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ABSTRACT

Both freshwater and brackish Potamopyrgus jenkinsi (Smrra) from Polish waters
survived for 24 hours direct immersion into environmental salinities up to 18 %y,
but fewer could tolerate higher salinities, 18 %/, to 34 %/, although previous acclima-
tization in a lower salinity doubled the survival rate. The haemolymph of both
freshwater and brackish snails was hyperosmotic from freshwater to 4 %o, apparently
is osmotic from 4 %o to about 18 %0 and considerably hyperosmotic in higher salinities
up to full sea water as well as showing great individual variation. In a freshwater
medium, the haemolymph osmotic concentration was significantly lower in fresh-
water snails than in brackish ones.

CONTENTS
1. Introduction 4. Discussion
2. Material and methods 5. Summary
3. Results 6. References

1. INTRODUCTION

Potamopyrgus jenkinsi (Smrra) has been recorded in Polish brackish waters
since 1927 (UrBansk! 1935), as P. crystallinus carinatus, and recently has been
recorded from Zalew Szczecinski and Zatoka Pomorska (Wikror 1962), and
from Zalew Wislany (Krmmowicz 1958; Zmupzinskir 1957) as well as from
Zatoka Gdanska and Zatoka Pucka. Inland freshwater records in Polnad are
fewer. There are records of its occurrence in the River Odra (in BoerTGER 1951,
and Ureanski 1935) found it in Lake Trlag (or Pakoskie), a lake connected to
the River Note¢ which, in this region has a high chloride content (more than
100 mg/l; StanNGeENEERG, 1958) due to salt deposits in the area; no living
specimens have been found here recently (1962). A new Polish record was
made during the 1950 when the University of Torun established its Limno-
logical Station at Ilawa on the banks of the Lake Jeziorak. The snail was
first found in considerable numbers not only in Lakes Jeziorak and Dauby
but also in the nearby Lake Labedz (Gizinski 1966). There are no records of
P. jenkinsi east of Lakes Jeziorak and Rabedz apart from a very isolated

* Address: Royal Holloway Coll.,, Englefield Green, Surrey, Great Britain.
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record on the Rumanian shore of the Black Sea (Gressu 1951). The two po-
pulations studied here came from Lake Jeziorak at the island ‘“Réb Co Chcesz”
and from Zalew Wislany off Piaski, where the salinity fluctuates from 3%o
to 6% throughout the year (Zmupzinskr 1957).

The snail is parthenogenetic and is some evidence that it is also polyploid
in Great Britain and diploid on the Continent as SanNDErson (1940) records
and chromosome number of 36—44 in Scottish specimens and Ruein (1935)
of 20—22 from a continental population.

2. METHODS

Potamopyrgus jenkinsi collected from lakes Jeziorak and with of a calcium
content of 55.7 mg/l and Labedz with 69 mg/l calcium and Zalew Wislany were
immediately transported back to the laboratory where they were kept in la-
boratory cultures at around 20°C, either in their own water or in Warsaw
tap water (calcium content 100 mg/l, aerated to remove any chlorine) or in
a salinity of 3%o obtained from diluting artificial sea water made up according
to Hare’s (1958) formula with Warsaw tap water. The experimental solutions
ranged from 34.33%0 (= 100%o sea water) to freshwater and were also obtained
from artificial sea water diluted with Warsaw tap water.

The experiments were all carried out at room temperature (about 20°C);
a number of snails, of known length or weight with about five snails per
60 ml medium were placed in covered crystallising dishes containing the
various media and left for 24 hours. Some times snails destined for higher
salinities (more than 18%o were acclimatised first for one or two days in 16%o
or 18%o). Apart from one experiment using smaller animals, the snails were
all adults about 3.5 mm long and between 5 and 12 mg weights for Jeziorak
snails and about 4.5 mm and between 8 and 17 mg weights for Zalew snails.
Some of these snails were used for determination of the haemolymph freezing-
point depression and others to assess how many survived immersion in various
salinities either by observing movement in the experimental medium or by
returning them for 24 hours to their normal medium.

