
of egg-masses.

In the impoverished May sample, tipulid
larvae made up a large proportion of TSC.
Gastropods (usually Radix peregra but some-
times Gyraulus acronicus) were relatively im-
portant in autumn. Chironomids made up a
small but comparatively constant element.
A few heavy lumbricids were sometimes
obtained, while the vicinity of the lake ex-
plains the presence of Gammaracanthus la-
custris.
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Fig. 21. Loc. B. Percentual composition of the standing crop.
For explanation, see Fig. 20.

5.7.2. Loc. B (Fig. 21, Tab. 20)

TSC values were at a much lower level in
summer than at loc. A, seasonal differences
being almost non-existent. Another palpable
difference is the relative insignificance of
blackflies.

Mayflies were the most important group
at loc. B, where they made up 25 to 659% of
TSC. The highest absolute value was recorded
in July 1964, followed by that of the same
month in 1965. Low figures were usually found
in August and May. The dominant species in
May and June were Ephemerella aurivillii,
Baetis rhodani and Ameletus inopinatus. In
July the first and the last of these had vanished,
and B. rhodani dominated alone. B. fuscatus,
B. pumilus and B. lapponicus sometimes oc-
curred in considerable quantities in that
month, but the first-mentioned of these three
became more important in August, when
Heptagenia dalecarlica and B. subalpinus were
also prominent. Later in the year B. rhodani
and E. aurivillii became once more common,
but not Ameletus inopinatus.

Stoneflies reached their highest relative and
absolute values in spring and autumn. In all

months except July, Diura nanseni was very
important. Other prominent species were
Isoperla grammatica and Leuctra fusca. In
November, Taeniopteryx nebulosa and D.
nanseni comprised the entire SC.

Caddisflies fluctuated irregularly, but usu-
ally achieved a high figure in August. In May
and June, Glossosoma intermedium and Pota-
mophylax stellatus were dominant. For the
rest of the year, Rhyacophila nubila was
dominant. G. intermedium became important
again in late autumn. )

As mentioned above, blackfly larvae were
far less abundant at loc. B than at loc. A.
They were numerous only in June when
Prosimulium hirtipes and Cnephia sp. (almost
certainly C. fuscipes) were the main species.
Helodon ferrugineus and Odagmia ornata
were also of some importance, emphasizing
the qualitative difference between the two
localities. In July, values generally dropped,
but in 1964 they remained high. Later only
scattered specimens, often of Simulium trunca-
tum, were recorded, whereas a certain number
of Odagmia spp. larvae were found in late
autumn.
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Fig. 22. Loc. D. Percentual composition of the standing crop.
For explanation, see Fig. 20.

5.7.3. Loc. D (Fig. 22, Tab. 21)
Like loc. B, seasonal fluctuations at loc. D
were of small extent in terms of TSC. Un-
fortunately this locality was inaccessible in
May, October and November.

Mayflies were very important and usually
responsible for about half the TSC. In June,
four species were about equally abundant,
viz. Ameletus inopinatus, Ephemerella aurivillii,
Baetis rhodani and Heptagenia dalecarlica. By
July the first two species had vanished. The
other two species were dominant throughout
the rest of the year. A considerable number of
species were found in small quantities, among
which Baetis pumilus and Metretopus borealis
were most frequent.

Stonefiies comprised only a small portion of
the TSC. Their relative share was higher in
spring and autumn than in summer. There
was a frequent invasion of species deriving
from the nearby lake, particularly Diura bi-
caudata, and also of Arcynopteryx compacta
from at little stream falling into the main
stream near the sampling site. Early in the
year, Brachyptera risi was relatively numerous.

Loc. D differed from the rest in the rela-

tively low dominance of Rhyacophila nubila;
it was replaced by Polycentropus flavomacula-
tus, unidentified limnephilins and, early in the
season, Potamophylax stellatus.

Blackflies were present in appreciable
quantities only in July and, to a much lesser
extent, in June. Gnrus forsi, Cnephia fuscipes
and Helodon ferrugineus were particularly im-
portant.

Oligochaetes had a larger share of TSC than
at most sites. Occasional high values were due
to a few heavy lumbricids. As a result of the
proximity of lenitic biotopes, Gammaracanthus
lacustris was frequently recorded.

5.7.4. Loc. E (Fig. 23, Tab. 22)
This locality resembled loc. A, although with
some clear distinctions. The chief similarity
was the predominance of blackflies in summer
and the consequently large seasonal fluctua-~
tions in TSC. Spring values were remarkably
low.

The composition and fluctuations of the
mayfly zoome were similar to those described
for loc. A. Because of the proximity to the
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Fig. 23. Loc. E. Percentual composition of the standing crop.
For explanation, see Fig. 20.

lake, Baetis macani was important in summer.
The stonefly pattern also resembled that found
at loc. A. The very high SC value recorded in
November was due mainly to Taeniopteryx
nebulosa. A difference from loc. A was the
presence of Isoperla obscura.

Except in October, the caddisfly SC tended
to increase in the course of the year. A striking
difference from loc. A was the presence of
Arctopsyche ladogensis. Usually Rhyacophila
nubila was the most important caddisfly
species.

Again as in loc. A, there were no blackfly
larvae at loc. E in May. The subsequent suc-
cession of species resembled in many respects
that found at loc. A, but Crephia tredecimata
was replaced by C. lapponica at loc. E.

Among lacustrine species, Gammaracanthus
lacustris was frequent at loc. E. Molluscs were
of some significance, particularly in autumn,
with Radix peregra dominating and Gyraulus
acronicus playing a subordinate role.

5.7.5. Loc. H (Fig. 24, Tab. 23)

This locality was in many ways intermediate
between the outlet and the non-outlet types.

This is seen from the TSC figures. Judging
from these for 1964, one would be inclined to
group loc. H with locs. A and E, but from the
data of the other years, one would rather place
it with the non-outlet localities. In July 1964
there was a considerable peak of blackfly SC,
which was without correspondence in the
other years.

Mayflies were not so important as at locs.
B and D. The highest absolute figures occurred
in June 1963 and 1964 as well as in August
and September 1964. The relative scarcity of
Baetis rhodani was characteristic. The tempo-
ral succession of the species on the whole re-
sembles that already described.

Diura nanseni was very dominant for most
of the year. In May it was the only stonefly
present in any numbers.

The bulk of the caddisfly SC consisted of
Rhyacophila nubila. Sometimes Arctopsyche
ladogensis was also important. Possibly a
small proportion of the larvae belonged to
Rh. obliterata McL., imagines of which were
obtained in small numbers in a light-trap at
this site.

The year-to-year differences of blackfly SC
were extremely large. In June the dominant
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Fig. 24. Loc. H. Percentual composition of the standing crop.
For explanation, see Fig. 20.

species was Crephia fuscipes followed by Gnus
forsi, thus two species of very secondary im-
portance at the true outlet localities. In 1964,
C. fuscipes dominated in July, but in the other
years, when the SC values were lower, S.
truncatum was dominant in this month. Thus,
in 1964 when the seasonal fluctuations were
of “lake outlet type”, the dominant species
was C. fuscipes, usually preferring non-
outlets.

5.7.6. Loc. K (Fig. 25, Tab. 24)
This locality most closely resembled locs. B
and D, TSC values being low and without
noticeable seasonal fluctuations. A distinguish-
ing feature was the relative importance of
gastropods and oligochaetes.

Mayflies usually comprised between 4 and
4 of TSC. The sequence of species was similar
to that repeatedly described above. There
were scarcely any lenitic species present.

Stoneflies were as usual most important in
spring and autumn. Amphinemura borealis and
Protonemura meyeri were more important here
than at most places. Among the caddisflies,
Rhyacophila nubila, Arctopsyche ladogensis
and Polycentropus flavomaculatus dominated.

Except in July 1964, blackfly SC was low.
Helodon ferrugineus, Eusimulium spp. and
Odagmia spp. were prominent. The peak in
July 1964 was due to Cnephia fuscipes. Some
larvae of the genera Eusimulium and Odagmia
overwintered.

The relatively high SC of Coleoptera was
almost exclusively due to Elmis aenea. Small
numbers of lumbricids were frequently ob-
tained, considerably affecting the TSC. The
dominant gastropod was Radix peregra.

5.7.7. Loc. L (Fig. 26, Tab. 25)

This locality closely resembled the previous
one, although oligochaetes and gastropods
were much less important. A small brook
falling into Vindeldlven just above this
locality explains the occasional findings of
e.g. Plectrocnemia conspersa and Dinocras
cephalotes. TSC was low and without obvious
seasonal fluctuations.

Mayflies were important, Ephemerella au-
rivillii making up a large part of their SC in
June and September. Stoneflies were relatively
unimportant, while caddisflies were more
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Fig. 25. Loc. K. Percentual composition of the standing crop.

For explanation, see Fig. 20.
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Fig. 27. Loc. N. Percentual composition of the standing crop.
For explanation, see Fig. 20.

than usually prominent. Rhycophila nubila
and Arctopsyche ladogensis were usually do-
minant, but in June, Potamophylax stellatus
dominated.

In all years except 1964, blackflies were
relatively unimportant. Prosimulium hirtipes
and Crephia sp. (only C. fuscipes positively
identified) were important in June and some-
times in July, when Helodon ferrugineus,
Schonbaueria annulitarsis and Gnus forsi also
occurred. Sparse populations of Odagmia
monticola and Eusimulium sp. probably hiber-
nated as larvae.

5.7.8. Loc. N (Fig. 27, Tab. 26)
This was also a locality with low and relatively
stable TSC, very like loc. B in particular. The
highest TSC was recorded in November 1963.
Absolute values of mayfly SC were highest
early and late in the year. The seasonal suc-
cession was similar to that at loc. B. Stone-
flies were relatively important. In late autumn,
Taeniopteryx nebulosa was very prominent.
Among the caddisflies, Glossosoma intermedi-
um and Potamophylax stellatus dominated in

May and June. From July onwards, RhAyaco-
phila nubila was usually the most important
species, but was sometimes surpassed by Po-
tamophylax stellatus and Apatania sp. (almost
certainly A. stigmatella, cf. § 1.5). On one
occasion, Arctopsyche ladogensis larvae were
obtained in some numbers; this was the only
locality in Tjuldn where this species occurred.
The absence of G. intermedium from the No-
vember sample is inexplicable.

Blackfly larvae were sparse at all times. In
spring Prosimulium hirtipes dominated, suc-
ceeded by Cnephia sp. (only C. fuscipes posi-
tively identified); the relatively high SC of
July 1964 was due to this species.

5.7.9. Loc. O (Fig. 28, Tab. 27)
This locality most closely resembled locs. B
and N, but with important differences. There
were no significant seasonal TSC fluctuations.
Among the mayflies, Baetis rhodani and
Heptagenia dalecarlica dominated. At no
other place was B. lapponicus as important as
here, whereas B. fuscatus and B. subalpinus
were of little importance.
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Fig. 28. Loc. O. Percentual composition of the standing crop.

For explanation, see Fig. 20.

The most characteristic feature of loc. O
was the abundance of Dinocras cephalotes.
Most samples were totally dominated by this
species as far as stoneflies are concerned.

Rhyacophila nubila was the dominant
caddisfly but in autumn was surpassed by
Philopotamus montanus — a species restricted
to locs. O and P.

A conspicuous difference from other locali-
ties described above was the absence of
Simulium truncatum and Schonbaueria annuli-
tarsis. Dominant blackfly species were Prosi-
mulium  hirtipes, Cnephia fuscipes, Helodon
Jerrugineus and Gnus forsi. Seasonal changes
in blackfly SC were exceptionally small at
loc. O.

5.7.10. Loc. P (Fig. 29, Tab. 28)
This locality was in a much smaller water
course than any other, but was most similar
to loc. O. Blackflies were comparatively im-
portant for a non-outlet locality.

The proportion of mayflies was relatively
low and stable. It differed from loc. O in that

Baetis lapponicus was replaced by B. pumilus
as a dominant species.

Except in the May sample, stoneflies made
up a very small proportion of TSC. In May,
Diura nanseni and Leuctra hippopus were the
dominant species. In June, the composition
was very unusual, consisting of Amphinemura
sulcicollis, Protonemura meyeri and Chloro-
perla burmeisteri. Later, Leuctra digitata was
of some importance, while L. fusca was scarce.
There were two records of small nymphs of
Dinocras cephalotes, indicating a resident po-
pulation higher up in the stream.

In May and June, Potamophylax stellatus
dominated among the caddisflies, but Rhya-
cophila nubila and Plectrocnemia conspersa
were also common. The last-mentioned
species was not regularly obtained at any
other locality; interestingly Polycentropus
Sflavomaculatus, its ecological counterpart,
was absent (cf. § 3.5.4). Similarly, Arctopsyche
ladogensis was replaced by Hydropsyche sp.
(only H. nevae Kol. identified from the study
area).

The high blackfly SC in July was due to
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Fig. 29. Loc. P. Percentual composition of the standing crop.
For explanation, see Fig. 20.

Cnephia fuscipes, which was preceeded by
Prosimulium  hirtipes and succeeded by
Odagmia monticola. O. monticola and O.
ornata hibernated as larvae in the stream.
As at loc. O, seasonal fluctuations of blackfly
SC were not particularly violent at loc. P.
A certain number of larvae spent the winter
in the benthos, which is in contrast to the
outlets and most other localities in the main
river. Again like loc. O, this locality was not
inhabited by Schonbaueria annulitarsis and
Simulium truncatum.

5.8. Local differences of standing crop and of
its seasonal cycle

As is apparent from the above descriptions
there are important differences between the
lake outlet localities (A, E and to some extent
H) and the others. A closer analysis will be
made here, on the basis of the data from 1964
supplemented with those from October 1962
and November 1963.

As may be seen in Fig. 30, local differences

of TSC were relatively unimportant in May,
June, October and November. In July and
August, the outlets had much larger TSC
values than the other localities, and in Sep-
tember this was so for loc. A but not for locs.
E and H.

The less extensive information from 1963
confirms this result (Fig. 31). In this year the
distinctiveness of the outlets disappeared as
early as in August but had, on the other hand,
developed in June.

In Fig. 32 the situation of the blackflies in
the two locality types is compared. A very
clear peak in July extending into August
occurs at the outlets. When that part com-
posed of blackflies is subtracted from the
TSC, the differences between outlets and the
others are seen practically to disappear. Loc.
A did show a fairly high TSC value even after
this subtraction, which was due to a high
caddisfly SC, particularly Rhyacophila nubila
and Potamophylax stellatus. These are active
feeders. The net-spinning caddisflies did not
occur in particularly large quantities at the
outlets.
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May 1964

The lacustrine organic matter entering the
river to a certain extent becomes attached to
the bottom and periphyton. It may then be
utilized by bottom feeding animals for which
the seston is unavailable. Only the blackfly
larvae exploit the seston in a large scale. The
restricted occurrence of certain blackfly species
at the outlets (§ 3.5.2) probably reflects this
special adaptation to the nutritional condi-
tions prevailing at these sites.

The TSC values at outlets and non-outlets
at the time of peak development of the black-
fly zoome at the former sites are compared in

% Jul 1964

Aug 1964

Nov 1963

Fig. 30. Sketch maps
of the Ammarnés area
showing the standing
crop values in g/m?2

at different seasons
and localities and the
proportion consisting
of blackfly larvae.

Tab. 29. The TSC at the outlets was usually
about 10 to 20 times higher than at the non-
outlets, the differences being smaller and less
regular in Vindelidlven than in Tjulan.

The outlets differed from the other locali-
ties not only in absolute TSC levels but also
with respect of their seasonal variations. Out-
lets are characterized by extremely pro-
nounced TSC peaks in July, whereas seasonal
fluctuations at the non-outlets are barely
discernible: sometimes there was even a
slightly lower TSC in summer.

The outlet communities of northern Scan-
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Juni9e3’ 19

Jul 1963

Fig. 31. Sketch maps of the Ammarnids area showing the standing crop values] in g/m? in
June, July and August 1963 and the proportion consisting of blackfly larvae.

dinavia have been studied by Miiller (1954 a,
1955, 1956, 1962 b) and lilies (1957). In many
respects, the results of the present investiga-
tion agree with those found by these workers,
for example in terms of TSC and the ratio be-
tween outlet and non-outlet TSC values. The
specific composition, however, in part differed.
Miiller and Illies found a considerable
quantity of net-spinning caddisfly larvae at

16 +0

Jul 1962 Jul 1963

their outlet localities; the most abundant
species in their areas, Neureclipsis bimaculata
L., has never been recorded from the Ammar-
nis area. For mayflies, stoneflies and caddis-
flies, Iilies (op. cit.) found no qualitative
difference between outlets and non-outlets,
as in the Ammarnis area, where, however,
certain blackfly species were found to charac-
terize outlet communities (cf. § 5.7.2).

Jul 1964 Jul 1965

Fig. 32. Sketch maps of the Ammarnis area showing the standing crop values for mayflies,
stoneflies and caddisflies but without the blackflies in July 1962 to 1965.
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Tab. 29. Standing crop at the non-outlet localities expressed as percentage of the quantity at the
outlets in Tjulédn (locs. A, B, N) and Vindeldlven (locs. M, L, K, J, E, F, G) in July and August
1962 to 1965. See Fig. 2.

/mZ 0o g/mZ 0o /m2 oo g/mz Da
Loc July 1962 July 1963 July 1964 July 1965
AL 27.9 100 354 100 128.0 100 38.3 100
B........ 3.9 14 2.0 6 12.7 10 5.3 14
N....... 1.6 6 1.2 3 5.1 4 2.5 7
L.o....... 1.1 2 2.8 21 9.0 24 2.7 17
K....... 3.7 6 1.8 13 4.9 13 2.2 14
I 2.4 4 - - - - - -
E........ 61.0 100 13.6 100 37.2 100 16.1 100
F........ 0.8 1 - - - - - -
G....... 1.7 3 - - - - - -

August 1962 August 1963 August 1964 August 1965
Aooo... 33.2 100 3.9 100 26.7 100 28.8 100
B........ 1.8 5 1.3 33 7.1 27 2.8 10
N....... 1.2 4 2.1 54 1.3 5 2.1 7
M....... 1.8 22 0.7 33 - - - -
L........ 1.8 22 1.1 52 3.6 30 2.0 41
K....... 2.2 27 2.7 129 2.9 24 2.4 49
T 2.2 27 0.6 29 - - - -
E........ 8.3 100 2.1 100 12.1 100 4.9 100
F........ 1.4 17 - - - - - -
G....... 2.5 30 i1 52 - - -

5.9. Year-to-year differences in standing crop

Year-to-year comparisons were possible for
June, July and August (Tabs. 30 to 32).

Differences were assessed in two ways. As
stated above (§ 5.5), if an SC value is about
twice another, the difference may be assumed
to be significant. In the three tables, values
that are more than twice any other value for
the same month and locality are printed in
bold-type, those that are less than half any
other value in italicized type. Exceptions
were made when either or both values in a
comparison was less than 0.1 g/m2; such low
values are less reliable and were therefore
omitted.

Moreover, the SC values for each month
and locality were ranked in order of decreas-
ing size, and the ranking figures summed for
each year. The lower the total score, the
higher the relative SC quantities.

Jt is found that the SC values for July and
August 1964 were distinctly higher than in
any other year for practically all major taxa.
Otherwise, year-to-year fluctuations were
much less obvious, although low values were
particularly frequent in 1963. In June 1964,
stoneflies showed higher SC values than in
the same month 1963, but for the other three
groups this was not the case.

It might be expected that blackflies would
differ from mayflies, stoneflies and caddisflies
because, in the main, they have a very
different life cycle. Most blackfly species
spend much of the year as eggs, and these ani-
mals are presumably protected from a great
many vicissitudes to which animals with long
nymphal/larval periods are exposed. Yet the
blackflies showed close parallellism with the
other groups.

In some cases year-to-year differences may
be due to different timing of the life cycles
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Tab. 30. Annual differences in June of standing crop values for mayflies, stoneflies, caddisflies and

blackflies. When one value was at least twice the other value for the same locality, the higher value

was printed bold-face and the lower one in italics. When either was lower than 0.1 g/m2, no typo-
graphical demarcation was used.

Ephemeroptera Plecoptera Trichoptera Simuliidae

Loc. 1963 1964 1963 1964 1963 1964 1963 1964
A SC....... 0.9 4.4 0.3 1.0 2.2 1.1 12.6 0.1
rank...... 2 1 2 1 1 2 1 2

B SC....... 2.5 2.9 0.3 1.9 2.3 0.5 0.5 0.5
rank...... 2 1 2 1 1 2 1 1

D SC....... 3.4 2.2 0.3 0.8 2.0 1.8 0.5 0.2
rank...... 1 2 2 1 1 2 1 2

E SC....... 0.04 0.4 0.2 0.4 0.006 0.3 0.5 1.0
rank...... 2 1 2 1 2 1 2 1

H SC....... 1.9 2.1 1.4 1.7 0.6 0.7 3.0 2.9
rank...... 2 1 2 1 2 1 1 2

J SC....... 1.1 0.8 0.02 0.1 0.6 0.5 0.1 0.2
rank...... 1 2 2 1 1 2 2 1

K SC....... 1.1 2.6 0.06 0.5 0.6 0.9 0.007 0.03
rank...... 2 1 2 1 2 1 2 1
M SC....... 1.0 1.8 0.02 0.4 0.3 0.3 0.02 0.05
rapk...... 2 1 2 1 1 1 2 1
N SsC....... 3.2 3.7 0.6 1.3 2.1 1.1 0.2 0.07
rank...... 2 1 2 1 1 2 1 2
Total score .... 16 11 18 9 12 14 13 13

affecting the result of the sampling. This
probably explains some of the fluctuations in
the blackflies, which would be particularly
sensitive to this sort of disturbance because
of their compressed life cycle. This is not the
whole explanation though.

Too few years were studied to allow a more
detailed analysis of the year-to-year fluctu-
ations. However, apart from a few exceptions,
the four major taxa did tend to vary in a
parailel manner. One of the few features
common to a majority of the species is that
their flight-periods are restricted to a short
period of the year, approximately from the
middle of July to the end of August (Ulfstrand
1968: Tab. 3). During this time most species
undergo their adult life. At this time another
whole complex of factors are encountered
which affect survival.

Large-scale year-to-year fluctuations in
benthic communities were found by Allen
(1951), who was able to correlate them with
spate frequency, and by Macan (1962 a) who
also found long-term trends which were
presumably the result of human disturbance.

5.10. Regional comparisons

Any comparison between different workers’
results will suffer from the partial incompati-
bility of their methods (cf. Cummins 1966).
But despite this, some conclusions may be
drawn from such comparisons — with due
circumspection. Albrecht (1959) has published
a useful review of precisely this problem. It
will therefore suffice to compare the present
results with those compiled by her. She listed
standing crop values from a number of
rhithron biotopes, and it is obvious that the
data from the Ammarnis area fall well in line
with the other records, although they are, on
the whole, a little low. Some papers published
after Albrecht’s review show no particular
divergencies (Okland 1963, Maitland 1965,
1966, Lillechammer 1966). Miiller’s (1953)
results from the high boreal zone of northern
Sweden are strikingly similar to mine.

Large rivers of potamon character often
yield much higher TSC values, in many cases
because of an abundance of mussels (e.g.
Berg 1948).
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Rhithron biotopes all over Europe, thus,
seem to contain TSC of approximately similar
levels. There is of course no definite relation-
ship between productivity and standing crop.
It is quite possible that potamon biotopes with
very high TSC may have a rather low pro-
ductivity. It is also likely that in productivity,
the Lapland rhithron streams would compare
more unfavourably with more southerly ones,

where many species are able to produce two
or more generations per year (e.g. Illies 1952,
Dittmar 1955 a, Macan 1963, Ulfstrand 1968).

Finally, it can be observed that the general
similarities between standing crop data
obtained by different workers in different
areas attest to the practicability of benthic
sampling in rhithron biotopes.

6. Quantitative composition of the benthic community in

terms of population densities

6.1. Introduction

The advantage of studying community com-
position in terms of standing crops rather than
numbers of individuals was pointed out in
§ 5.1. However as a background to an analysis
of the relationships between population move-
ments and resident benthic populations it was
found necessary to obtain some information
of numbers of individuals present (cf. § 8.7).
These studies were restricted to Tjulan, i.e.
locs. A, B and N and to the years 1964 and
1965.

When a species is represented by large
numbers of small nymphs/larvae, the popula-
tion density is likely to be strongly under-
estimated. And even when a population con-
sists only of large nymphs/larvae, the estimates
will be conservative.

Mayflies, stoneflies and caddisflies from
locs. A, B and N were directly counted;
blackflies at locs. B and N were also counted
but at loc. A had to estimated from weighing
subsamples and counting the individuals,
after which the numbers included in the whole
sample could be calculated. Numbers of
caddisflies and blackflies include pupae.

6.2. Population densities

In Tab. 33 the results of these counts are pre-
sented. The numbers of individuals of all
major taxa combined at loc. A fluctuated be-
tween 70,000 and 46 ind/m2. The poverty of
the community in May was remarkable, as

was the rapid increase in the ensuing period.
In June to August, blackflies comprised the
vast majority.

The amplitude of fluctuations was much
smaller at locs. B and N. But apart from
blackfly larvae, population densities were at
least as high at these sites as at loc. A. The
density of mayflies sometimes rose to over
1,000 ind/m2, that of stoneflies and caddis-
flies to 300 ind/m2, although the Ilast-
mentioned group on one occasion at loc. A
achieved a figure of 500 ind/m2.

The great difference between the outlet and
the other two sites is as apparent in these
terms as in terms of standing crop (cf. §§
5.7.1, 5.7.2 and 5.7.8).

6.3. Total numbers of blackfly larvae/pupae at
loc. A at maximum development

1t is possible to arrive at a rough estimate of
the total number of blackfly larvae present at
loc. A in July 1964, when numbers were at
their peak.

The distribution of the blackfly larvae at
and near sampling loc. A was examined in
some detail. The central deepest part of the
stream could not be sampled extensively, but
it was possible to observe that blackfly density
was very much lower there than in the
shallower waters. This was probably because
of the dense carpet of Didymosphenia geminata
covering this central channel, which was
approximately 5 m wide. Along each shore
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was a zone of more favourable conditions,
also about 5 m in width on each side. From
where the lotic conditions start, similar
densities as those found in the samples pre-
vailed for a distance of approx. 40 m. In the
next 50 m of stream blackfly density was less
and was estimated at about 25 % of that found
at the sampling locality proper. Below this,
the nature of the stream changed abruptly,
and blackflies were almost absent.

Thus, in an area of 2 X 40 X 5m = 400 m2
there were ca 67,000 ind/m2; in the down-
stream area of 2 X 50 X 5 m = 500 m2 there
was an estimated density of ca 16,000 ind/m2;
the few larvae in the deep zomne being dis-
regarded. The total number of blackfly larvae
and pupae at the outlet of Tjuldn from Stora
Tjultrdsk in July 1964 was thus in the order
of 35 x 106 individuals, concentrated to an
area of ca 900 m2,

7. Standing crop changes, population movements and production

7.1. Introduction

As is apparent from §§ 5 and 6 both standing
crop and population density frequently
changed drastically between consecutive
samples.

In theory, the productivity of a population
or a community may be estimated from data
on weight increase, divided by time. However
this is rarely possible in practice, since stand-
ing crop is influenced by many other factors,
such as immigration, emigration, mortality,
etc.

Jonasson (1955), Hynes (1961) and others
have commented upon the extreme difficulty
of estimating productivity in running water
communities. The heterogeneity of the sub-
strate, the continuous accrual of newly
hatched nymphs and the variety and varia-
bility of life cycles are some of the obstacles.
But in many of these discussions, the influence
of population movements is neglected. Studies
of the productivity in springs have in some
cases met with considerable success (Odum
1957, Teal 1957). One of the reasons for this
is probably that population movements (apart
from emergence of amphibiotic insects) are of
relatively small extent; however Miiller,
Kureck and Miiller-Haeckel (1963) found
that ground-water animals may move into
and out of a spring in a circadian rhythm.

In the present section some striking stand-
ing crop changes will be discussed in terms of
population movements and productivity. But
first there is need for a definition of some
terms.

7.2. Definition of productivity and production

Very different meanings have been attached
to these terms by different workers (Mac-
fadyen 1948, 1957, Thienemann 1955, Odum
1963, Davis 1963, Westlake 1965, Steemann
Nielsen 1965/66).

In this paper, the term productivity denotes
the rate of weight accumulation by a popula-
tion, by a zoome or by a community (cf. Spet
1965), whereas production is the accumulated
result of such a process. In amphibiotic insects,
productivity ceases when the insects emerge,
and total production is the total weight of all
the individuals immediately before emergence.

Accurate production and productivity
measurements are practically impossible in
lotic biotopes; a number of errors that occur
will be discussed below. Considering the
absence of any such data from northern
Europe, however, even rough estimates may
be of interest.

7.3. Population movements and standing crop
changes

It is unnecessary to examine every standing
crop change established in § 5, as something
about the background of such changes may
be learnt from a few characteristic examples.

In May 1964 practically no mayflies were
present at loc. A (§ 5.7.1), but some three
weeks later a large quantity was obtained,
representing an SC of 4.4 g/m2 (Tab. 19).
This large increase was almost entirely due to
Ephemerella aurivillii whose density rose from
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1 to 351 ind/m?2 (Tab. 33). At this season the
nymphs of this species are large and approach-
ing emergence (Ulfstrand 1968). It was there-
fore out of the question that they might have
been overlooked on the first occasion, or have
dwelt in the hyporheal biotope: they were
plainly too large for either alternative. Further-
more, ephemerellid nymphs are extremely
poor swimmers, and crawl slowly and de-
liberately, so that long-range upstream trans-
fers are ruled out. Finally they could not
invade the place from upstream, since it was
a lake outlet and the species does not live in
lakes. There seems to remain just one possi-
bility, that of transverse movement across the
stream bed. Probably the nymphs spend
winter in the middle of the river to avoid being
stranded at low flow. It seems reasonable to
assume that they spread out again after the
break-up of the ice prior to their emergence.
No other explanation of this enormous in-
crease of E. aurivillii is forthcoming.

Another example is taken from loc. N
(§ 5.7.8). Two samples were taken in May 1964
with ten days’ interval. In this period the may-
fly SC rose from 0.1 to 2.2 g/m? (Tab. 26).
On both occasions the dominant species was
Ameletus inopinatus which increased from 13
to 462 ind/m2 (Tab. 33). This species, in con-
trast to E. aurivillii, is a deft swimmer, so that
upstream movements cannot be ruled out, al-
though downstream or transverse movements
are perhaps more likely. In any case, a popu-
lation movement rather than local weight ac-
cumulation evidently brought about the
change.

Numerous SC changes seem impossible to
explain in any other terms than population
movements. Sometimes it is possible to
suggest how these movements take place.
The conclusion is that many SC increases are
not due to local productivity and that SC
values cannot be used for productivity
estimates in the biotopes under consideration.
The only way of estimating productivity and
production would be encompass a stretch of
river between two lakes, but this is as yet im-
possible. However, because of a series of
favourable circumstances it is possible to

make an approximate assessment of blackfly
productivity at the lake outlets.

7.4. Productivity and production in blackfly
zoomes at lake outlets

7.4.1. Some sources of error

Because of their rapid life cycle, synchronized
hatching and emergence and dense popula-
tions the blackflies are comparatively suitable
for productivity estimates. Moreover, popula-
tion movements may be largely ignored, for
there is no downstream invasion from the
lake and obviously little if any upstream
movement, so that the only effect of move-
ments is the downstream drift reducing the
apparent productivity. With regard to the
large numbers of resident animals and the
relatively moderate occurrence of drift farther
downstream this factor was probably only of
minor significance.

In addition to downstream drift, there are
some factors causing the productivity esti-
mates to be too low, e.g. larval and pupal
mortality and emergence.

While it is as yet impossible to appreciate
the quantitative significance of these errors,
they all tend to reduce the estimated values
which are consequently very conservative.

7.4.2. Blackfly productivity and production at
loc. A

In June 1963, Schonbaueria annulitarsis was not
found at loc. A but in July its SC was 19.5
g/m2. The productivity in this time span was
then 0.65 g/m2/day.

In 1964, there were no blackflies at all in
May and very few in June. In July, however,
total blackfly SC amounted to not less than 125
g/m2, representing a productivity between the
two sampling occasions of 3 g/m2?/day. The
species involved were Crephia sp. (mainly C.
tredecimatd) with 60.5 g/m2 = 1.48 g/m2/day,
Sch. annulitarsis with 23.9 g/m2 = 0.58 g/m2/
day, and Gnus forsi with 34.3 g/m2 = 0.81 g/
m2/day. Between July and August, the SC of
Simulium truncatum increased at a rate of
0.19 g/m?/day.
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7.4.3. Blackfly productivity at loc. E

Between June and July 1963, total increase of
blackfly SC occurred at a rate of 0.3 g/m2/day.
In 1964, no blackflies were present in May and
very few in June. The productivity of Crephia
spp. between June and July amounted to
0.35 g/m2/day. The corresponding values for
Schonbaueria annulitarsis and Simulium trunca-
tum were 0.24 and 0.19 g/m2/day, respectively.

7.4.4. Blackfly productivity and production at loc.
A in relation to food supply
To my knowledge the productivity of the
blackfly zoome at loc. A in 1964 surpasses
anything previously found in rhithron bio-
topes. This raises the question of how much
organic matter transported with the water was
available for this tremendous aggregation.
The SC value in July 1964 was the mean of
six subsamples covering in all 1.6 m2. As dis-
cussed in § 5.3, stones making up a sample
were removed at random within the locality
and represented a variety of microbiotopes.
They were taken in three different water depth
classes in approximately equal proportions.
The six subsamples yielded the following SC
values: 78, 109, 126, 139, 139, and 159 g/m2.
In § 6.3, the distribution of the blackfly
larvae at the outlet of Tjuldn from Stora
Tjultrask was discussed. Making the same
assumptions as in that section, the total SC of
the blackflies at the outlet in July 1964 was
estimated to be 65 kg. This amount was
formed in the interval since the preceeding
sample which yielded almost no blackfly SC
at all. Thus the overall productivity in this
period was about 1.6 kg/24 hr.

As is well known, blackfly larvae ingest
suspended matter, without distinct preferences
as long as the particles are of a certain size
(e.g. Rubzow 1959/64, Williams et al. 1961,
Carlsson 1962).

According to data from Kungl. Vattenfalls-
styrelsen (in litt.) the flow in Tjuldn in late
June 1964 amounted to ca 25 m3/sec, cor-
responding to 2.16 X 106 m3/24 hr. As shown
in Tab. 6, the water contained, on average,
about 2 mg/l undissolved organic substance
at that time (as measured below the blackfly
aggregation). This corresponds to 2 g/m3 and
4,320 kg/24 hr.

Naturally not all the organic matter trans-
ported with the current is available for the
blackfly larvae, and of the part ingested only
a fraction may be utilized for growth (e.g.
Lindeman 1942, Teal 1957). However, the
total quantity of organic matter passing the
blackfly aggregation in one 24-hr period was
about 2,700 times larger than the total daily
weight increase within the latter, so that the
food basis for the productivity seems quite
adequate.

The productivity fell sharply after mid-July.
It may be assumed that annual blackfly pro-
duction at the lake outlet was in the order of
100 kg per year. The surface area of river
bottom on which this was achieved may be
estimated at roughly 100 m2. The food for
this aggregation of animals was drawn from
the whole lake. A great part of the production
was removed from the stream as winged in-
sects, but a small fraction was returned in the
form of eggs.

8. Drift in relation to benthic populations

8.1. Introduction

Drift, in this context, is the downstream
transport of benthic organisms in a river.
This has for some time been recognized as an
important feature of lotic life. It has been
especially studied with respect to its circadian
rhythm (summarized by Miiller 1966; see also

6  OIKOS suppl. 10 (1968)

Waters 1962 b, Lehmann 1967). A number of
investigations have dealt with drift as a com-
ponent of population ecology (Miiller 1954 a,
b, ¢, 1956, Waters 1962'b, 1964, 1965, 1966,
Elliott 1965 a, b, 1967 a, b, Lehmann 1967,
Dimond 1967, Elliott and Minshall 1968).
It is mainly with this latter problem we are
concerned.
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Fig. 33. Total numbers of drifting animals obtained during the first 30 min of each 2-hr period
showing the circadian rhythm of the bottom and free drift of live animals and exuvia. The streaked
parts indicate the proportion of imagines. Letters A to F refer to sampling series I to VI, respectively.
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Tab. 34. Total number of live animals (the imagines having been subtracted) and exuvia in the
nocturnal and diurnal drift, as defined in the text (§ 8.3). x2 values above 3.84 are significant on
the <0.05 level, those above 10.83 at the <0.001 level.

Bottom drift Free drift

Series Nocturnal Diurnal Total %2 Nocturnal Diurnal  Total x2
Live animals
I........ 382 187 569 66.02 560 247 807 120.48
Im........ 345 294 639 3.90 547 378 925 30.48
IIn....... 742 431 1173 81.86 1102 554 1656 181.34
Iv....... 468 259 727 59.42 728 227 955 261.50
Vo.oo..o... 831 353 1184 192.98 1088 322 1410 416.14
VI....... 515 147 662 204.56 624 185 809 236.84
Exuvia
Io.o...... 457 420 877 1.64 663 536 1199 13.24
Im........ 757 651 1408 7.98 916 719 1635 23.96
Imr....... 408 275 683 26.26 536 323 859 53.26
IV....... 450 248 698 58.46 587 359 946 54.96
Voo 345 220 565 28.04 520 301 821 58.88
VI....... 224 148 372 15.52 282 226 508 6.18

8.2. Methods and material

Drift was sampled using plankton bags modi-
fied to withstand the swift current of Lapland
streams. They were fitted with flow-meters for
the immediate reading of the amounts of
water sampled. The entrance diameter was 16
c¢m, the bags ca 95 cm long, and mesh-size
145 p. Samplers intended for obtaining the
drift in the water near the bottom were placed
on the substrate and fastened with metal rods.
Drift in the upper water layers was sampled in
nets tied to a rope hung over the stream.

Six series each covering 24 hr were taken
at loc. N, Parallel samples in the upper and
lower water layers were drawn. Henceforth
these fractions will be referred to as free and
bottom drift, respectively. Animals riding on
the water surface were largely missed. Samples
were taken during the first 30 min of each
2-hr period.