The procedure for taking a sample of haemolymph from an individual
snails was as follows. A snail was removed from the experimental medium,
washed quickly to remove any saline water and, under a binocular microscope,
a hole was bored into the third or fourth whorl of the shell with a needle.
From this perforation, the haemolymph oozed out; it was transferred by a ca-
pillary tube to a glass cavity containing liquid paraffin. From here, samples
of haemolymph were sucked up into a capillary tube of Rasotherm glass with
a diameter of about 0,2 mm and made in such a way that about ten or so sub-
samples of haemolymph were spaced along the tube, separated by paraffin
and closed at each end by air. Only those sub-samples whose length was
equal to or was twice that of the tube diameter were used for determination
of the freezing-point depression (Ramsay, Brown 1955; KrLexkowski, 1963).
Thus, each capillary tube contained a number of sub-samples of haemolymph
from one snail. About 25 such capillaries were glued onto a frame together
with capillaries containing sub-samples of the experimental media and of
twice distilled water. The whole frame was then placed on solid carbon dioxide
and frozen immediately; except on two occasions, the determinations were
made on the same day.

http://rcin.org.pl



Osmotic balance in Potamopyrgus jenkinsi (Smith) 3

The freezing-point depression was measured by means of a cryoscope
designed by Ramsay and Brown (1955) and modified by Krexkowskr (1963);
the procedure used is described in Krekowskr (1963). The apparatus error
determined by repeated measurement of a known salinity several times
was -+ 0.005°C (KLekowskKI: personal communication); repeated freezings of the
same set of haemolymph sub-samples revealed that the error for snail haem-
olymph was greater, being -+0.010°C for haemolymph from media below 18%o
and 4-0.020°C from media above 18%..

3. RESULTS

Potamopyrgus jenkinsi from both brackish water and freshwater popula-
tions can live for a long time in all salinities up to and including sea water,
providing that before immersion into higher salinities, they have been pre-
viously acclimatised in a lower salinity (Bovccrr 1936; Apams 1942; Topbp
1964; Duncan 1967).

As snails both after direct immersion into various salinities and after
previous acclimatisation were used for the measurement of the freezing-
point depression, it was necessary to know what proportion of them could
survive such treatment. Figure 1 shows the percentage survival after 24 hours
of adult snails (more than 3.5 mm long) from the two population either after
direct immersion in various salinities or after previous adaptation in 16%o
or 18%o. All snails from both populations survived direct immersion into
salinities up to 16%o or 18%o but in higher salinities the percentage survival
decreased rapidly until it was only 10 in full sea water. Previous acclima-
tisation in 16%o or 18%o almost doubled the percentage survival in each of
the higher salinities. Figure 2 shows similar results for snails smaller than
3.5 mm length; again 18%0 was the upper limit for 100°/y survival of direct
immersion into various salinities of snails 1.0, 1.5, 2.0 and 2.5 mm long.

Figure 3 shows the relatin between the osmotic concentration of the
haemolymph, as measured by the freezing point depression, of the 194 Jezio-
rak snails and 194 Zalew snails to the concentration of the experimental
medium, after 24 hours immersion, either directly or after previous acclimatisa-
tion. Each point represents the mean of up to five snails; those ringed refer to
acclimatised snails and the heavily marked points to those means significantly
different from the medium (P 0.05), taking into account the error of 0.010°C
or 0.020°C involved in determining the freezing-point depression of snail
haemolymph.

The curves for both populations are very similar in pattern; from fresh-
water to about 4%, the haemolymph is significantly hyperosmotic to the
medium (N = 3 to 11 snails, t = 2.6 to 22.4 and P 0.05); from 4%o to about 18%o,
the haemolymph of Jeziorak snails was isoosmotic to the medium but appears
to be hyperosmotic in Zalew snails, but not significantly so. Above 18%o,
the haemolymph is considerably hyperosmotic to the medium in both popu-
lations although less so in acclimatised snails. However, the differences in
concentration between the haemolymph and medium was significant in only
nine out of 25 Jeziorak snails (N = 3 to 5 snails, t = 2.8 to 19.6 P 0.05) and
in only eleven out of twenty Zalew snails (N = 3 to 5 snails, t = 3.2 to 184,
P 0.05) in the higher sali-mities
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Fig. 1. Survival after 24 hours of adult Potamopyrgus jenkinsi in various salinities,
either after direct immersion (1) or after more than 24 hours acclimatization (2) in
16 %o or 18 %o (1 or 2). A. Zalew Wislany, B. Lake Jeziorak

In these high salinities, the haemolymph osmotic concentrations of in-
dividual snails were very variable in any one salinity and particulary among
those snails not previously acclimatised. This is to some extent revealed in
figure 4 which gives the values for the standard error of the mean for
samples of 3 to 5 snails in various salinities. Above about 18 %o the standard
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Fig. 2. Survival after 24 hours of different sizes of Potamopyrgus jenkinsi from
Lake Jeziorak after direct immersion in various salinities

errors are double or treble the values below 18%.. To some extent this is
to be expected in higher salinities but in these, many of the sub-samples
were not clear and transparent and seemed to contain a certain amount of
“debris”. This may represent some breakdown of control due to shock of
rapid transfer to highly saline media or may be a post-mortum condition
(Fig. 1).

Tablel

The osmotic concentration of the haemolymph or urine in freshwater of Potamopyrgus jenkinsi
from various freshwater and brackish water populations

|
A at?
Locality Meditin N I haemqumph SD SE Author
‘ ’ urine ‘
Lochend Loch (FW) 1 0,03 20 (0.17) 0.21 0.045 | 0.010 | Todd 1964
Lochend Loch (FW) 2 0.03 16 (0.18) 0.22 0.030 0.007 | Todd 1964
Dunbar (BW) 2,4 ‘ 0.01 11 (0.15) 0.17 0.028 0.008 | Todd 1964
Dunbar (BW) 2,5 0.01 14 (0.20) 0.24 0.017 0.005 | Todd 1964
Aldeburgh (BW) 2 1 0.02 3 (0.16) 0.19 0.032 0.018 | Todd 1964
Bathesland (FW) 2 0.01 9 (0.15) 0.17 0.030 | 0.010 | Todd 1964
Zalew Wislany (BW) 3 | 0.01 15 0.21 (0.25) | 0.031 0.008 | Duncan
| Lake Jeziorak (FW) 3 ‘ 0.02 11 0.17 (0.21) | 0.024 0.007 | Duncan
| Lake Labez (FW) 3 l 0.02 10 0.17 0.14 0.012 0.004 | Duncan
| Lochend Loch* 3
| Dunbar snails 2 ‘ — I 0.18 0.15 — - Todd 1964
| | |

* A calculated freezing-point depression based on Tcdd's finding that, in freshwater, the osmotic
concentration of the urine of three Dunbar and eight Lcchend Loch snails was 83% that of their hae-
molymph.