8.3. Circadian rhythm

The circadian rhythm in drift is illustrated in
Fig. 33. The material deriving from the six
samples was divided into live animals and
exuvia; the live animals were subdivided into
benthic organisms and winged insects, and
these latter will not be discussed further. Free
and bottom drift were kept separate.

6*

Exuvia exhibited less pronounced circadian
rhythm than live animals. The 24-hr period
was divided into two parts, one from 17.00 to
04.00 hr and the other from 05.00 to 16.00 hr.
The former included the hours of reduced
light intensity or darkness and was considered
as “night”, the latter as ““day”. Using equal
division between night and day as a null
hypothesis, deviation from this was tested
with %2 analysis, and the result is shown in
Tab. 34. The difference between night and day
drift was significant in all cases except for
exuvia in bottom drift, series I.

The %2 values indicate that rhythm was
more distinct in August and September than
in June and July. Since the light factor has
been conclusively shown to be of paramount
importance for the circadian drift rhythm
(Miiller 1966), this is according to expectation.
At the same time, the existence of a circadian
rhythm around midsummer is not surprising,
for even if darkness is absent at this latitude
for a period around summer solstice, there is
a great difference between day and night light
intensity, and these differences are strength-
ened under the water surface. Cf. Remmert
(1965) and Kureck (1966).

For live animals, %2 values were consistently
higher in the free than in the bottom drift.

A closer analysis of circadian rhythm is
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Tab. 35. Total numbers of drifting animals obtained in the bottom and free drift samplers, respectively.

I II I

Bottom Free Total %2 Bottom Free Total 2 Bottom Free
Volume sampled (m3): 300 420 384 480 324 432
Live animals
A. inopinatus........... 129 127 256 7.77 95 87 182  4.36
B. fuscatus.............
B. lapponicus........... 27 49
B.pumilus ............. 39 22
B.rhodani ............. 49 35 84 9.60 60 109 169 5.39 36 62
Baetis Sp........ooiinn 85 110 195 0.34 94 293 387 63.67 37 85
E. aurivillii. ............ 31 9 40 20.05
A. borealis............. 42 47 89 0.18 25 23
L.fusca ...............
L. hippopus ............ 33 37 70 0.94
Coatra................ 23 42 65 1.01
D. nanseni . ............ 18 16 34 1.94 17 11 28 3.64
I. grammatica .......... 29 32 61 0.27
Rh. nubila .............
G. intermedium . . .. ... ..
A. stigmatella .......... 46 80
Apatania sp. ........... 18 7 25 7.95
Simuliidae............. 31 153 184  47.26 28 48 76 1.92 253 276
Chironomidae.......... 157 252 409 1.70 203 248 451 0.09 686 1032
Other benthic .......... 13 26 39 0.95 53 43 96  4.22 24 27
Total ................. 569 807 1376 639 925 1564 1173 1656
Exuvia
Ephemeroptera......... 230 362 592 2.01 353 438 791 0.05 426 467
Plecoptera............. 16 26 42 0.86
Trichoptera............ 20 26 46 0
Simuliidae............. 92 104 196 0.52 91 138
Chironomidae. ......... 423 527 950 3.16 927 1041 1968 5.56 154 240
Other benthic .......... 224 310 534 0.01 12 14
Total ................. 877 1199 2076 1408 1635 3043 683 789

beyond the scope of this study, but it may be
mentioned that differences between species
were present (Waters 1962 a, Miiller 1966,
Anderson 1967).

8.4. Vertical distribution of drifting live animals
and exuvia

In order to apply the results of the samplings
to the whole water volume, possible deviations
from random distribution of the drifting ani-
mals in the water have to be assessed. The
animals drifting on the surface (winged in-
sects) were not studied.

As a null hypothesis it was assumed that

the numbers of animals in the bottom and
free drift samplers were proportional to the
water volume passing through them: a larger
volume was usually filtered in the free drift
sampler.

In Tab. 35 the total number of animals ob-
tained in the two samplers are set forth. The
information is condensed in Tab. 36, where
all cases of significant deviations from expected
distribution are listed. These made up only a
minority, so that most often animals were
normally scattered within the flow. Epheme-
rella aurivillii was over-represented in the
bottom drift on all three occasions when it
was at all numerous. All five cases of signi-
ficant deviation concerning exuvia revealed a
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Significant deviations from expected distribution between the two drift fractions are listed in Tab. 36.

v v \%!
Total x2? Bottom Free Total 2 Bottom Free Total %2 Bottom Free Total %2
216 288 240 336 240 324
52 95 147 1.39 149 210 359 0.01 49 96 145 2.85
76 1.93
61 11.33
98 1.50 54 57 111 2.37 87 74 161 11.32
122 7.54 83 134 217 0.30 143 134 277 11.66 54 67 121 0.86
133 143 276 4.83 82 67 149 12.24
48  1.35
129 123 252 1295 96 115 211 1.25
99 150 249 0.02 151 181 332 2.09 106 84 190 17.05
43 62 105 O
15 14 29 1.28 70 111 181 0.37
22 49 71 2.86
126 2.08 32 39 71 0.94 46 71 117 0.31
529 5.22 136 160 296 4.57 67 99 166 0.10
1718 5.95 114 171 285 0 330 385 715 5.90 128 162 290 1.43
51 3.20 67 69 136 5.19 15 15 30 0.53 21 37 58 0.64
2829 727 955 1682 1184 1410 25%4 662 809 1471
893 8.46 226 295 521 2.60 99 171 270 2.97 128 186 314 0
229 0.87 224 249 453 4.86 25 30 55 0.30
394 2.33 223 381 604 2.49 428 598 1026 0 160 263 423 1.66
26 0.16 25 21 46 4.47 15 22 37 0 84 59 143 19.60
1472 698 946 1644 565 821 1386 372 508 880

certain over-representation in the bottom drift.
Evidently exuvia were drifting entirely passive-
ly, and their distribution may be taken as an
indication of how passively drifting small
objects with a specific gravity near 1 would
behave in the flow. This implies that over-
representation in the free drift sampler would
indicate some sort of “‘activity’’ on the part of
the drifters, and this fits in with the finding
(§ 8.3) that free drift was more rhythmic than
bottom drift. On the other hand, it is difficult
to see how blackfly and midge larvae could
influence their course in the stream; but the
mucous threads trailing behind blackfly larvae
might confer special properties to these ani-
mals.

8.5. Quantities of drifting animals

8.5.1. Calculation of flow volumes in different
water layers

Since certain differences between the free and
bottom drift fractions were found, it was
necessary to take account of this in the calcu-
lation of the total drift.

The bottom drift sampler was assumed to
yield a representative sample for the lower-
most 20 cm of water, and the free drift
sampler for the rest of the flow. Total flow on
the sampling days could be computed on the
basis of measurements carried out by Kungl
Vattenfallsstyrelsen (in litt.).

Since the two samplers were identical, the
differences between the water volumes sampled
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Tab. 36. Significant deviations from expected

distribution in bottom and free drift fractions.

Roman numerals refer to sampling series. As-
terisks show conventional probability levels.

Live More in More in

animals bottom drift free drift
Live animals
A. inopinatus... I1** I1*
B. pumilus .. ... TII***
B. rhodani .. ... [** V*** 1I*
Baetis sp....... YA E* TIH %% [T ***
E. aurivillii. . . .. Jrx* V* yI***
L. fusca ....... [V**x*
D. nanseni.. ... VI***
Apatania sp. ... 1I**
Simuliidae .... III*IV* [***
Chironomidae . V*** I1I*
“Other benthic”” II* IV*
Exuvia
Ephemeroptera  III**
Simuliidae .... IV*

Chironomidae . 1I*
“Other benthic” [V* V[***

by each were due mainly to differences in
current speed of the different water layers.
The ratio between the volumes was therefore
taken as reflecting the ratio between the cur-
rent speeds.

It was furthermore necessary to estimate
how much of the total flow passed in the upper
and how much in the lower layers, the limit
being put at 20 cm above the bottom. This
was calculated geometrically, assuming that
the cross-section of the stream was triangular.
Width and largest depth were known, and
hence the area of the cross-section of the
entire flow and of the flow of the upper layers

could be calculated; by subtraction that of
the lower layer was obtained. In fact the cross-
section of the stream was nearly triangular at
the sampling site (loc. N). The results of these
calculations are given in Tab. 37.

8.5.2. Calculation of the density of drifting ani-
mals and exuvia and their total numbers

In Tab. 38 the density of drifting animals and
exuvia in the upper and lower water layers is
shown. As is seen in the bottom rows, the
differences in animal density were comparative-
ly small between sampling occasions, when
all systematic groups were combined, a
partial exception being series V. The density
of live animals varied between 190 and 493
and that of exuvia between 155 and 367 per
100 m3.

On the basis of these figures total drift per
24-hr period may be estimated (Tab. 39).
The result will be related to the corresponding
benthic populations in § 8.9.

There were obviously large differences be-
tween species in drifting frequency. Some
abundant species took practically no part at
all on the sampling occasions, e.g. Heptagenia
sulphurea and H. dalecarlica, Baetis sub-
alpinus and Potamophylax stellatus. The few
Glossosoma intermedium larvae found in the
drift were usually without their cases as was
found also by Waters (1962 b); a larger pro-
portion of the Apatania larvae were in cases.

8.6. Relationship between total flow and total
drift

Elliott (1967 b) established that drift quantity
rose with flow volume, and this was confirmed

Tab. 37. Flow volumes of the different water layers in Tjuldn
as defined and calculated in § 8.5.1.

Ratio current Ratio

Total flow speed section area Flow (106 m3/24 hr)
Series Date 106 m3/24 hr  bottom: free  bottom: free bottom free
I........ 28-29/5 3.8 5:7 6:19 0.7 3.1
Im........ 15-16/6 4.8 4:5 1:4 0.8 4.0
mr....... 14-15/7 2.2 3:4 29:71 0.5 1.7
IV....... 27-28/7 1.4 3:4 31:69 0.35 1.05
Voeooooo 15-16/8 0.6 5:7 17:33 0.15 0.45
VI....... 11-12/9 1.5 20:27 3:7 0.4 1.1
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Tab. 38. Density of drifting live animals and exuvia in Tjuldn expressed as ind/100 m3. Values
are averages for an entire 24-hr period. In the lowermost rows also scarcer species and higher
taxa are included.

1 11 111 v A% VI
Bottom Free Bottom Free Bottom Free Bottom Free Bottom Free Bottom Free

Live animals

A. inopinatus. ... 43 30 25 18

B. fuscatus. .. ... 24 33 62 62 20 30
B. lapponicus . . . . 8 11

B. pumilus . .. ... 12 5

B. rhodani . ..... 16 8 16 23 11 14 22 17 36 23
Baetis sp........ 28 26 24 61 12 20 38 47 60 40 22 21
E. aurivillii. ... .. 10 2 55 43 34 21
A. borealis. . . ... 11 10 8 5

L. fusca ........ 60 43 40 34

L. hippopus . . ... 11 9

D. nanseni . ..... 6 4 4 2 46 52 63 54 44 26
1. grammatica ... 18 19
Rh. nubila . . . ... 7 5 29 34
A. stigmatella . . . 14 19 15 14 19 21

Apatania sp. .. .. 5 1

Simuliidae . ..... 10 36 7 10 78 64 63 56 28 29
Chironomidae. .. 52 60 53 52 212 239 53 59 137 115 53 50
Exuvia

Ephemeroptera.. 77 86 92 99 131 108 105 102 41 51 53 57
Plecoptera...... 4 5

Trichoptera..... 5 5

Simuliidae . .. ... 24 22 28 32 104 86 10 9
Chironomidae. .. 141 125 241 217 48 56 103 132 178 178 67 81
Total live....... 190 192 166 193 362 383 337 332 493 420 276 250
Total exuvia .... 292 285 367 341 211 183 323 328 235 244 155 157

in the present material (Fig. 34). The correla-

tion was quite close for both live animals and 18-
exuvia, although one value referring to the
former category fell outside the pattern. The 161
regression line was steeper for the exuvia than
for the live animals. The relationship was not 1%

linear under conditions of very low flow.
12
8.7. Size distribution of drifting animals com-

pared with benthic populations Lo
8.7.1. Introductory remarks and methods i 8

.. . - . ] ™
The composition of the drifting fraction has 2
on several occasions been found to differ % oL
from that of the benthic population in terms

[.._

Fig. 34. Total drift per 24 hr of live animals
and exuvia, respectively, plotted against total X /s % U
flow volume per 24 hr. The regression ceases 2, / P ;::via ;':;é;fg

to be linear at low flow volumes. The deviating
value marked by an arrow was included in the I ! I 1 1
equations. 1 2 3 4 5 105m3/24hrs
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Tab. 39. Total numbers of animals drifting

I II
Bottom Free Bottom Free
Live animals
A TROPINAUS . .. oo 301,000 930,000 200,000 720,000
B. fuscatus........ ... . .. i
B. lapponicus.......... ... ... . . . e
Bopumilus . ... .. .
B.rhodani ....... ... ... ... . ... ... ... 112,000 248,000 128,000 920,000
Baetis sp....... ... 196,000 806,000 192,000 2,440,000
E aurivillii. . ...... ... . . 70,000 62,000
A.borealis........ ... . ... 88,000 400,000
Lofusca ..o
L. hippopus . ....... ... 77,000 279,000
D.nanseni................ .. ... .. .. ... ... 42,000 124,000 32,000 80,000
I grammatica .................................
Rh.nubila ........... ... ... ... ... ... ... .. ....
A.stigmatella ............ ... ... ... ... ...
Apatania Sp. ...... .. . . . 40,000 40,000
Simuliidae . .......... ... 70,000 1,116,000 56,000 400,000
Chironomidae. ................coiiiiiin.. 364,000 1,860,000 424,000 2,080,000
Exuvia
Ephemeroptera........ ..., 539,000 2,666,000 736,000 3,960,000
Plecoptera .. ... 32,000 200,000
Trichoptera. ...........couii ... 40,000 200,000
Simuliidae............. ... ..., 192,000 880,000
Chironomidae. . ................coiiiiie.... 987,000 3,875,000 1,928,000 8,680,000
Totallive.........ooviiii i 1,330,000 5,952,000 1,328,000 7,720,000
7,282,000 9,048,000
Totalexuvia ................. ... .. ... .. ..... 2,044,000 8,835,000 2,936,000 13,640,000
10,879,000 16,576,000

of age classes, sex, pathological conditions,
etc. (Miiller 1966, Lehmann 1967).

It is of obvious importance for the inter-
pretation of drift to know whether a whole
population is uniformly affected, or whether
certain parts are particularly involved. As
pointed out above, the drift samples would
include anything down to newly hatched or-
ganisms. A larger proportion of small nymphs/
larvaein the drift than in the benthos cannot be
taken to show that small larvae drift in higher
frequency than the older stages. Conversely si-
milar size distribution in the drift and benthic
samples does not prove that the latter were ac-
curate, although it may suggest that this is so.

A large material of nymphs and larvae were
studied to assess the life cycles of the main
benthic species (Ulfstrand 1968). Additional
measurements were carried out to supplement

those results. The absolute values have little
interest in the present context where we are
mainly interested in tracing possible differ-
ences.

Drift samples were compared with the
benthic samples nearest in time. Since there
were no benthic samples from a time close to
drift series II and IV, these are omitted.
Benthic samples from locs. B and N were
used; drift samples were from the latter site.

8.7.2. Specific comparisons
The relevant information is condensed in Tab.
40. In 14 out of 19 comparisons, there was no
statistically significant difference between the
size distribution in the drift and benthic
samples.

In Ameletus inopinatus and Baetis fuscatus
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past the sampling point in Tjuldn per 24 hr.

89

111
Bottom Free

v
Bottom Free

Bottom Free

Vi
Bottom Free

40,000 187,000
60,000 85,000
55,000 238,000
60,000 340,000

40,000 85,000

70,000 323,000

390,000 1,088,000
1,060,000 4,063,000

655,000 1,836,000

140,000 544,000
240,000 952,000

1,810,000 6,511,000

8,321,000
1,055,000 3,111,000

4,166,000

55,200 346,500

87,400 493,500

138,000 451,500
105,800 546,000

16,100 52,500
34,500 147,000

144,900 588,000
121,900 619,500

241,500 1,071,000

239,500 903,000
236,900 1,386,000

775,100 3,486,000
Rt S —

4,261,100

742,900 3,444,000
R W D

4,186,900

93,000 279,000

33,000 76,500
90,000 180,000
82,500 193,500
60,000 153,000

94,500 243,000

28,500 94,500

42,000 130,500
205,500 517,500

61,500 229,500

15,000 40,500
267,000 801,000

739,500 1,890,000

80,000 330,000

144,000 253,000
88,000 231,000
136,000 231,000

176,000 286,000
72,000 209,000
116,000 374,000

212,000 550,000

212,000 627,000

268,000 891,000

1,104,000 2,750,000

2,629,500 3,854,000
352,500 1,098,000 620,000 1,727,000
1,450,500 2,347,000

the largest nymphs (of 10 and 7 to 8 mm size,
respectively) were over-represented in com-
parison with slightly smaller nymphs.

In Ephemerella aurivillii and Diura nanseni
(two cases) the smallest size classes were
strongly over-represented in the drift, showing
that these had been, as suspected, missed in
the benthic sampling.

It seems extremely unlikely that the differ-
ences found in A. inopinatus and B. fuscatus
were due to defective benthic sampling. In-
stead, it is probable that the largest nymphs
approaching emergence were more frequently
taking part in drift than those having a longer
time left in the benthic environment. In-
creasing drift rates before emergence have
been found in various mayfly species by
Macan (1957 a), Waters (1965) and Miiller
(1966).

The numerous cases of agreement between
drift and benthic samples suggest that the
benthic samples were representative of the
benthic populations except in periods when
very small nymphs/larvae were present in
large numbers.

8.8. Proportion of resident benthic populations
participating in drift

Here the drift density (Tab. 38) is related to
the population density on the bottom of the
species concerned (Tab. 33). For an estimate
of the latter parameter average values from
locs. B and N were used. To transform the
data on drift density per unit volume to drift
density per unit area an estimate of river depth
had to be made. Errors in this estimate can
only marginally influence the result. The
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Tab. 40. Size distribution of the animals obtained] in the drift samples compared with that of the
benthic population in Tjuldn. Asterisks denote conventional probability levels.

Drift Benthos

series n n x2 df P

A. inopinatus N 386 176 14.53 5 <0.01**

B. fuscatus Voo 398 211 18.86 5 <0.01**
VI.......... 312 151 5.15 3 >0.10

B. pumilus Imr ......... 143 101 1.27 4 >0.80

B. rhodani ) 120 70 8.20 5 >0.10
I ......... 81 89 2.85 4 >0.50
Voo 197 57 3.78 3 >0.20
VI......... 80 80 1.97 3 >0.50

E. aurivillii | O 105 93 4.11 2 >0.10
Voo 245 41 51.81 3 <0.001%**
VI......... 213 154 4.80 3 >0.10

A. borealis Inmr ......... 71 61 7.28 3 >0.05

L. fusca Voo 134 59 1.63 3 >0.50

D. nanseni | 212 69 0.62 3 >0.80
Voo 218 118 139.66 4 <0.001 ***
VI.......... 102 139 19.46 4 <0.001***

Rh. nubila VI......... 72 37 7.36 5 >0.10

A. stigmatella Imr ......... 62 43 0.52 4 >0.95
Voo 79 50 0.29 3 >0.95

number of drifting animals was taken as the
average between the free and bottom drift
densities. Cases where unsatisfactory benthic
sampling was disclosed in the preceeding
section are omitted, so that 16 cases remain.