1 at temperature 5°C. 2 at temperature 15°C. 3 at temperature 20°C. 4 in Lochend Loch freshwater
5 in Cambridge lap water.
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centration of the medium in Potamopyrgus jenkinsi from Lake Jeziorak and Zalew
Wislany
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Table I gives a comparison of the osmotic concentrations of the haemo-
lymph or urine in freshwater of Potamopyrgus jenkinsi from various fresh-
water and brackish water populations as measured by Topp (1964) or Duncan;
to the table have been added calculated values for the body fluids not
measured directly, namely, haemolymph in the British snails and urine in
the Polish snails, based on Todd’s finding that, in a freshwater medium, the
osmotic concentration of the urine of three Dunbar snails and eight Lochend
Loch snails was 83% that of their haemolymph.
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Fig. 4. Values for the standard error of the mean haemolymph osmotic congentra-
tion for snail samples in various salinities. A. Zalew Wislany, B. Lake Jeziorak
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The highest values for At of either the haemolymph or the urine were
found in brackish water populations tested in a freshwater medium with
a high calcium content, namely, in Dunbar snails in Cambridge tap water
(with 252.8 mg/1 total solids, Topp 1964); 51 mg/l calcium (WEerL, PanTin, 1931)
or in snails from Zalew Wislany in Warsaw tap water (100 mg/l calcium).
The urine freezing-point depression for other British snails was measured
in soft water (either 39.6 mg/l calcium or 45 mg/l total solids) and were
significantly lower than those for snails kept in Cambridge tap water (Topp
1964). The Polish freshwater snails from Lake Jeziorak, which contains
55.7 mg/1 calcium, and from Lake Labedz, with 69 mg/l calcium, were tested
in Warsaw tap water; the osmotic concentration of the haemolymph of these
was significantly lower than that of the brackish water Zalew Wislany, also
in freshwater (N = 15 and 11, 10; t = 3.74, 3.77; P = 0.002, 0.001). However,
when the osmotic concentration of the haemolymph of Polish freshwater
snails was compared with the calculated values of haemolymph concentra-
tion of the British freshwater (Lochend Loch, Bathesland) and brackish water
(Aldeburgh Dunbar in soft water) populations, the differences were not

significant, despite the difference in calcium content of the experimental
media.
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4. DISCUSSION

Apawms (1942) found that all the tested animals from a freshwater Belgian
population of Potamopyrgus jenkinsi survived for a month the direct transfer
from freshwater to salinities from 2%o to 20%o but only nine of twenty survived
in 22%o and no snails in 24%. However, progressive transfer of these snails
to higher salinities enabled a few animals to survive up to 32% but this
was the absolute upper limit. Topp (1964) tested British specimens of Potamo-
pyrgus jenkinsi belonging to Warwick’s morphological types A, B and C
(Warwick 1952) in four salinities, 25%, 50%, 75%/p and 100°/o sea water from
Millport 32%o. She found that type A snails from freshwater and brackish
water could tolerate direct immersion in 75% and 100° sea water for
between 7 to 10 days only but lived “indefinately” in lower salinities. How-
ever, types B (brackish water) and C (freshwater) survived for only 5 days
in 100% sea water but indefinately in 75%. These results are very similar
to those described in this paper and it seems that the salinity level of between
18—20—22%0 appears to be a characteristic upper survival limit for direct
immersion into saline media for British, Belgian and Polish populations of
Potamopyrgus jenkinsi, irrespective of geographical range or polyploidy.
Thus environmental salinity fluctuations such as from 1.5% to 78% sea
water in 24 hours in the River Leven, Scotland, (Tcpp 1964) or from 3%
to 65% in the Randjer Fjord (Jomansen 1918) are well within its capacity
for tolerance.

Teop (1964) found that Potamopyrgus jenkinsi was hyperosmotic from
freshwater to 100% sea water and that the osmotic balance in freshwater was
maintained in part by the excretion of a urine hypo-osmotic (83%) relative
to the blood. In the two Polish populations studied here, apart from the clear
hyper-osmoticity of the haemolymph in freshwater and up to 4%e, it is dif-
ficult to be certain of this. Between 4%o0 and 18%o, media in which all animals
survived (Fig. 1) and were fully capable of movement (Duncan 1967), in
neither population were any the observed differences between the haemolymph
and the medium significant. Above 18%o, where the mean concentrations of
the haemolymph were considerably greater than that of the medium, only
36%0 (Jeziorak) or 55% (Zalew) of them differed significantly due to very
wide variations in individual measurements; in these salinities, a high pro-
portion of the animals were already dead.