From Tab. 41 it can be seen that the fraction
of the benthic populations taking part in the
drift at any given moment was in the order of
0.05%;. Three values were somewhat different,
viz. for Leuctra fusca, Apatania stigmatella
and Rhyacophila nubila, and one deviated
more strongly, viz. for Baetis rhodani.

The only comparable calculations seem to
be those by Elliott (1965 a, 1967 b). In the
earlier publication based on an investigation
of a Norwegian mountain stream, Elliott
found a percentage of the same order as the
one I have found, but in his later paper deal-
ing with an English stream, it was about 50
times lower. Further studies will show
whether regional differences occur that might
explain this discrepancy (cf. Bailey 1966).

8.9. Total drift and total benthic populations

The significance of drift cannot be judged
from values such as those presented in the

preceeding section, where the time dimension
is ignored. It is more pertinent to compare the
total drift quantity past a given point with the
total benthic populations occurring up-
stream of the sampling site. The total numbers
of animals drifting past loc. N per 24 hr was
shown in Tab. 39.

In order to obtain a rough estimate of the
total populations resident in Tjulan (above
loc. N) the population density figures of Tab.
33 may be used (averages from locs. B and N).
The question then arises: For how large areas
of bottom can these samples be regarded as
representative ?

A large part of Tjulan is distinctly uniform.
Current is fast, and there are virtually no
pools of stagnant water. Variability within
locs. B and N apparently represents a large
part of the variability of the river as a whole.
However, about 8 km upstream from loc. N,
the character of the river changes abruptly,
and above this point there are very few places
where the animals occurring in the drift can
derive from. This is known from some
samples taken within this river stretch in 1962
(loc. C). An exception may be the blackfly
aggregation at the lake outlet (loc. A) from
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Tab. 41. Calculation of the proportion of the benthic populations participating in the drift
movement at any given moment. The result is an average for a whole 24-hr period.

A B A 100
Drift Average water  drift, ind/m2  population B
Series  ind/100 m3 depth m bottom area  density ind/m2 %
A inopinatus 1.... 36.5 0.5 0.18 4351 0.041
B. fuscatus 'V ... 62 0.25 0.16 370 0.043
VI... 25 0.35 0.09 150 0.060
B. pumilus I .. 8.5 0.4 0.03 47 0.064
B. rhodani I.... 12 0.5 0.06 242 0.025
I .. 12.5 0.4 0.05 506 0.010
V... 19.5 0.25 0.05 61 0.082
VI... 29.5 0.35 0.10 29 0.345
E. qurivillii  1.... 6 0.5 0.03 57 0.053
VI... 27.5 0.35 0.10 189 0.053
A. borealis 111 .. 6.5 0.4 0.03 78 0.038
L. fusca V... 37 0.25 0.09 72 0.125
D. nanseni  1.... 5 0.5 0.03 47 0.064
Rh. nubila VI... 31.5 0.35 0.11 64 0.172
A. stigmatella 111 . . 16.5 0.4 0.07 147 0.048
V. 20 0.25 0.05 29 0.172

1 Based on sampling only at loc. N.

which a portion of the drifting larvae obtained
at loc. N might derive. But the first 8 km,
where the overwhelming majority of the
populations involved reside, are fairly uni-
form.

Although, as mentioned in § 6.3, there was

a considerable difference between the con-
ditions in mid-stream (where Didymosphenia
geminata was abundant) and along the shore-
lines at loc. A, this was much less pronounced
further downstream in the stretch with which
we are concerned here. D. geminata occurred

Tab. 42. Total numbers of animals drifting past the sampling point
in relation to total benthic populations in Tjulan.

A B
Width Total Population Total resident Total drift B 100
of river bottom area density population  per 24 hrs. A
Series m m?2 ind/m?2 106 ind 106 ind %
B. fuscatus V... 15 120,000 370 44.4 0.37 0.83
VI... 18 144,000 150 21.6 0.41 1.90
B. pumilus mr.. 20 160,000 47 7.5 0.145 1.93
B. rhodani I.... 25 200,000 242 48.4 0.36 0.74
mnr.. 20 160,000 506 81.0 0.29 0.36
V... 15 120,000 61 7.3 0.11 1.51
E. aurivillii  1.... 25 200,000 57 11.4 0.13 1.14
VI... 18 144,000 189 27.2 0.37 1.36
A. borealis III .. 20 160,000 78 12.5 0.125 1.00
L. fusca V... 15 120,000 72 8.6 0.21 2.44
D. nanseni 1.... 25 200,000 47 9.4 0.17 1.81
Rh. nubila  VI... 18 144,000 64 9.2 0.49 5.33
A. stigmatella 111 .. 20 160,000 147 23.5 0.39 1.66
V... 15 120,000 29 3.5 0.12 3.43
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in scattered tufts in all depth conditions in
this lower part of the river. Therefore it seems
justified to regard the benthic samples as
representative for the whole river breadth,
including the (proportionately small) zone
of water too deep for sampling.

Thus, the samples from locs. B and N will
be accepted as representative of the species
composition and population density in the
whole Tjuldn up to a point 8 km above the
drift sampling point (loc. N).

Of the original 19 cases, three were omitted
carlier because of apparently unpresentative
benthic sampling. Ameletus inopinatus also has
to be omitted from the present discussion as
its distribution was particularly uneven and
could not be determined solely on the basis of
the benthic samples from locs. B and N.
Moreover, the ratio between drifting Baetis
rhodani in series VI and the corresponding
population density indicates that the latter
was not adequately assessed. Thus 14 cases
remain for the present purpose.

Total drift quantities and corresponding
estimates of total upstream benthic popula-
tions and the ratio between these values are
shown in Tab. 42. In eight out of the 14 cases
the proportion of the benthic population
drifting past the sampling point was between
1 and 29,; three were lower than 19, and
three higher than 29%. The concentration of
values to between 1 and 29 indicates this to
be the most typical situation under conditions
prevailing. Since the benthic samples were
under- rather than over-estimates, the per-
centages are on the whole probably on the
high side.

This fraction represents a definite loss to
the populations, as some 100 m downstream
from loc. N the river enters the delta in the
lake Gautstriask and an almost total mortality
of the drifting animals must be expected in
that unsuitable environment (Dendy 1944).

8.10. Population decrease at varying emigra-
tion rates

In Fig. 35 the effect on a population of a
daily emigration amounting to 0.5, 1, 2 and
49 is examined. At an emigration rate of 1%,

100
%

80 X % 0.5 %

60} X\ X X X~
T \\ §\
20 x 4%

!
50 100 days

Fig. 35. The process of population decrease at
varying daily loss rates.

per day, about 2/5 of the population still remain
after 50 days, and at 2% almost half the
population. This covers most or the whole of
the nymphal period in many benthic species,
e.g. Baetis spp., let alone the much shorter
periods of intense growth and drift. For
species which spend long periods as relatively
large nymphs/larvae, such as Ephemerella
aurivillii, Diura nanseni and Rhyacophila nu-
bila, it has to be assumed that any one popula-
tion does not participate in drift to any extent
for more than part of its total life cycle; this
is borne out by the scarcity of these species in
several of the sampling series (Tab. 39).
There are factors operating to compensate
for the losses. A certain upstream movement
may be of importance for nymphal/larval
populations of more agile species; in many
animals without a winged stage considerable
upstream movements have been found (Stein-
mann 1913, Lehmann 1967). It may be
doubted, however, if such movements have a
particularly great significance under the
special environmental conditions in a large
torrential stream. Further, the estimates of
emigration percentage were probably some-
what too high. But it is evident that popula-
tions undergoing reduction of this magnitude
will have to adopt some effective means of
upstream movements in some life stage, as
found in many stream-dwelling insects (cf.

§ 11).
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9. Colonization of implanted trays

9.1. Introduction

Many standing crop changes were found to be
due to population movements (§ 7.3). In § 8 the
motility of many benthic populations was
further discussed. A small part of the drifting
animals are transported out from the river
and perish in the downstream lake, others are
destroyed in violent collisions with the bot-
tom, or are eaten by fishes etc. But most indi-
viduals evidently return safely to the bottom
(cf. § 11). Several questions arise in this con-
text: To what extent are the animals capable
of choosing their new place of residence, and
what factors influence their choice? How fast
does colonization of an implanted substrate
proceed? In other words: How soon do
immigration into and emigration out of such
a new place come into balance? It was
further desirable to check previous find-
ings on micro-habitat preference in cer-
tain species (Ulfstrand 1967). Hence a
number of field experiments were conducted
to analyze these problems.

9.2. Methods

The technique of implanting artificial bottoms
in a river or a lake (§ 5.3) was first employed
by Moon (1940) and Wene and Wickliff (1940).
In the present study wooden trays of dimen-
sions 96 X 58 cm and with rims 8 ¢cm high
were covered on their inner sides with a cloth
having ca 20 meshes/cm. The cloth swelled
slightly in water, so that after a couple of
hours’ submersion water poured through it
only slowly. Even tiny mayfly and stonefly
nymphs were unable to get through. The
wooden bottom had several holes to facilitate
draining when the tray was lifted out off the
water. The substrate (see below) and the cloth
were carefully searched for macroscopic ani-
mals, after the trays had been drained and
carried to the shore. Other animals than may-
flies, stoneflies and caddisflies were ignored in
these studies.

When not otherwise stated, the substrate
placed in the trays consisted of stones from
the surrounding river bottom that had been
rinsed from macroscopic animals. Tufts of
vegetation were removed, if present. The
standard area of the stones was measured as
described in § 5.2. Their total standard area
was permitted to vary between 2,200 and
2,900 cm2 per tray. It was examined whether
differences of standard area within this range
had any effect on the number of animals
settling in the trays. The correlation coefficient
was, however, —0.04 for mayflies and +0.16
for stoneflies which was far from significant
(P > 0.8 and P > 0.2, respectively). There-
fore, the standard area of the substrate was
considered to be a constant.

The trays were placed on stones on the
bottom. Because of their high rims, animals
could enter the trays only by swimming and
drifting. The trays were tilted slightly towards
the current to improve the stability.

All figures indicate number of individuals
per tray.

9.3. Circadian rhythm

As colonization was assumed to be connected
with drift and as this phenomenon shows a
circadian rhythm, it was an expected result
that colonization was also rhythmical (Tab.
43).

Eight or six trays were exposed on the river
bed, their animal colonizers being collected
each morning and evening. The differences
between diurnal and nocturnal (§ 8.3) coloniza-
tion were tested by %2 analysis.

The first series did not reveal any rhythm,
but in the two later series rhythm was pro-
nounced. Two species, viz. Baetis pumilus and
Capnia sp., however rather scarce, had no
rhythm in any series. The general absence of
rhythm in the first series is explained by the
fact that the former species made up a con-
siderable proportion of the colonization on
that occasion.
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Tab. 43. The colonization of experimental trays placed on the bottom of Tjuldn, divided on the
night (approx. between 18 and 07 hr) and the day (between 07 and 18 hr).
n = night, d = day.

Locality N B N
Period 29-31/7 1965 14-17/8 1965 20-22/8 1964
Exposure........... n d n d n d n d n d n d n d
Number of trays..... 8 8 8 8 8 8 8 8 8 8 6 6 6 6
A. inopinatus . . ...... - - - - - - - - - - 1 - - 1
B. fuscatus.......... 3 6 6 5 117 60 158 88 132 68 117 61 151 65
B. lapponicus . ....... - - =3 2 2 3 - 1 - - - - -
B. pumilus .......... 10 15 17 14 3 - 6 3 2 3 3 27 18 10
B.rhodani .......... 2 1 5 4 5 4 9 6 9 4 18 2 58 9
B. subalpinus . ....... - - - - - 1 3 3 2 - - - - 3
Baetis sp............ -1 - 2 3 1 8 1 11 - 70 30 64 60
Ecd. joernensis. . .. ... - - - - - - - - - - - 1 -
H. dalecarlica .. ..... - - - - 1 - - - - - 1 2 1
E. aurivillii. . ........ 1 - - - 4 3 9 i 13 1 58 33 55 47
Total Ephemeroptera. 16 23 28 28 135 71 196 102 170 76 267 154 349 196
¥2 = 0.52 P~0.50 x2 =847 P <0.001 ¢2=73.2 P < 0.001
T. nebulosa ......... - - - - - - - 1 - 1 3 1 1 -
A. standfussi . ....... - 1 - 1 - - - - - - 2 1 - - -
L.fusca ............ 7 4 17 3 6 1 6 - 2 1 6 4 16 7
Capnia sp........... - - - = - - - - 1 - 2 5 3011
D. nanseni .......... -1 2 2 6 4 13 1 13 1 60 30 49 29
Total Plecoptera. . ... 7 6 19 6 12 5 19 2 16 3 73 41 69 48
x2 = 2.58 P~0.10 x2 =232 P <0001 y2=12.7 P < 0.001
Rh. nubila .......... T - - - - - - - - - 5 - 1 6
P. flavomaculatus .... - - -~ - - - - - - - 3 - 3 4
A. stigmatella . ... ... 2 8 - 2 - - - - - - - - 3 1
Total Trichoptera.... 3 8 0 2 0 0 0 0 0 0 8 0o 17 1
Grand total......... 26 37 47 36 147 76 215 104 186 79 348 195 435 255

9.4. Rate of colonization and flow volume

As was seen in § 8.6, total drift was propor-
tional to total flow. Here the daily rate of
colonization is related to fluctuations in flow.

For this purpose eight trays were placed in
a rapidly flowing part of the river, and their
animal colonizers collected each morning for
18 consecutive days. Both depth and current
increased at rising flow, and vice versa.

A close correlation was found between flow
volume and colonization rate of mayflies and
stoneflies: for mayflies, r = +0.32, f = 16,
t = 8.76, P < 0.001; for stoneflies, r = +0.74,
f=16,¢t=23.22, P <0.001 (Tab. 44, Fig. 36).

From Fig. 36 it is seen that colonization
was largest shortly after peak flow, when the
water was beginning to recede. This indicates

that the strength of the current was not the
sole factor initiating the drift. Rather it may
be suggested that increased activity as a
consequence of receding water level gives rise
to drifting in certain species.

9.5, Field experiments on colonization under
different environmental conditions

9.5.1. Current

Three series of experiments were carried out
to examine the influence of current on the
specific composition of the colonization. In
such cases, trays have to be exposed for so
long that the animals have the opportunity
to react to prevailing conditions. Animals
evidently may happen to settle in unsuitable
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Tab. 44. The daily colonization of eight experimental trays placed on the bottom of Tjuldn, August
to September, 1964. The trays were removed each morning, the animals collected and the trays
replaced in the river.

August September

Date 1718 1920 21 22 23 24 25 26 27 28 29 30 31 1 2 3

B. fuscatus........... 33432037359 69 78 71 99 28 50 121 90 20 29 46 77 72
B. lapponicus . .. ...... 6 - 410 4 - 1 18 17 7 14 18 10 1 - 1 13 12
B. pumilus . .......... 3523 -1 11327 52919 5 - 4 1 9 17
B.rhodani ........... 9 61212 6 8 13 29 48 11 46 54 47 33 29 66 89 119
B. subalpinus ... ...... fi - -2 - - - - 2 - 1 - 4 4 5 5 8 3
Baetissp............. 7 91211 4 8 10 10 13 17 18 26 21 31 19 42 79 102
E. aurivillii. . ......... 4 911 5 4 9 10 6 7 11 13 13 6 2 9 11 14 12
Other Ephemeroptera. 3 - 3 5 - 1 - - _- 4 - - 3 2 1 - 1 4
Total ............... 66 72 64 85 77 96 113 147 213 83 171 251 186 93 95 172 290 341
T. nebulosa .......... - - =-=- - -1 - - 6 3 2 - 912 3 3 4
L. fusca ............. 510 9 3 4 7 5 16 10 - 18 28t 8 5 7 9 18 16
Capnia sp............ - - - =513 19 14 7 2 18 10 4 29 28 20 14 10
D. nanseni........... 13224 6 - 11 17 5 17 25 10 12 9 39 57 51
Other Plecoptera ... .. 1l - -2 - - - - 2 - - - 1 - - - - .
Total ............... 71311 713 26 25 41 36 13 56 58 23 55 56 71 92 81
Trichoptera.......... 412 7 5 4 10 8 3 8 13 7 7 6 13 5 3 4 7
Grand total.......... 77 97 82 97 94 132 146 191 257 109 234 316 215 161 156 246 386 429

microbiotopes and will probably depart at an
early opportunity. After some days, therefore,
the proportion of accidental settlers in a tray
will probably decrease.

Since the number of animals passing over a
given bottom area is proportional to flow
volume (and this is proportional to the current
speed, if depth is constant), many more ani-
mals have an opportunity to settle in a tray
exposed to fast current than in one over
which the water flows more slowly, regardless
of their preferences.

As a null hypothesis it was therefore as-
sumed that the ratio between the numbers of
animals in different sets of trays would be
the same as the ratio between current speeds
over the respective trays. If a species prefers
fast current, it would be found in larger
numbers than expected in trays with a fast
current and in lower numbers in trays with
a slow current. The significance of such devia-
tions was examined by means of %2 tests.

In these experiments eight trays were placed
in each of two or three current classes. The

Flow m¥/sec

NSO @O
o
T

o
T

Plecoptera
o
T

350 -

~N oW
D O
t=Jr=1

T

200
150

Ephemeroptera

o 3
S S

1617 18 19 20 21 2223 2425262728293031 1 2 3

Aug Sep

Fig. 36. Daily colonization of eight experimental
trays placed on the river bottom in relation to
flow volume in m3/sec.

trays were invariably placed at a depth of
ca 25 cm, and the current speed was measured
over each tray at a depth of ca 10 cm. Ve-
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Tab. 45. The colonization of experimental trays exposed to different current conditions in Tjulan.
Asterisks denote conventional probability levels.

Period 14-20/7 1965 15-21/8 1965 13-20/8 1965
Current cm/sec... 120 42 108 51 12 102 48 10

Rel. current speed 2.85:1 %2 9:4.25:1 %2 10.2:4.8:1 %2

B. fuscatus. . .... 280 7 0.59 156 70 11 2.37 238 66 T 23.50%**
B. lapponicus.... 36 19 2.40 - - - - - =

B. pumilus . ..... 29 19  5.44* - - = - - =

B. rhodani . .. ... 84 12 9.14** 99 32 6 5.24 106 53 20 7.94*
B. subalpinus . ... - - 28 45 36 100.72%** 68 59 41 97.65%**
Baetis sp........ 49 28 4.32* 47 37 42 134.64*** 21 33 25 100.20*%**
H. dalecarlica ... 15 12 4.82* - - - 12 10 5 3.97

E. aurivillii. .. ... 59 22 0.07 69 33 12 1.49 88 52 16 5.35

A. borealis. .. ... 48 16 0.08 - - - - - -

L. fusca ........ 47 29 5.50* 48 58 20 36.77*** 46 35 22 49.25%*x
D. nanseni. . .... 66 8 B8.57** 79 45 5 3.12 75 20 4 6.29*

I. grammatica ... -~ - 7 17 10 28.08%** - - -

Rh. nubila ... ... 37 9 101 41 12 2 2.83 38 8 8 1.08

A. stigmatella ... 22 17  6.59%(*) 16 16 7 T.51%* 62 34 24  3503***

locities are given as averages for measure-
ments over all eight trays.

It is seen from Tab. 45 that certain species
were randomly distributed over the two sets
of trays. But many species deviated signific-
antly from the assumption. In the first series,
Baetis rhodani and Diura nanseni were more
numerous in the fast current, whereas the
reverse was true for Baetis pumilus, Baetis sp.,
Leuctra fusca, Apatania stigmatella and Hepta-
genia dalecarlica. In the second series, no
species was over-represented in the swift
current, while Baetis subalpinus, Baetis sp.,
Leuctra fusca, Isoperla grammatica and Apa-
tania stigmatella were significantly over-re-
presented in the slower current. In the third
series, Baetis fuscatus, B. rhodani and Diura
nanseni were over-represented in the fast
current, while the reverse applied to Baetis
subalpinus, Baetis sp., Leuctra fusca and Apa-
tania stigmatella.

The agreement between the three series is
close. No species reversed its preference,
although some varied between random dis-
tribution and preference in one direction.
Usually, there is also close agreement between
these results and those found for the same
species by a different method (Ulfstrand 1967).

Probably a great proportion of the un-

identified Baetis sp. nymphs belonged to B.
rhodani. This species evidently changes its
preference during its development (cf. Ulf-
strand op. cit.).

It is obvious from these results that current
has a distinct influence on the microhabitat
selection of several species. This is, however,
not so say that the effect was a direct one.
It may well be exerted via sedimentation
conditions.

9.5.2. Water depth

In four series 8 trays were placed at different
water depths under similar current conditions.
Flow volume was approximately proportional
to water depth in these cases, as had to be
taken account of when formulating the null
hypothesis. Thus, it was assumed that the
number of animals in the different sets of
trays would be proportional to water depth,
and the significance of deviations from this
assumption was examined by x2 tests. But in
no case was there any significant deviation
from expected distribution (Tab. 46). There-
fore x2 values were omitted from the table.

Thus within the range covered by these
experiments, water depth had no decisive in-
fluence on the habitat selection of the species
involved.
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Tab. 46. The colonization of experimental trays exposed to different water depths in Tjulan.
The numbers of animals were expected to be proportional to the flow volume, in this case = the depth.
No significant deviation from such a distribution was found.

Locality N B B B
Period (1965) 18-22/7 28/7-2/8 4-10/8 6-12/8
Depth cm 30 10 40 15 40 10 30 20
Relative depth 3:1 2.67:1 4:1 1.5:1
Average current cm/sec 88 70 69 83
B. fuscatus..................... 46 18 213 72 198 38 164 112
B. lapponicus................... 18 8 12 7 - - - -
B.pumilus ..................... 14 10 36 16 - - - -
B.rhodani ..................... 28 9 58 14 88 26 106 73
B. subalpinus .. ................. - -~ 14 7 20 7 22 16
Baetis sp..........ooii i 98 36 196 69 94 19 86 69
H. dalecarlica .................. 24 10 28 9 17 4 30 25
E aurivillii..................... 77 20 100 34 133 40 111 72
L.ofusca ....................... 66 21 112 50 100 28 75 46
D.nanseni..................... 24 7 68 19 58 18 39 25
Rh.nubila ..................... - - 10 6 15 5 6 6
A. stigmatella . ................. 37 16 50 28 33 13 33 23

9.5.3. Stone size
Two series were conducted using stones of
different dimensions. The number of stones
was very different in the different trays, from
three to four in those with the biggest stones to
ca 650 in those with the smallest stones. It is
evident that the total stone surface area was
much larger in the trays with the smaller
stones. The number of animals immigrating
into the different trays may be assumed to be
equal, since each tray covered the same bot-
tom area; and this assumption was used as a
null hypothesis, deviations from which were
examined by x2 analysis. All trays were placed
under similar current and depth conditions.

The results show that the different size of
the stones in the trays had an influence on
the composition of the colonization (Tab. 47).
In most cases species were over-represented
in the trays with larger stones; exceptions
being Diura nanseni and Ephemerella aurivillii
which showed no discrimination, Baetis sub-
alpinus which was indifferent in one of the
series, and Baetis sp. which preferred the
smaller stones.

If the separate %2 values are examined, it is
found that small differences usually prevailed
between the two coarsest substrate fractions

7 OIKOS Suppl 10 (1968)

and between the two smallest ones. The most
important division seems to be between the
two intermediate fractions. However Baetis
sp. distinctly preferred the smallest fraction
in comparison with the next smallest.

These results ought to be interpreted with
some caution, because the current conditions
in the trays were probably to some extent
modified by the substrate; these two factors
generally are difficult to separate (cf. Ulfstrand
1967 and § 4.2).

9.5.4. Periphyton supply

As was mentioned previously (Ulfstrand op.
cit.) and will be further discussed in § 10,
food seems to exert a strong influence on
microhabitat selection (microdistribution) in
many species. This was illustrated by the
following experiment.

From a nearby quarry, stones of all sizes
could be obtained. These had recently been
blasted from the solid rock and had not yet
attracted any noticeable periphytic growth.
Such stones of the same general size as those
usually used in these experiments were com-
pared with stones from the river bottom
covered by dense periphyton. Eight trays with
stones of each kind were used.
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Tab. 47. The colonization of experimental trays containing substrate of different dimension.
Average length cm 2.5 6 18 36

Number of stones ca 650 ca 100 10 3 x2

Number of trays 4 4 4 4

Loc. N 18-23/8 1965

B. fuscatus.............. 19 23 88 76 20.94+16.17+24.92+11.08 = 73.11***
B.rhodani .............. 5 9 36 40 14.09+ 8.52+4 7.354-12.57 = 42,53 ***
B. subalpinus . ........... 10 16 17 13 1.144 0.294 0.644+ 0.07 = 2.14
Baetis sp.........o.ou. 39 26 12 12 13.144 0.734 4.554- 4.55 = 22.97***
H. dalecarlica ........... - 6 10 9 3.00+ 2.67+ 1.50 = 7.17*
E.aurivillii. . ............ 28 24 17 21 1.094 0.04+ 1.57+ 0.17 = 2.87
L.fusca ................ - 5 31 21 18.894-20.644 3.50 = 43.03%**
D.nanseni.............. 8 14 19 13 257+ 0 + 1.79+ 0.07 = 4.43
Rh.nubila .............. 1 2 10 16 8.64+ 1.29411.57 = 21.50%**
A. stigmatella ........... - 3 13 13 8.64+ 5.144 5.14 = 18.92%**
Loc. B 17-23/8 1965

B. fuscatus.............. 12 44 92 80 35.53+ 2.964-21.49+4 9.28 = 69.26***
B.rhodani .............. 6 12 38 32 11.64+ 4.55+11.64+ 4.55 = 32.38%**
B. subalpinus . ........... 4 14 19 21 8.074 0.074 1.074 2.40 = 11.61**
Baetissp........oo.iunn. 29 21 13 7 6.72+ 0.504 1.39+ 6.72 = 15.33**
H. dalecarlica ........... - - 8 8

E. aurivillii. ............. 26 36 33 30 0.814 0.81+ 0.134 0.03 = 1.78
L.fusea ................ 2 - 19 23 18.184 5.824-13.09 = 37.09%**
D.nanseni.............. 10 12 12 19 0.69+ 0.08+ 0.08+ 2.77 = 3.62
Rh.nubila .............. - 1 11 15 12.074 2.294 9.14 = 23.50%**
A. stigmatella ........... - 2 11 17 12.254 4.50+10.13 = 26.88*%*

As seen in Tab. 48, Baetis fuscatus and B.
rhodani showed a clear preference for the
bottom stones, as was the case also in Apa-
tania stigmatella. Questionable preference for
the river bottom stones was shown in a few
more cases, whereas many species were neutral.

Probably the periphyton was important as
food for the species showing preference for
the bottom stones; the other species probably,
under conditions prevailing, were feeding on
other matter. Using a similar technique
Egglishaw (1964) showed the preference for

Tab. 48. The colonization of trays containing stones from a quarry, i.e. without periphytic
vegetation, and stones from the river bottom.

B
24-28/8 1964

N
12-17/8 1965

Locality Stones from Stones from

Period Quarry River %2 Quarry River %2
B. fuscatus........... .. ... 46 121 33.68*** 23 53 11.84%**
B.rhodani .................. 18 61 23.40%** 9 22 5.46*
B. subalpinus................ 10 17 1.82 11 20 2.62
Baetis Sp......oiiiiiiiiiin 36 46 1.25 47 37 1.20
H. dalecarlica ............... 8 18 3.84 5 11 2.26
E.aurivillii. ................. 22 38 4.26* 20 32 2.76
L.ofusca .....ccocoiiinin.. 19 34 4.24* 13 20 1.48
D.nanseni.................. 17 19 0.12 12 13 0.04
Rh.nubila .................. 6 7 0.08 6 4 0.40
A. stigmatella . .............. 9 21 4.80* 15 33 6.76**
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Tab. 49. The colonization process in Tjuldn.

Number of animals per tray

Ple-
Baetis Baetis Baetis Baetis Epheme- Ephem- cop-
fus- lappo- pumi- rho- Baetis rella eroptera Leuctra Diura tera
Period Days Trays catus nicus lus dani sp. aurivillii Total  fusca nanseni Total
Loc. N 1964 Series |
11-12/8 .. 1 6 41 1 1 5 12 1 61 1 2 3
11-13/8 .. 2 6 67 1 - 7 17 4 96 1 5 6
11-15/8 .. 4 6 91 3 1 10 30 6 141 1 11 12
10-15/8 .. 5 6 122 - 4 6 25 13 170 2 20 22
7-15/8 .. 8 5 128 1 4 4 30 18 185 2 17 19
28/7-10/8. 13 6 154 1 7 4 15 10 191 10 24 34
28/7-15/8. 18 5 128 - 7 5 22 18 180 6 29 35
Loc. N 1965 Series 11
16-17/7 .. 1 6 - - 2 7 - 1 10 - - 0
15-17)7 .. 2 6 - - 5 9 - 1 15 - - 0
16-20/7 .. 4 5 - 2 9 12 1 5 29 1 1 2
16-22/7 .. 6 5 - 2 7 19 1 3 32 1 1 2
16-25/7 .. 9 6 1 9 6 21 4 5 46 7 3 10
15-28/7 .. 13 4 4 5 14 23 3 1 50 13 8 21
17/7-1/8.. 15 6 10 9 14 29 2 - 64 10 7 17
17/7-4/8.. 18 6 24 6 10 30 4 1 75 13 9 22
15/7-4/8.. 20 5 22 8 12 30 4 3 79 13 12 25
Loc. B 1965 Series 111
20-21/7 .. 1 6 8 2 2 4 7 4 27 1 4 5
20-23/7 .. 3 6 19 4 3 12 16 9 63 5 13 18
20-26/7 .. 6 6 25 7 4 18 24 10 88 10 18 28
18-26/7 .. 8 6 28 9 5 20 34 9 105 12 24 36
18-29/7 .. 11 5 30 7 5 23 30 7 102 12 22 34
18-31/7 .. 13 6 25 11 5 21 37 7 106 11 17 28
18/7-2/8.. 15 5 28 13 2 18 32 12 105 13 13 26
Loc. L 1964 Series 1V
4-6/9 .... 2 5 4 - - 10 11 5 30 1 7 8
4-8/9.... 4 5 5 - - 19 13 11 48 4 13 17
1-8/9 .... 7 5 7 - - 24 13 18 62 3 19 22
1-10/9 ... 9 5 6 - - 33 21 22 82 3 21 24
1-11/9 ... 10 4 2 - 1 30 17 26 76 7 20 27
30/8-11/9. 12 4 4 - - 27 27 22 80 4 17 21
27/8-11/9. 15 5 2 - - 25 24 20 71 2 25 27

detritus-rich substrate in certain benthic

species.

9.6. The colonization process

9.6.1. Introduction

Long-term colonization experiments were dif-
ficult to conduct because of the violently
fluctuating flow. Four series — many more
were attempted ~ could be satisfactorily con-
cluded.

T*

Even when flow changes did not ruin the
experiments, various environmental factors
changed in the course of the experiments
which lasted for 2 to 3 weeks. Equally im-
portant, the drifting intensity of certain po-
pulations may change during an experimental
series. Thus, during series II, Leuctra fusca
and Baetis fuscatus suddenly occurred in
larger numbers than before.

It may be assumed that drifting animals
come into contact with the experimental trays
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Fig. 37. The colonization process. Number of
individuals per experimental tray plotted against
period of exposure on the stream bottom.

in a random manner. Some settle, others
continue immediately or after a period of
time. Differences in environmental conditions
influence the resulting composition of the
colonization; some factors were discussed in
§ 9.5. Since the numbers of individuals in the

S. Ulfstrand

trays stabilized after a certain time, coloniza-
tion evidently is the result of two processes,
viz. immigration into and emigration out of
the trays, the latter process being influenced
by the environmental factors prevailing in
the trays.

9.6.2. Results of four colonization series

In Tab. 49 and Fig. 37, the colonization pro-
cess in the four completed series is shown.
Only the abundant species were taken into
account. As is seen from the graphs, numbers
rose at first but after a period of about 8 days,
little further change occurred. The pattern is
very clear in series I, IIT and IV and is dis-
cernible also in series II, if the sudden change
in the occurrence of Baetis fuscatus and Leuctra
fusca in the middle of the period is allowed
for.

9.6.3. Discussion

The colonization pattern described in the pre-
vious section (Fig. 37, Tab. 49) may be inter-
preted as A) a density independent or B) a
density dependent process.

A) A constant rate of immigration into and a
constant percentual rate of emigration out of
the trays per time unit. — It is evident that the
immigration into the trays occurs in a random
fashion. The consequences of constant daily
percentual emigration for the colonization
process were hypothetically examined by draw-
ing curves for §, 10, 25 and 50%; daily emigra-
tion (Fig. 38). A comparison between these
hypothetical curves and the empirical ones in
Fig. 37 demonstrates that the best fit is with
the 259 curve. A similar figure is obtained
from the following consideration: After the
balance has been reached, immigration and
emigration are obviously compensating each
other. But immigration may be assumed to
occur in a constant rate. From Fig. 37 it may
be seen that the first day’s colonization
amounted to approx. } to 4 of the final density
level. The first day’s colonization may be as-
sumed to reflect the daily colonization also
in the following days, and it then follows that
the emigration has to be of the same magni-
tude, viz. 4 to 1 of the total colonization
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present. This model presupposes that, of the
animals immigrating into the trays in the first
day of first few days, a great proportion stay
for some time. If the rate of emigration in
the first few days is high, the process would
not lead to the empirically found results.

B) A constant rate of immigration into and a
density dependent rate of emigration out of the
trays per time unit. — The observed coloniza-
tion process will also occur, if the percentual
rate of emigration per day rises with increased
colonization density. In this case, it is not
possible to estimate the percentages, because
the percentual emigration in the first few days
may be anything from relatively low (viz. if a
large proportion of the immigrating individ-
uals remain for some time) to very high (viz.
if the majority of the immigrating individuals
emigrate after a very short time).

It is important to realize that the coloni-
zation process observed may be the result of
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density independent movements. On the data
available, however, it is not possible to decide
which of the two models is closest to the real
conditions; they are not mutually exclusive.
This question will be further discussed in § 11.

9.7. Colonization and natural bottom
community

Three series of experiments were carried out
to examine to what extent the composition of
the colonizers differed from the natural com-
munity on the surrounding river bed. The
comparison could not be quantitative, since
it was impossible strictly to compare the
standard area represented by the benthic
sample with the area of the tray bottom and
the substrate placed in the tray. Differences
will therefore be shown in terms of percentual
species composition.

The result is shown in Tab. 50 from which
all scarce species have been omitted. In series
1, agreement between the natural community
and the colonization was comparatively close,
except for Ephemerella aurivillii. In the other
two series, there were large differences. In
both cases, Baetis fuscatus was more abundant
in the natural community than in the trays,
while the opposite was true for B. lapponicus.
The relative frequencies of Leuctra fusca and
Diura nanseni were reversed in the two sam-
ples.

The trays were exposed for six days, that is,
for such a period that the colonization had
reached, or was near, the stable phase (cf.
§ 9.6).

The considerable differences between the
colonization and the natural bottom com-
munity indicate that the trays represented a
rather unusual configuration of factors, al-
though each separate factor was within the
range of naturally occurring variability. The
results support the view that experimental
trays implanted on the river bottom provide
only an approximate picture of the qualitative
and quantitative composition of the natural
benthic community. This of course does not
detract from the usefulness of the technique
in the study of population movements, habitat
preferences, etc.
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Tab. 50. Comparison between the natural bottom community in Tjuldn and the composition of the
colonization in four trays (series I, II, and IIT) exposed on the river bottom.

Loc. N
Ser. 1 Benthos
Ind. %  Ind. % Ind.

Ser. 11

Loc. N Loc. B
Benthos Ser. 111 Benthos

o Ind. % Ind. % Ind. %

B. fuscatus .. 128 71 242 63 22 28 200 63 28 27 233 57
B. lapponicus - - 4 1 8 10 5 2 13 12 3 1
B. pumilus .. 17 4 30 8 12 15 5 2 2 2 17 4
B. rhodani .. 5 3 37 10 30 38 48 15 18 17 61 15
Baetis sp.... 22 12 66 17 4 5 33 10 32 30 79 19
E. qurivillii.. 18 10 8 2 3 4 24 8 12 11 16 4
180 387 79 315 105 409
L. fusca .... 6 17 29 14 13 52 20 12 13 50 44 26
D. nanseni .. 29 83 173 86 12 48 153 88 13 50 128 74
35 202 25 173 26 172

9.8. Decolonization as a response to changed
environmental conditions

In northern Scandinavian rivers, flow fluctua-
tions are very common and violent, even from
day to day (cf. Figs. 8 and 36), exposing the
benthic populations to obvious dangers. One
is the possibility of being swept away by a
spate. Under such circumstances, a great
many animals will probably be transported
out of their suitable environments and perish.
An equally great danger is that of being stran-
ded by the receding water. Any reaction re-
ducing this risk would confer a selective ad-
vantage on its possessor.

Four experimental series were carried out
to simulate the conditions in rapidly receding
water. Eighteen trays in each series were
placed on the river floor as described above
and exposed to colonization under favourable
conditions for seven days. After this time six
of the trays were dragged slowly and carefully
over the bottom into shallower and slower-
flowing water, 5 to 10 m from the original
position. Another group of six trays were
dragged about the same distance but were re-
placed in the same conditions as they had
been previously exposed to. The last six trays
were brought ashore and their colonizers col-
lected. After another two days, the twelve
trays still on the bottom were removed and
their contents collected.

The inhabitants of the six trays transferred
to still water were exposed to a change that
was thought to simulate the one experienced
by benthic animals in a period of rapidly
sinking water level. In these trays little im-
migration could occur, because very little
water flowed over them; at the same time
animals would have to swim actively out of
them and could not be passively swept away.
There was at least 6 cm of water above the
rims of the trays, so that the animals were
able to escape.

The colonization of the trays removed after
six days was approximately similar to that
found in those exposed for another two days
after disturbance, and it was concluded that
the disturbance did not lead to an appreciable
evacuation of the trays. Therefore, the losses
due to this reason from the trays transferred
into still water were presumably also small.

Reduced current speed seems to be a very
probable proximate stimulus for the animals
to react to falling water level. If this is so, it
is to be expected that the trays transferred to
calm water would be abandoned by most of
their inhabitants fairly quickly.

The results of these experiments are shown
in Tab. 51. No statistical tests were attempted
since it appears impossible to define expected
values. Between the first two columns in each
series, the differences are slight indicating
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Tab. 51. Decolonization experiments in Tjulan. A
tray after 7 days in fast current, change of sites and another 2 days in fast current, C = after 7 days
in fast current, change of sites and 2 days in almost still water.
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ind/tray after 7 days in fast current, B = ind/

Loc. N Loc. N Loc. N Loc. B

Series 1 Series 11 Series 111 Series IV

June-July 1964 July 1964 Aug. 1965 Aug. 1965
A B C A B C A B C A B (@
A. inopinatus . . . ... 28 26 5 17 16 2 - 2 - - - -
B. fuscatus........ - - - - - - 29 34 11 55 59 10
B. lapponicus . . . ... - - - 12 12 9 9 13 8 1 - 1
B. pumilus ........ 6 9 10 13 11 8 10 11 9 - 3 3
B.rhodani ........ 88 77 22 56 65 17 12 14 3 17 19 4
B. subalpinus . . . ... - - - - - - 8 11 6 16 9 4
Baetissp.......... 16 12 10 10 14 14 24 30 20 42 44 28
H. dalecarlica .. ... 9 7 5 7 11 6 4 6 6 10 8 5
E. aqurivillii. . .. .... 17 9 12 16 16 6 4 2 1 9 13 7
A. borealis. . ...... 29 33 11 11 5 5 - 1 1 - - -
L. fusca .......... - - - 9 13 6 26 21 9 29 22 7
D. nanseni . ....... 18 14 2 8 6 1 3 5 1 9 10 1
1. grammatica .. ... 13 17 9 14 14 9 2 4 2 - - -
Rh. nubila . ....... 6 9 3 10 9 1 8 11 2 9 13 2
A. stigmatella . . ... - - - 5 7 7 17 13 5 20 26 9

that the disturbance itself had little effect
upon the colonization. The figures in the
third column denoting the number of in-
dividuals present after two days in still water,
are frequently much lower; in no case is there
any significant increase. Evidently some spe-
cies evacuated the trays much more quickly
than others. Examples in series I were Ameletus
inopinatus, Amphinemura borealis and Diura
nanseni, in series II, A. inopinatus, Baetis
rhodani and Rhyacophila nubila, in series III,
B. rhodani, B. fuscatus, Leuctra fusca, Apa-
tania stigmatella and Rh. nubila, and in series
1V, B. fuscatus, L. fusca, D. nanseni, A. stigma-
tella and Rh. nubila. Certain species remained
in the trays despite the changed conditions,
viz. Baetis lapponicus, B. pumilus, Baetis sp.
and Heptagenia dalecarlica. For some species
the different experiments provided contra-
dictory results, e.g. in Ephemerella aurivillii
which largely abandoned the trays in series

II but otherwise remained. This may indicate
different reaction patterns in different life
stages.

It seems natural that many species would
evacuate the trays after these had been trans-
ferred to still water. Probably the other spe-
cies did not receive sufficiently strong stimuli
for emigration: they were still at a considerable
water depth and in rather a favourable en-
vironment.

Sessile stages, such as blackfly pupae, are
particularly vulnerable to changes of water
level. Vast quantities of in situ desiccated
blackfly pupae have sometimes been found at
various places in Lapland, although not ac-
tually in the Ammarnis area. Sprules (1947)
found that mayfly nymphs reacted more
quickly on flow fluctuations than caddisfly
and blackfly larvae and that the latter were
frequently exposed to desiccation at times of
rapid recession of the water level.
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10. Some interactions between microdistribution,
food habits and life cycles

When reviewing the life conditions of the
most important members of the benthic com-
munity of Lapland streams, the differences
between species are seen to be very large.
This fact is surprisingly often neglected in the
literature where all too many generalizations
about “the stream fauna” are to be found.
The differences concern every aspect of the
species’ bionomics.

At the same time it is striking how different
environmental conditions tend to occur in
more or less fixed combinations (cf. Ulfstrand
1967). Substrate, in its wide sense, and current
generally vary in a parallel fashion. Our
understanding of the ecological functioning
of the benthic community will benefit from a
full recognition of the different reactions of
species to factor combinations. Against this
background the need for a new experimental
approach becomes apparent. Only a few as-
pects of this involved subject can be considered
here.

The microdistribution of a number of spe-
cies belonging to the benthic community was
examined in a previous paper (Ulfstrand 1967).
Although the assessment of the factors in-
volved was relatively rough, correlations be-
tween the factors (factor combinations) and
the microdistribution patterns of many spe-
cies could be established. It may be assumed
that the relatively small qualitative differences
of community composition between the samp-
ling localities are due to different propor-
tions of the microbiotopes at the localities in
question. Similarly, in quantitative terms,
standing crop and productivity will be strongly
influenced by the microbiotopic pattern and
the relative frequency of various microbiotope
types (factor combinations). This has been
repeatedly confirmed, particularly in studies
concerning the relationship between substrate,
animal community composition and standing
crop (cf. Sprules 1947; vide Albrecht 1959
for compiled data).

These problems may be analysed in terms
of such field data as may be obtained with

the mapping method (Ulfstrand 1967). It
should be pointed out however that this
method will only yield an approximate picture
of the single species’ autecological attributes.

The basic importance of food for the micro-
distribution was underlined in my paper re-
ferred to above. Comparatively few workers
have paid attention to the food factor in
benthic ecology, among others Dittmar
(1955 a), Scott (1958), Cummins (1964) and
Buscemi (1966); and the significance of lacu-
strine products for benthic heterotrophs has
been discussed by e.g. Knopp (1952) and
Miiller (1954 b, ¢, 1956). Not only microdistri-
bution but also standing crop and productiv-
ity are influenced by food availability.

In the benthic community, the seston feeders
(blackfly larvae, net-spinning caddisfly larvae)
and the predators (e.g. Rhyacophila nubila,
Diura nanseni) constitute special categories
and will be ignored in the following discussion.
Most of the benthic species subsist on detritus
(s. 1.) and periphyton for food, and it is with
these species we shall be primarily concerned.
They will for short be referred to as detritus
consumers and algal grazers, respectively.

Moon (1939) remarked that in a “young”
stream, periphyton probably tends to be of
relatively great importance but that, with the
“ageing’ of the stream, detritus will become
gradually more and more important. With
respect to the relatively great significance of
periphyton in the young Lapland streams one
is inclined to agree. However, even in this
early stage the detritus may well be in ab-
solute terms of greatest significance. The
changes in the animal community at the upper
birch forest limit, above which the amounts
of detritus are presumably much less than
below it, need to be studied. Perhaps the
relative prominence of periphyton is another
feature separating rhithron from potamon
biotopes (§ 4.2).

Algae grow in greatest abundance on the
upper surfaces of stones which are exposed
to light and protected from sedimentation by
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fast current (Butcher 1949, Blum 1956). It
follows that animals feeding on such algae
are exposed to strong current. They seem to
be able to cope with this difficulty in one
(or perhaps sometimes both) of two ways.
They may have evolved such ethological and
morphological adaptations that they are able
to withstand the force of the current or con-
fine themselves to the lowermost water stra-
tum with its reduced current speed (Nielsen
1950, Ambiihl 1959, 1961). Alternatively they
may compensate for the drift of part of their
populations by upstream-oriented movement
in the adult stage (amphibiotic insects); cf.
Miiller (1954 a, b, ¢), Roos (1957) and § 11.

Detritus is particularly abundant at places
with a reduced current speed. But coarse
detritus (vegetable debris) emanating from
land may become anchored between stones
in quite fast current. Animals exploiting such
accumulations of detritus are also protected
from the current by the substrate itself. Alloch-
thonous detritus probably constitutes the most
important food source in many parts of Lap-
land streams which thus represent exception-
ally “open systems” (cf. Nelson and Scott
1962, Minckley 1963, Darnell 1964, Minshall
1967).

Both for the algal grazers and for the
detritus consumers, the food is part of the
substrate, so that analysis of a species’ micro-
distribution indicates something of its feeding
habits as well (Scott 1958, Egglishaw 1964,
Sowa 1965). Nielsen (1942) found that the
differences in habitats of various caddisfly
species were reflected in different mouth-part
morphology, and Décamps (1967) suggested
that the larval cases of caddisfly species
showed many adaptations to the microbio-
topic environments to which the animals
were exposed during feeding.

However, there is no sharp distinction be-
tween the algal grazers and the detritus con-
sumers. Algal grazers are known to supple-
ment their diet with detritus, and to some
extent the reverse is probably also the case.
Consequently, no absolute differences be-
tween microdistribution patterns of different
species (based upon food preferences) can be
expected.

8 OIKOS Suppl. 10 (1968)
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When a species moves from one micro-
biotope to another within the benthos in the
course of its development, a simultaneous
change in feeding habits may occur (¢f. Cum-
mins 1964, Kownacka and Kownacki 1965,
Ulfstrand 1967).

In a previous communication key references
are given to the food habits of many of the
most important taxa involved (Ulfstrand op.
cit.). Only some essential data will be repeated
here, with some additional information.

All the mayfly nymphs of importance in
the community studied except Ephemerella
aurivillii seem to exploit periphytic growth as
the major food source, supplementing their
diet from time to time with varying quantities
of detritus (cf. Gajevskaja 1958, Minckley
1963). E. aurivillii is an omnivorous scavenger,
possibly preferring higher plant material (both
live and dead). The food of the youngest
stages is generally unknown.

Filipalpian stonefly nymphs almost exclu-
sively consume detritus and living higher
plant material (Brinck 1949). Algae were
found in very small quantities in the alimen-
tary tracts of stoneflies. Nymphs of setipal-
pians prey upon small benthic animals but
also ingest some detritus.

Cummins (1964) found that the larvae of
two North American lotic limnephilins con-
sumed vascular plant material, green algae
and to some extent diatoms. This seems to
hold for the whole subfamily (Nielsen 1942).
Glossosoma intermedium has close relatives
known to be algal grazers. Nielsen found that
Apatania muliebris McL. also was primarily
an algal grazer.

The seasonal changes in abundance of peri-
phyton and detritus are not co-incident (cf.
Chapman and Demory 1963). As shown in
Fig. 17, detritus on the bottom was particularly
plentiful after the autumnal leaf-fall. Much of
it was flushed away by the following vernal
spate. Nevertheless, considerable quantities
remained throughout the year.

For many months each year, there is very
little sunshine in Lapland, and this in combi-
nation with the thick ice and snow layer blacks
out the stream bottom completely. The abun-
dance of autotrophs is consequently evane-
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scent with a distinct peak (or sometimes two)
in summer (Butcher 1949, Blum 1956, Schmitz
1961, Miiller-Haeckel 1967). A benthic species
cannot therefore base its subsistence on algal
consumption without either passing the dark
months in quiescence, or switching to some
other food source.

Against this background the timing of life
cycles acquires additional significance.

Ulfstrand (1968) measured large numbers
of nymphs/larvae, and these measurements
supplemented with data on the flight-periods
provided detailed information of the life
cycles, especially the main growth periods, of
many benthic species. The results will be
briefly reviewed.

All Baetis spp. (except B. rhodani) and
Ephemerella mucronata underwent a short
period of rapid nymphal growth in summer.
B. rhodani had distinct growth periods in late
summer and autumn and again in spring and
summer preceeding emergence. At some point,
after a period of winter quiescence, growth
was resumed. Heptagenia dalecarlica, H. sul-
phurea and Ephemerella aurivillii spent long
periods as large nymphs but underwent their
most intense growth in late summer and au-
tumn. Ameletus inopinatus deviated in under-
going most of its growth under the ice.

The main growth periods of filipalpian
stonefly species were more scattered over the
year than was the case among the mayflies.
Some species had their main growth periods
in autumn and again in spring, others spent
the winter as eggs or as quiescent small
nymphs and underwent all their growth in
spring, while a few grew in summer. However,
apart from Amphinemura standfussi and Leuc-
tra fusca in particular, filipalpian stoneflies
grew little in July and August.

Among the caddisflies, Apatania wallen-
greni and Potamophylax stellatus grew mainly
in winter and into early summer, Apatania
stigmatella during July and Awugust, and
Glossosoma intermedium in August to Oc-
tober.

It is interesting that 4. stigmatella, growing
in summer, was found to prefer naked stones
to detritus, and that A. wallengreni, growing
in winter and spring, prefers detritus to naked
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stones (Ulfstrand 1967). Since preference for
naked stones indicates disposition to algal
grazing (cf. § 9.5.4), and preference for de-
tritus that this is a basic food source, this is
in line with the suggested relationship between
food preference and life cycle pattern (see
below).

The restricted growth period of blackflies
at the lake outlets evidently represents an
adaptation to the short season of maximum
plankton productivity in the lakes (Cushing
1963, Maciolek 1966). The fact that a limited
productivity occurs also under the ice does
not invalidate this interpretation (cf. Rodhe
1955, Rodhe et al. 1966).

Thus, there seems to be a general correla-
tion between the life cycle, especially the
periods of intense growth, and food availabil-
ity. Detritus consumers undergo intense
growth at various season, but populations
are generally low and growth retarded in the
summer months, when detritus is scarcer than
in any other season. Algal grazers, on the
other hand, have their most intense growth
periods concentrated to June-September, i.e.
the season with most light and photosynthesis.
There are a few apparent exceptions, e.g.
Ameletus inopinatus and Leuctra fusca, and
these call for further investigation.

Thus, in many of the benthic species in the
biotopes studied, nutritional conditions seem
to be of paramount significance for the life
cycle patterns, but these are modified in many
ways by several other factors, of which only
temperature will be discussed here (see below).

The significance of the nutritional factor is
particularly conspicuous in springs with more
or less constant temperatures (cf. Nielsen
1942, Throup 1963). Hynes (1961) touched
upon the possibility that the main reason for
the location of growth periods of detritus
consumers in streams to the winter months
was the abundance of allochthonous detritus
during that part of the year. From lenitic
biotopes, Reynoldson and Young (1965) and
Lellak (1965) have indicated possible relation-
ships between food conditions and life cycle
patterns.

The influence of temperature often makes
itself manifest in the timing of the life cycle
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(cf. Ide 1935, Sprules 1947, Brinck 1949,
Pleskot 1951, Macan 1961 b, 1962 b, Armi-
tage 1961, Kamler 1965). However in several
cases it has been shown to have surprisingly
small effect (Macan 1960, 1961 b). The ability
of many species to adapt to diverse tempera-
ture conditions is considerable: Thienemann
(1950) and Botosaneanu (1960) have given
many examples of populations of the same
species inhabiting biotopes with widely dif-
ferent temperature régimes, sometimes within
a restricted geographical area. However since
populations are adapted to a restricted tem-
perature range, correlations between the di-

stribution range of a given species and this
environmental parameter are not infrequently
found.

Under the conditions prevailing in Lapland,
the flight-period has to be confined to a season
without ice and with a certain air temperature.
Only in June to September are sharp frosts rare.
Almost all species accordingly have their
flight-periods located to this short period of
the year. Within this period, inter-specific
relationships may impose further restrictions
on each species’ flight-period (cf. Illies 1952 b,
Macan 1958 ¢, Corbet 1964).

11. Significance of drift

Widely divergent opinions have been advanced
concerning the nature of drift and, more
particularly, its significance from the stand-
point of population ecology. It is clear that
if the distances traversed are so short that the
individuals involved may rapidly return to
their starting point, the process has little
significance in this respect. But if the distances
covered are more extensive and the probability
of return small, the phenomenon acquires
considerable significance.

In §§ 8.5 and 8.9, estimates of the total
drift in Tjuldn were presented. The numerical
values were very high, and when related to
the benthic populations inhabiting the stream,
they permit the conclusion that drift was an
important factor affecting population densities
of many species. The fraction of the se popula-
tions passing the sampling site per 24-hr period
was in the order of 1 to 29%; this was also
the proportion of the populations drifting out
of the suitable biotope per day. This repre-
sents a considerable loss (cf. Dendy 1944,
Carlsson 1962).

The extent of the drift of benthic nymphs/
larvae in Tjuldn emphasizes the need for com-
pensatory upstream movements (Miiller
1954 a, b, ¢). In amphibiotic insects these are
performed in the adult stage, particularly by
egg-bearing females (Roos 1957). It may be
assumed that in many species, the eggs are

8*

transported downstream for a more or less
considerable distance before becoming at-
tached to suitable substrate; a situation that
will also require compensatory upstream
movements in some stage of the species con-
cerned (cf. Bernstein quoted from Miiller 1966).

Elliott (1967 b) objected to the view that
drift is a phenomenon of major significance
for lotic populations, since he found that the
proportion of the benthic populations parti-
cipating in drift at any given moment was very
small (cf. § 8.8) and that the drifting distances
covered were short (cf. below). The first argu-
ment is found to be invalid when the time
during which drift occurs is fully taken into
account, and the latter argument reflects only
local conditions. Elliott studied drift in a
comparatively small and slow-flowing stream
in which, moreover, a dense submerse vege-
tation acted as a sieve for the drifting animals.

Similarly, Lehmann (1967) in a careful
study of Gammarus pulex fossarum Koch
found that drift movements were generally of
very restricted extent. His stream was also
small and slow-running. In addition, G. pulex
is entirely aquatic, and its ability of long-range
upstream migration is limited in comparison
with a winged insect (even one endowed with
relatively weak flight powers) (cf. Steinmann
1913 for turbellarians).

This discussion emphasizes a point made
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in § 10 that each species has to be regarded
separately — there are so many differences
between species that generalizations have to
be very circumspectly qualified. There also
seem to be considerable differences between
different biotope types with regard to the ex-
tent of drifting.

The controversy whether drift is “active”
or “‘passive” is partly semantic. The pro-
nounced circadian rhythm of most species
examined (§ 8.3; Miiller 1966) and frequent
over-representation in the drift of certain ele-
ments of the populations (§ 8.7; Miiller op.
cit.) suggest that the start of the drifting move-
ments is by no means purely “accidental”. At
some time during the 24-hr cycle and, for
example, in some age stages, individuals of
certain species behave in such a way that the
probability of their entering the drift increases.
It may be that, at night, they enter micro-
biotopes that are characterized by strong
current; or increased motility may lead to
more interactions between individuals result-
ing in flight reactions. The animals may ac-
tually ““allow’” themselves to be carried into
the current in response to some stimulus, a
possibility that has yet to be demonstrated or
excluded. The differential composition of the
animal assemblage in experimental trays in
different environmental conditions indicates
that animals are more ready to abandon by
drift certain places than others, according to
specific preferences. Waters (1964) claimed
that the density of one species influences the
density of another species (even one belonging
to a remote systematic group), and Dimond
(1967) reported that, under certain circum-
stances, drift seems to be density dependent.
Thus many factors may bring about the initia-
tion of drift from an area.

There are, thus, many reasons for conside-
ring drift to be an active phenomenon. At the
same time it is clear that the actual transport
itself with the current is largely beyond the
animals’ control. Hence, it may be said that
the beginning and the end of the drift involve
the active participation of the individual,
whereas the movement itself is passive (cf.
§ 8.4).

The finding by Elliott (1967 b) that drift
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quantities are correlated with flow volumes
were confirmed by the present study (§ 9.4).
Rising flow would be experienced by the ani-
mals, among other ways, as increased dynamic
pressure on exposed sites, and this factor may
by itself bring about increased drifting. Sudden
spates are often accompanied by large-scale
drifting, sometimes leading to considerable
population loss (Maitland 1966). On the other
hand it was found that drift maxima tended
to come just after flow maxima. This may
also be adduced as evidence against passivity.
Certain factors seem to influence the distance
covered by drifting animals. Although they
are unable actively to move out of a fast
current and make contact with the bottom,
they are, because of the turbulence, frequently
carried to the bottom. Many factors probably
determine whether an animal having made
contact with the substrate settles or returns
to drift.

It should be kept in mind that when current
velocity increases, not only will animals tra-
verse longer distances per time unit, but also
settling will become more difficult. Thus, even
if the proportion of the benthic population
departing from the bottom remains the same,
there will be an increased rate of population
loss due to animals drifting out of suitable
biotopes.

There have been attempts, particularly by
Waters (1961, 1962 b), to use drift rate meas-
urements for estimating productivity. They
have been criticized by Miiller (1966), inter
alia, for many reasons which need not be
repeated here. Waters’ (1962 b) analysis of
incoming and outgoing drift in restricted
riffle sections of a stream indicated, not the
productivity so much as the rate of down-
stream transport of the populations studied.

The colonization of the experimental trays
is of course closely connected with drift. As
discussed in § 9.6.3, two models for the colo-
nization process may be assumed. According
to the first that assumes emigration rate to
be density independent, it is possible to esti-
mate the proportion of the benthic population
taking part in drift per 24-hr period, and on
the basis of data on drift quantities and po-
pulation densities it is also possible to estimate
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the drifting distances. However there is another
model, according to which emigration rate is
assumed to be density dependent, and on the
basis of this alternative no estimate can be
made concerning drifting distances. This latter
model leaves the possibility open that a very
low proportion of the whole benthic popula-
tion takes part in the drift and these individuals
drift for very long distances; an extreme
theoretical situation being that 1 to 29 take
part and drift through the whole stream per
24-hr period.

Waters (1964) studied colonization in a
somewhat different way. He exposed artificial
bottoms for so long periods that maximum
colonization had been attained. The animals
were removed, and colonization was allowed to
re-occur. The original colonization density,
or 1009, recolonization in Waters’ termino-
logy, was found after 4 to 10 days in Baetis
vagans McD. and after 1 to 4 days in Gam-
marus limnaeus Smith. He showed conclusively
that the circadian rhythm of colonization was
closely similar to that of drift. In one case,
recolonization of Baetis reached a much
higher level than the original density. Waters
suggested that this was due to delayed re-
colonization by Gammarus which allowed
Baetis to occupy space otherwise occupied by
Gammarus — a conclusion that needs confirm-
ing. It may be suspected that the change in
environmental factors occurring in the trays
when the original colonization was removed
might have a considerable influence on the
composition and density of the recolonization.
Furthermore, Waters found that drift rate had
an influence on the rate of recolonization of
denuded areas.

It is difficult to compare Waters® results
with those described in § 9.6. Waters started
with a given initial density, to which subse-
quent events were related. Moreover, all his
data are in terms of weights rather than indi-
viduals. In addition he paid no attention to
the binary nature of the colonization, viz. the
coaction between immigration and emigra-
tion. Therefore, I find it impossible to com-
pare in detail his findings with mine; but our
results do not seem to be mutually contra-
dictory. )
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Irrespective of which model or — more
precisely— what combination of the two models
is most fitting to the prevailing conditions,
there is no doubt that the drifting distances
of a considerable proportion of the indivi-
duals were great. This is clear from a com-
parison of the total drift quantity past the
sampling point and the population densities
in the river parts upstream of this point. There
seems to be much evidence favouring the view
held by Miiller (1954 a, b, ¢, 1956, 1966), Roos
(1957), Carlsson (1962, 1967), Levanidova and
Levanidov (1965), Waters (1965), Bailey
(1966), and others, that drift is an integral
part of the population ecology of many lotic
species and communities. In fact, drift is
likely to have many selective advantages.
Populations may colonize areas which have
become accessible owing to rises of water
level, reoccupy sites which had temporarily
become untenable, for example, by decreased
flow, and avoid desiccation at sinking water
level (Miiller 1953, 1962 b, Kljutschareva 1963,
Waters 1964). In addition, drift is a means of
population dispersal (cf. Bovbjerg 1964). It
seems to be a highly effective way of ex-
ploiting the resources available to start with
a high population density in the upstream
parts of a stream and gradually to reduce
the pressure arising from increasing biomass
by means of drift. It should be kept in mind
that, from the standpoint of natural selection,
the mechanism has to be advantageous for

‘the individuals participating. Miiller (1966)

and Dimond (1967) refer to the fundamental
function of drift as a means of reducing
population pressure, and Elliott (1967 a, b)
suggests that contacts between individuals
often release drift behaviour; my own aqua-
rium observations support this. Circumstantial
evidence supporting the hypothesis of density
dependent drift initiation is that the upper-
most parts of a restricted river stretch have
so far never been found to become devoid of
individuals, not even of the most extensively
drifting species.

Drift, then, can be regarded as an adaptive
feature possessed by many lotic species which
by this means benefit from the special pro-
perties of their environment.
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In the lenitic biotopes there is no corre-
sponding dispersal facility and yet consider-
able movements have been demonstrated, e.g.
by Moon (1940), Weerekoon (1956), Berthel-
mes (1963) and Swanson (1967). Such move-
ments are sometimes unaided, that is, the
animals move actively from one area to an-
other, but in other cases they make use of
the relatively slow currents in lakes for their
movements. This illustrates the general oc-
currence of population movements in almost
any kind of freshwater environment.
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Pestome

1. BBenenue.

1.1. Hacrosiuye HCCIeqOBaHMs NPEANPHHATHI C
LENbIO COCTABIICHUSA (DAYHUCTHYIECKOTO M 3KO-
JIOTHYECKOTO onucaHus pek Jlammannuu, O0JIb-
LWIHHCTBO U3 KOTOPHIX HCIOJNB3yeTCs  AJIs
CTPOUTENBCTBA THAPOIAEKTPOCTAHIUIA.

1.2. BbUIM U3Y4YeHBI YYACTKU PEK C CHIIbHBEIM
TEYEHHEM M KOMIUIEKCHI XXM BOTHBIX, OOUTaroue
B MECTaX ¢ KAMEHUCTBIM THOM. OcoObIit HHTEpEC
npeactasisier adHanmu3 ®aydasl Ephemeroptera,
Plecoptera Trichoptera u Diptera Simuliidae.

1.3. TloneBrie uccnenoOBaHUsA NMPOBOIUIKUCE B
TEYEHUE IIECTH JIET, O01IAst TPOMOKUTENBHOCTD
moneBLIX pabot oxomno 10 Mecaies.

1.4. OcHOoBHBIE mnyOauKanUK, KACAKOLIUECH
u3ydyeHus Tekyumx Box Jlammapmuu: Brinck &
Wingstrand (1949), Brinck (1949), Miiller (1953
¥ 6oitee no3auue paborsr), Carlsson (1962).

1.5. Uneutuduxanmus OeCO3BOHOYHBIX MPO-
BOAM/IACE B OCHOBHOM MO ONpPEHETUTEIAM
Limnofauna Europaea (pen. lllies, 1967) ¢ ne-
OONBIIUMM HM3MEHCHUSIMU: BRI, IpexXiae Om-
penensBuiniica Kak Baetis bioculatus L., une-
HTHGOMUMPOBAH 34eCh Kak B. fuscatus m oGe-
nuHeH ¢ B. scambus Etn.

1.6. OnpenensioTcs ¥ 06CYXIAOTCS MOHATHS
»OHOTONK, YKOMILJIEKCK, »MECTOOOUTAHUE K.

2. XapakTepHCTHKA Cpeabl OOUTAHMUS.

2.1. O6macTb, rae NPOBOANITACH UCCIIEAOBAHUS,
pacnonoxena B lIsenckoit Jlannaumuu (66°c.1n.
u 16°B.11.). Ee OCHOBHBIE XapaKTEPUCTUKU HAHBL
Ha puc. 1 m 2 (2.1.1.). Bricota Hag ypoOBHEM
mMops 380-550 M. BUHACIIBENBBEH — BOCBMAs
no BeauduuHe peka eenum (2.1.2.). Ieomorm
BKJIIOYAIOT 3Ty 06JacTh B coctaB KanenoHckoi
ropHoit nemu (2.1.3.)). Temmneparypa BO3ayXa
moKa3aHa Ha PUC. 3, OCaIKu — Ha puc. 4, Inpo-
IOJIKUTEBHOCTE CHErOBOI'O MOKPOBAa — Ha PUC.
5 (2.1.4.). KoneGauusi temmepatypsl BOABI B
TedyeHue rojaa MpuUBeneHHBI Ha puc. 6. M3MmepeHus
TeMNepaTypsl BOABI NPOBOAWIN B paiioHe
Copcenb (puc. 1). JaHHBIE IO TPOIOIDKUTENBHO-
CTH JICIOBOTO NOKPOBAa PEeK B Pa3HBIX IMYHKTax
HCCIeJOBaHMM daHBl Ha puc., 7. [JaHHBIE NmO
CKOpPOCTH TeueHUS — Ha Tabi. 1 IO CEe30HHBIM
M3MEHEHUSIM CKOPOCTH TEYEeHHs — Ha puc. 8
(2.1.5.). Cample BBICOKHE ITYHKTHI MCCIIEIOBAHHUS
pacrosioxeHsl B 30He cyOansnmiickmx Oepes-
HAKOB y TPaHMUBl BBLICOKOTOPHO# GopeanbHOM

TAeXHOU 30HBI. MaKpOCKOIMYECKAsT PACTHTEIb-
HOCTh B pexkax oveHs peaka (2.1.6.). IlpmsHakn
3arpsa3HeHns, a TAKXKE NPYTrHe CIenbl AesATeIbH-
OCTH 4ejIoBeka oTcyrerayror (2.1.7.).

2.2. PacnonoxeHue 10 OCHOBHBIX IYHKTOB,
rje apoBoauica c6op Marepuana, IOKa3aHO Ha
puc. 2. MMeer 3HauYeHHME YIAIEHHOCTH HYHKTA
ot osepa (Puc. 9-16) (2.2.1.). Teuenuwe pex B
OCHOBHOM OBICTpOE, B yuacTkax loc. D u loc. P.
teuenne OGomee wmemmennoe (2.2.2.). dHo pex
NOKPLITO KpynHeiMu kKamesimu  (Tabn.  3).
Konu4ecTBO MEIKHX OpPraHMYecKHX W Heopra-
HMYCCKMX YaCTHUIl M3MEPAIOCh C IOMOMLIBIO
MOpTAaTHBHOM IOMIbL. Pe3ynbTaThl HCCIENO-
BaHMiIi mpuBeaeHbl B Tabm. 4. ConepxkaHue
nerpurta konebrmercs B TeueHme roxa (Puc. 17).
Hauboibliiee KOJMYECTBO 3aperHCTPUPOBAHO
ocenblo mociie mucronanma (2.2.3.). Bomopocau
B HaWOONbBIIEM KONHYECTBE BCTPEYAIOTCH Y
BeIxoma pek u3 ozep (Tabn. 5) (2.2.4). Cone-
pXaHME OPraHMYECKOTO HEPACTBOPHMOIO Mate-
puana nmoka3zauo B Tabi. 6, pe3yiabpTaThl IIJIaaH-
KTOHHEIX ¢60opoB — B Tabn. 7 (2.2.5.). OcBobo-
XKIEHHE PEeK OTO JIbAA 3aIEPXUBAETCS B HEKOTO-
pPXbl YYacTKax PpEYHOH CHCTEMBI. MecCTHEBIE
pa3zIMyYus TEMIOEPATYPhl BOIBI PErHCTPHPOBa-
nuck Tepmorpadamu (Puc. 18). AmMmnuryna xo-
neGanus IHEBBIX TEMIEPATYD IPUABENEHA B Tabn.
8. ManeHpkue peykw UMEIOT OoJiee BBICOKHE U
Golce paHHME TeMOEPAaTypPHBIE IHUKHA, YEM
GoNbIIHEe PEKU. BIM30CTH O3€p MDOBHIIAET
OCeHBIO Temmepatypy peku (2.2.6.). Comepxa-
HUE KuCJopoda NOoBoasHO Beicokoe (Tabm. 9),
yAeldbHAas M[POBOAMMOCTh HEH3MEHHO HH3Kas
(Ta6n. 10). XapakTepucTuka HOHHOTO COCTaBa
ponbl mpusedena B Tabm. 11 (2.2.7.). HauGonee
BaXXHble [OKA3ATENIH, XapaKTePU3YIOUIHE PEKA
B OYHKTAX MCCIEHOBaHWS, CKOHIEHTPUPOBAHBI
B Tabm. 12 (2.2.8.).

3. 'pynnoBo# cocTaB U IJIOTHOCTH
MOHySAIUi OTACHBHBIX BHAOB Oecrno3Bo-
HOYBIX M 300reorpadniecknii aHaImu3

dbayHsIL.

3.1. Coucok BHIOB COCTaBJIGH Ha OCHOBe
aHanu3a c6opos Genroca.

3.2. TIpoBepka MeToda HCCICAOBAHUHA IMO-
Ka3aja, YTo OH AOCTAaTovHO 3hdeKkTHBeH nius
XapaKTEePUCTHKA TPYHOIIOBOIO COCTaBa KOMILIE-
KCOB XHBOTHEIX (Puc. 19).
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3.3. Coucox BHAOB, COOpaHHBIX BO BCEX
HMCCIIEAOBAaHHBIX IyHKTaX, IpuBeneH B Tabi. 13.
Cpenu HUX BBIOEICHBI 4 TPYIIE, Pa3IMYalOLI-
Hecs Mo o0wIMio ¥ BCTpeuaemocTu. I'pynma » D«
— OOMHHAHTHBIC BHOBI, »S« —~ BTOPHYHO OOM-
uHaHTHBIe, »« — OOBIYHBIE, HO C peaKol
BCTPEYAEMOCTBIO M »A«K — peaKkue BHIBI.
JlanHable MO BHOOBOMY COCTABY 3THX IPYNN U
YUCIIEHHOCTH OTHEIBbHBIX BHAOB IMpPHBEIEHH B
Tabn. 14, HA OCHOBE UX MOXHO PAaCCYUTATDH
OTHOCHTEIIbHOE JOMHHHUPOBaHKUE KaXXOrO BHAA.

3.4, IIIOTHOCTB HONYJIISIAIA OTAEIBHEIX BUIOB
B KaXXIIOM MeCTOOOWTAaHHM NpuBeAcHa B TalII.
15 (3.4.1.). OTO — BENIWYHUHBLI TOTO XK€ MOPAAKA
YTO ¥ B OOJIBIIMHCTBE APYTUX palionovs EBponst
C YMEPEHHBIM KIMMAaTOM, DTO MOKA3EIBAET, YTO
ycioBms Jlannmasauu BoBce HE Tak CYPOBBHI IJIsA
3TUX Oecro3BOHOYHBIX, KaK HHOTAA MONararoT
(3.4.2.). Paznuuus Mexay yCIIOBHUAMH OOMTaHUs
B CTOSMMX M TEKYYMX BOLAX OTHOCHTEIBHO
HEBEJIUKK B PaliOHAaX C XOJIOJHBIM KIHMATOM.
ITo3TOMMY HEKOTODEBIE BHIBI )XUBOTHBIX MOLYT
OPOHUKATH NAJICKO Ha CeBEpP, B MECTA, KOTOPBIE
no CcBOUM GU3MKO-TeorpaGuIecKuM o0cobeH-
HOCTAM 3aMETHO OTIHMYAKOTCH OT YCJIOBHI
oOHTaHUA J3THX XK€ BHIOB B 0oJiee IOKHBIX
paiionax (3.4.3.).

3.5. PacnipocTpaHeHMEe HEKOTOPHIX BHIOB
crporo JokammsuposaHo (3.5.1.). Kommiekcer
6eCrO3BOHOYHBIX Y HCTOKOB pPEK OTJIMYAIOTCA
TEM, YTO B HMX COCTAB BXOOUT HEKOTOPOE
KOJIMYECTBO BHAOB, XapaKTEepPHBIX MIJIA 03€p.
Kpome Ttoro, numb HexkoTophie Simuliidae
BCTPEYAIOTCS B YCThAX pek BOMM3u 03ep. [Ipyrue
Simuliidae u36erator 3THXx MecT (3.5.2.). Vcra-
HOBJIEHBI HEKOTOPEIE 3aMETHBIE pa3iuyus B
Habope BHAOB B MAaJIEHBKMX pPEYKaX, B YACTHO-
C¢TH, B cocTaBe Trichoptera. Ilpeanonaraercs,
YTO HMEET MECTO MEPEMEIIEHHE HEKOTOPEIX
BHJOB JKHBOTHBIX, BBI3BAHHOE KOHKYpPCHIHEH
(3.5.3.). TIpuvudHB! W30IALMM 3KOJIOTHYECKH
CXOAHBIX BHAOB OOCYXIaroTcsi myisi BCEX Tpymm
JKUBOTHBIX (3.5.4.).

3.6. KoMnaekcsl KMBOTHBIX COCTOAT W3 IITH-
POKO pacIpOoCTpaHEHHBIX EBporeiickux BHAOB,
MCXONHO IOXKHBIX 3JIEMCHTOB M CHOHMPCKHX Ce-
BEpO-BOCTOYHEIX BUAOB. Kak mokazaHo B TabGil.
17, cpenu BeCHSHOK 3apeTHCTPHUPOBAHO MHOTO
CeBEpPO-BOCTOYHBIX 3JIEMEHTOB. JJOMHHAHTHBIE
BHABI BCTPEYAIOTCA 3JeCh Cped OOEHUX 300Te0-
rpadHvecKux TPYIIHPOBOK.

3.7. CoctaB npyrux rpymn 6ecro3BOHOYHBIX
KPaTKO MPEICTaBIICH.

4. IIpobiema xapakTepHCTHKH U
KaaccupuKkami GHOTONOB TEKYYHX BOI M
OOHTAIOMIMX B HUX KOMILJIEKCOB KABOT-
HBIX.

4.1. Cnenasbl MONBITKH CO34AaTh €OHHYIO OIS
BCETO 3¢MHOTO L1apa KIACCHOHUKAIHUIO GHOTONOB

TEKY4YMX BOJ ¥ COOTBETCTBYIOLIUX KOMILIEKCOB
XHBOTHBIX.

4.2. Jqns xknaccudukaiyu OGHOTONOB HCHOJIb-
30BaHbl XapaKTEPUCTUKU OTACIBHBIX (AKTOPOB
cpensl. Haubosiee BaXHBIM M3 HHMX ABJISETCS
XapakTepUCTHKA NOHHOro cybcrpara. YeTaHo-
BJIEHBl B3aHMOCBSA3U MEXAy OTHENbHbLIMHU (ak-
TOpaMu cpenbl. O4eBHAHO, MOXHO HCIIOB30-
BAaTh pa3delieHue OMOTONMOB HA THUNLL »rhithron«
M »potamon«.

4.3. IloneiTkn kiaccudukaumu GUOTONOB M
COOTBETCTBYOLIMX 300KOMILIEKCO B IO IIPHU3HAKY
TIPUCYTCTBUSA ONPEHC/ICHHBIX BHAOB XHBOTHBIX
NPU3HAHBl HEyMavyHbBIMU. ODTOT CIOCOO Kiac-
cHUKAIUN MOXET NMPUMEHATHCH JIMIIbL B Ipe-
nesax HeOONBIIMX, CTPOTO OrPaHUYEHHBIX Teo-
rpaguyeckux paioHoB.

5. XapakTepucTaka YHCIEHHOCTH
OeHTOCHBIX (hOpM 6eCrnO3 BOHOYHEIX.

5.1. KpaTko onucaHbl NpeABAPUTEIbH bIE MHC-
clleqoBaHuUs.

5.2. Omucana TtexHuka cbopos. Kamuu mno-
JHMMAaJIK CO [IHA, a OECO3BOHOYHBIX, KOTOPEIE
COCKaJIBb3BIBAJIN C MIOBEPXHOCTH KAMHS, JIOBUIU
CeThlo. BenuunHy DOBEpPXHOCTH KaMHsS OH-
pedensany yMHOXEHNEM IJIMHBI Ha LLUMPUHY.

5.3. V3 Bcex MeTomoB cOOpa Marepuana c
KAMEHHCTOI'0 [IHA JIMIUb ONUH OKa3ajics IIpH-
MEHUMBIM IJIs OAHHOTO Tpyboro cybGcrpara.
JKHBOTHHIX Menbye 2-3 MM 4acTO HEBO3MOXHO
OBLIO y4ecTh.

5.4. CoOpaHHBIX XUBOTHBIX [IPOMBIBAIH AEC-
TAJUIMPOBAHHOM BONO, BBICYNIMBAJIH, ITOKa HA
MX MOBEPXHOCTH HE OCTABAaJIOCH Kamejb BOIEI,
¥ B3BCIIMBAJIH.

5.5. Mo3an4yHOCTH pacnpenenenust 6ecno3Bo-
HOYHEBIX HAa [HE 3aTPyOHSET YYeT MX YHUCJIEH-
HOCTH. YHCIEHHOCTh XHWBOTHBIX B MpobGax,
B3STBIX B OOHOM YYacTKE, MOXET Pa3HUTLCS
no4yTH BABoe. [To3ToMy mpu nmoacyerax YyuCieH-
HOCTH OIUMOKA OOBIYHO JOBONBLHO GOJIBLIAA.

5.6. B 1mesoM wuccinenoBaHa IIOBEPXHOCTH
13378 xamHueit, cocTaBnsomas B HEJIOM ILIO-
manek okoso 250 m2 (Tab6ma. 18).

5.7. JaHHBIe IIO YHCIEHHOCTH GEHTOCHBIX
dopM npeacraBnedbl B Tabm. 19-28. O6’acuHe-
HMsT K TabiMIaM JnaHbl B TeKCTe B pa3jeiiax
5.7.1.-5.7.10.

5.8. OcobeHHO BEBICOKA YHMCIEHHOCTH Becrmos-
BOHOYHBIX Y MCTOKOB PEK B KOPOTKHIl JEeTHHI
nepuon (Puc. 30-31). Ilocie Brinera Simuliidae
YUCJIEHHOCTDh IpeACTaBUTENeH 3TOH IPyNNel B
MCTOKAX PEK pe3ko cHmxkaetrcs (Puc. 32). OrHo-
IIEHAE MEXIY YHMCIICHHOCThIO GECro3BOHOYHBIX
B UCTOKaxX peK M B IPYruX ydyacTKax pycia B
nepuod MacCcoBOro pa3MHOXKeHUA Simuliidae
pasznavaeTrca 6onee ueMm B 20 pas.

5.9. B 1964 r. yucneHHOCTH GeCnO03BOHOYHBIX
OBl7Ta B LIEJIOM BRIIIE, Y€M B OPYTHE oAbl DTO
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xacaeTcst Bcex rpynm (Tabmn. 30-32).

5.10. O0was YuCIeHHOCTh 06eCcno3BOHOYHEIX
B UCCJIEIOBAaHHBIX peKax Jlamaanguyd HECKOIBKO
HHUXE, YeM B TONOOHEBIX pekax OoJiee HH3KHX
LIKUPOT.

6. TInotHoCTs TOMYJAUMH OECHO3BOHOY-
HBIX B HEKOTOPBIX MECTOOOUTAHUSX.

6.1, Omubka Tpu ydeTe XHUBOTHBIX B cOopax
OOGBIMHO BBIIIE TPUH TOACYETE KOJUYECTBA
ocolei, HEeXeTH PU ONPENESICHHA MX GMOMACCHI
Ha EOMHULY TUIOUIANHN.

6.2. TInoTtHoCTh HomynsAnui 6eCmO3 BOHOYHBIX
B HEKOTOPHIX MECTOOOUTaHUAX T0Ka3aHa B
Tabm. 33.

6.3. Obniee KOMMYECTBO JIMYMHOK ¥ KYKOJIOK
Simuliidae OZHOBpEeMEHHO BCTPEYAIOIINXCA B
o3epax y ucTokoB pek (loc. A) mocruraer
MPUMEPHO 35 MIIH.

7. KonebaHus YMCICHHOCTH, IEpeMEILICHU S
TIOMYJIAIAH, TPOAYKIUS U
MPOAYKTHBHOCTb.

7.1. Uccnenosanuck (akTOPHI, BEI3LIBAIOLINE
4acThie paguKalbHbIe M3MEHEHUS YHUCICHHOCTH
0ECrIO3BOHOYHBIX, KOTOPHIE OBUIM 3aperucTp-
pOBaHBI BO BPEMS UCCJICIOBAHUM,

7.2. Onpenensiorcs pasauvusi MEXAY TCPMHU-
HaMH NPOAYKUHAS ¥ IPOAYKTHBHOCTD.

7.3. B HEKOTOPBIX CIyYasax IPHUYMHON H3MEHE~-
HHSL YHUCJIGHHOCTH MOTYT OBITh MHTDALIHH
JKUBOTHBIX U3 Oosee Tiybokux B 60jlee Mekue
Y4acTKH peK, THOO TiepeiBHKEHUS BAOIb pycia
peKu. YCTaHOBJIEHO, YTO NAHHBIE IO YHCIICH-
noctu Ephemeroptera, Plecoptera u Trichoptera
OGBIYHO HE COOTBETCTBYIOT [OLEHKE HPOAYKLMU
3THX TPyMI.

7.4. TlogoOHEIE IEpeMELLIEHUS, HO B MEH bIIUX
pasmMmepax, HaGmroganuces y Simuliidae, oburaro-
IMMX y MCTOKOB pek. OAHako, ONpeneyicHUs
NPOOYKIMH B 3THX YYacTKax NPOU3BOIUIHCH
O4YeHb HeTO4HO. B Hacrtosmeit pabore pe3yiib-
TAaTHI ONPENETICHHs] IPOAYKLIMH OUeHb 3aHMKEH Bl
(7.4.1.). B yuactke loc. A B uroHe-urosie 1963 r.
NPOAYKTUBHOCT® Schonbaueria annulitarsis oxo-
5o 0,65 r/m2/nens. B nrone-urone 1964 r. obmas
NPOAYKTUBHOCTh KOM miekca Simuliidae B ToM
Ke ydyacTke cocraBiasna 3 r/M2/nedb (7.4.2.). B
yuactke loc. E npoayktuBHocTe Hmxe (7.4.3.).
IIponykTuBHOCTH KOMIUIEKCa Simuliidae B yua-
crkeloc. A B 1964 1. 6b1a npuMepHo 1,6 Kr/neub,
YTO COOTBETCTBOBaJIO OmoMacce OKOMO 65 Kr.
Konu4ecTBO HEPaCTBOPHMMOIO OPraHUYECKOro
BEIIEeCTBa, MOCTYMAIOIIETO B peKy U3 03epa,
okono 4320 xr/meHp, T.e., npuMepHO B 2700 pas
6oliblle, 4eM yBeJIHYEHHE Beca KOMIUIekca Si-
muliidae B Teyenne cyrok (7.4.4.).

8. OtHomeHnue npudra ¥ MOMyIAIUA
6enroca.

8.1. dpudT — mepenBixkenne OEHTOCHBIX opra-
HHU3MOB 110 TEYEHHIO PEKH.

8.2. C6opbl gpudTa NPOBOAUITUCH C IIOMO-
IIBFO MIAHKTOHHBIX CETOK HA CEPEIUHE PEKH H Y
nHa BOnusm Oepera. CGOpBl NPOBOAMINCE B
TedeHue 24 vac. Becero mecrmemoBaHo 6 cepmit.

8.3. IlupxanmHBIf DHTM BBIpaXeH TroOpas3’go
Iyqmie ocenbto, Hexemn jgetoM (Pmc. 33). Lup-
KaIHBIM PUTM BBIPaXX€H TaKXKe H Y 3K3yBHUEB, HO
MEHEe 4E€TKO, Y€M Y XHUBBIX OPraHW3MOB.

8.4. YCTaHOBNEHBl OIpPENEe/ICHHEBIE DPa3IHYUA
MeXAY OPAGTOM B BEPXHHX M HUXKHHUX CIIOSX
Boasl (Tabm. 35-36). Dk3yBUH pacHpeneisoTcs
cllyyafHO B Macce BOZIBI, MHOTHA WX HECKOJIBKO
OOoNblIEe B IPUIAOHHBIX CIIOSX.

8.5. Hccnenosansl npobOsl BOABI OINpEEIeH-
HOro ofeMa ¢ »IOHHBIMK M »CBOOOIHBIMK
npubTom (Tabn. 37) (8.5.1.). Ha sroit ocuose
BBIYHCIICHO KOJIMYECTBO OECIIO3BOHOYHBIX, y4a-
CTBYIOIIMX B ApudTe B TeueHume cytok (Tabir.
38-39) (8.5.2.).

8.6. meeTcss ompeneneHHas 3aBHCHMOCTH
MexXay OOMIMeM BOIBI M YMCIEHHOCTBIO XKUBOT-
HbIix B npupTte (Puc. 34).

8.7. Bonpinoe 3HAYEHUE HMCET BOMPOC O TOM,
BCE JIM CTafuM pPa3BHTHA OECMO3BOHOYHBIX
Y4acTBYIOT B IpudTe C OXHHAKOBOM 4acTOTOM
(8.7.1.). B GONBIIMHCTBE CiIyYaeB YCTARHOBJIEHA
KOppensnusl B paCOpPele/ICHWH >XHBOTHEIX B
npudTe 1 Ha THE peku. QOCY X IarOTCH HEKOTOP bIe
uckaoyenus (8.7.2.).

8.8. OTHOlUEHHE MEXOY KOJUIECTBOM OCoOeH
B IpH(TE ¥ KOJIHYECTBOM XHUBOTHBIX HA IHE B
KaXHbI NAaHHBIM MOMEHT COCTABISET OKOJIO
0,01%.

8.9. BBICUHTAHO COOTHOIICHHE MEXIAY OOIuei
YHCICHHOCTBE) OEHTOCHBIX GeCNO3BOHOYHEIX
(pHC. 2), U X YHMCIIEHHOCTBIO B apudte (Tabm.
42). VcraHOBJIEHO, 4YTO 4Yepe3 IyHKT cbopa
6eCrI03BOHOYHBIX, PACIIONIOKEHHBIR OKOJIO YCT bsl
peKH, B TEYEHHE CYTOK IPOXOLUT 0k0ji0 1% oT
obme#t yncnenHoctu Genroca. Bonbmas 4acTts
JKABOTHBIX YHOCHTCSI B 03€PO M BEPOSITHO IMO-
rubaer.

8.10. Ha puc. 35 nmokxa3aua CKOpOCTb rubein
6ecrno3BOHOYHBIX. OAHAKO, 3TH MOTEPH BOCIIO-
JIHAIOTCA 33 CYET TOTO, YTO XUBHEHHBIA ITUKII
y M™MHorux ¢opM oOueHb KOpOTKuid. JaHbl
XapAaKTEPUCTUKH HEKOTOPHIX YYACTKOB, HAFOUIUX
MOMOTHEHUE APUDTY.

9. 3aceneHre HMIITAHTHPYEMBIX
cyOcTpaToB.

9.1. IIpoBeneHs MOJIEBBIC WCCICAOBAHHUS IIO
ompeeNneHnio ckopocTr apudTa u npedepeHay-
Ma HEKOTOPHIX BHAOB B OTHOLIEHHM MECTOOOM-
TaHUMH.

9.2. Ha nHO pex OnyCKalH MOIHOCHI, MMOKPbI~
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ThIC TOHKO# TKaHBIO C BHYTPEHHEH CTOPOHBI U
C DPa3sIMYHBIMH CyOCTpaTaMH, NOMEINEHHBIMH
Ha HUX.

9.3. LIMpragHBIM PUTM 3aCeIeHUs cybcTpaTon
KABOTHBIMH OKa3ajCi CXOOHBIM C PHTMOM
apudra (Tabim. 43).

9.4. CropocTh 3acelieHus 3aBHCHT OT OGHIIHst
Boasl (Tabis. 44, Pumc. 36). HauGonnee wuHTe-
HCHBHOE 3acelicHHe cybcTpaToB Habmromaercs
BCKOpPE TMOCHIE IONOBOABS, KOTA4 BOJA Ha-
YHHAET CHANaTh.

9.5. CybcTparhl, UMIUTAHTHPYEMBIE B MECTaX
C Ppa3sHOHW CKOpPOCTDIO TEYEHHMS, 3aCEIIsUINCH
Pa3IMYHBIMHM TIO0 COCTaBY KOMILIEKCAMH Opra-
Hu3MoB (Tabn. 45) (9.5.1.). T'ny6uHa oxa3siBaeT
orpuunarensHoe Bausaue (Tabn. 46) (9.5.2.).
Pasmeprl wactun cybcTpata mMeroT GOIBIIOE
3HaueHue ans GonemmHcTBa BUOOoB (Tabm. 47)
(9.5.3.). CpaBHuBanachk MHTEHCHBHOCTH 3aceic-
HHS HOBEPXHOCTH KaMHeH, B3SATHIX CO OHA PEKH
H TIOKPBITHIX BOJOPOCHSAMH, U KaMHEH, B3ATHIX
€0 ckaJl, 6e3 paCTHTeNBHOCTH. B mepBoM ciyuae
o6HapyXeHO Gonbliee KOIMYCCTBO XHBOTHBIX,
Cpend KOTOPBIX Ipeobiasand BUAbI, H3BECTHEIS
kak wnorpebutenu Bomopocneir (Tabm. 48)
(9.5.4.).

9.6. IIpoueccsl 3aceeHHA HCCIEAOBAINCH B
TE€YeHHEe [UIMTENIBHOTO BPEMEHM B 4 cepusix
onbtos (Tabm. 49) (Puc. 37). Ilocme mepBo-
HavjaJILHOT O 3aCENICHUS yCTaHABIXBAETCA OaTalc
Ipy KOTOPOM OIWHAKOBO WHTEHCHMBHO MpO-
TEKAlOT KaK MMMHIpPAIUs, TaK ¥ BSMUTPAIHS
6ecno3BoHOUYHBIX. OKOHYATENBHEIE PE3YIbTAT I
TIO3BOJIAIOT NPEANONATATE, YTO B TEYEHHE CYTOK
¢ cybcTpara mcdyesaer okono 25% momynsmum
(Puc. 38).

9.7. CocTaB KOMILTIEKCOB GECMO3BOHOYHEIX B
UMIUTAHTHPYEMBIX CyOCTpaTax OOBMHO OT-
JIUYaeTCsA OT TOT'O, YTO HADIIIOMAeTCH HA €CTECT-
BEHHOM HOHHOM cy6cTpate (Tabm. 50).

9.8. Tlomemenue momroca ¢ cyberpaTom B
YYACTKM C OYEHb MEMJICHHBIM TEYSHHEM (IOYTH
CTOsiYas BOJA) CONPOBAXIAETCS AKTHBHOM IMH-
Tpanuedl HEKOTOPBIX BHAOB XUBOTHEIX (Tabur
51).

10. HekoTophie B3anMOCBA3H Mex Iy
MUKPOpACIpeneaeHHEM KABOTHEIX, HX
THLIEBEIM NpedepeHIyMOM U KAZHEHH bIM
IIUKIIOM.

Bunawl, nuTaroipecs nperMymecTBeHHO MHKpPO-
CKOOUYECKHMH  BOIOPOCIAMHU, OOHTAIOT Ha
TOJNBIX KaMHMX, TA€ OHH OMBIBAIOTCH BOLOH.
MotpeGurenu nerpura oburaroT B Gonee yk-
PBITBIX MecTax. IlepBas xateropus Gecmospo-
HOYHBIX HAaXOMUT Haubojiee OGHIBHYIO HHILY
JETOM, M B 3TOT HEPHOX 3apErMCTPHPOBAHA
Haubosee BLICOKAs YUCIEHHOCTDb IIPEACTABHUTE-
Jielt nauHOd rpynmet (moutw Bece Ephemeroptera).
3amacel mAMM A5 HOTpe6HTENeH neTpuTa 6oce
MOCTOSIHHBL. ONIHAKO, KONHYECTBO HETPUTA 3H-
MO# HECKOJILKO BBIWIE, U YUCICHHOCTD JKHBOT-
HBIX, IIMTAIOLAXCSA HETPHTOM, TOXKE BO3DACTACT
3uMo# (GonbiuHCTBO Plecoptera). YcraHoBe-
HO, 4TO Apatania wallengreni, pa3BuBaromascs
3MMO#, NPEANOYUTAET XETPUT rOJBIM KaMHSIM,
a A. stigmatella pa3BUBAKOIAACH II€TOM, Ha-
060pOT, IPEeAnOYUTAET CENUTHCS HA TONBIX KAM-
Hsx. [Tuimesolt npedepeHnyMM MOXET CymiecT-
BEHHO BJIMATH HAa IPOAOJIKHATEILHOCTD U CE30H-
HBIE OCOOEHHOCTH XXH3HEHHOTO HUKIA XHBOT-
HBIX, XOTs ApYTUe (PaKTOPBI CPed bl TAKKE UMEIOT
6oJbInoe 3HAYECHAE.

11. IIpoTskeHHOCTh U 3HadYeHue ApudTa.

Ha6nronmaetcst vactuuHoe mnepeMemiende mo-
nysauui Briayos. DTO ONHAKO MOMIKHO KOMIIE-
HCHPOBATBCH MHTPALUMAMHU XHBOTHBIX HAa IIO-
BEPXHOCTh BOABI, 4TO OOBIYHO HaGnmrogaerca y
B3POCNIBIX HACEKOMEIX. YCTaHOBJIEHO, 4TO Yy
pAna BUOOB ApUPT OKa3bIBAET CyLIECTBEHHOE
BIIUSIHUE Ha YHMCIICHHOCTH IOMY/ISLUH, Y HEKOTO-
PHIX BHAOB BIHsiHME APU(BTA HAa YHCJIIEHHOCTH
HEe3HAYUTEeNbHO. HeKOTOphie MOMEHTH Tpo-
uecca apudTa, B YACTHOCTH, HAYANIO IBHKCHUS
H OCeIaHWe XHBOTHBIX Ha JHO, HYKHO paccMa-
TPUBATh KAaK AKTHBHEBIC CTalMd, B TO BpPEMS
KaK caMa TPaHCIIOPTHPOBKA XUBOTHBIX ~ MAC-
CHBHaf cranus ApudTa.