Topp (1964) found that the osmotic concentration of the urine of Dunbar
snails in hard Cambridge tap water (51 mg/l: Wemi. and Pantin 1931) was
significantly higher than that of snails tested in soft water from Lochend
Loch water (39 mg/l calcium) and suggested that this was due to decreased
permeability in water with more calcium. The urine of the other British
snails were measured in soft freshwater and had lower osmotic concentra-
tions than the Dunbar snails in hard freshwater. However, all the Polish
snails were measured in freshwater with a high calcium content of 100 mg/!
and yet the haemolymph osmotic concentration in freshwater of both Jezio-
rak and LabedZ snails were significantly lower than that of the brackish
Zalew snails whereas there were no differences with the calculated haemo-
lymph values for the British snails other than from Dunbar and in hard
freshwater. It appears that some factors in addition to calcium level are
involved here, which may be genetic but do not appear to be related to any
differences between British-Polish populations.
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5. SUMMARY

1. The osmotic concentration of the haemolymph of Potamopyrgus jenkinsi
from Polish freshwater and brackish water populations was studied in various
environmental salinities, by determination of the freezing-point depression.

2. Both freshwater and brackish water snails survived for 24 hours direct
immersion into salinities up to 18% but fewer could tolerate higher salini-
ties, 18%o to 34%c although previous acclimatization in a lower salinity
doubled the survival rate.

3. Both freshwater and brackish water Potamopyrgus jenkinsi were hy-
perosmotic from freshwater to 4%e, apparently isoosmotic from 4% to about
18%o0 and considerably hyperosmotic in higher salinities up to full sea water,
but with great individual variation.

4. When tested in freshwater, the haemolymph osmotic concentration in
freshwater snails was significantly lower than in brackish water snails.
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ABSTRACT

Sodium content in the waters of ponds examined (83 carp ponds) ranged from
05—10.0 mg/1, most frequently 2—6 mg/l, sporadically much more (several tens
mg/1 of the geological or pollution origin). No significant differences were found
in sodium content between spring and late summer, although a considerable
increase in sodium content can be brought about by an intensive evaporation of
water. A positive correlation was found between the amounts of potassium and
sodium in the pond waters.

CONTENTS
1. Introduction and methods 3. Correlation in occurrence of
2. Results; sodium and potassium
a. range of occurrence, 4, Summary
b. frequency of occurrence, 5. Streszczenie
c. changes of sodium content in pond waters 6. References

during vegetation period

1. INTRODUCTION AND METHODS

It is still very little known about the occurrence, and particularly about
metabolism of sodium (Rurtner 1962). However, studies carried out so far
(StiLes 1958) suggest that sodium together with aluminium, silicon, chlorine
and gallium belongs to fundamental life elements of some plants. As the
contents of this component in plants may oscillate within very broad limits,
while the contents of potassium are more or less constant, hence the ratio
K/Na in plants may be very broad, from 1,15 to 1057 (BErRTRAND, PENITZEAU,
1927a, b). The contents of sodium in the dry matter of some halophytes
in Neusiedlersee were found to reach even 5% (ZeLLNER 1926). Potassium can
be replaced by this element, only partially and in particular cases, and the
role of sodium in some physiological activities of plants (e.g. transpiration)
is very important.

This paper is the first attempt to study the range and frequency of occurring
of this cation in pond waters of Poland. The determination of sodium contents
was made with Zeiss flame photometer in spring and at the end of the
productive season 1962, together with determination of potassium (see Opo-
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RcwsKA 1967). Samples of water were collected from 83 carp ponds belonging
to 8 administrative units of the Polish Fish Husbandry. In addition sodium
contents were examined several times in 17 ponds of the fish-farms at
Milicz during the whole vegetation period i.e., from 3 April to 10 September
1962. The materials under discussion (260 determinations altogether) could
not, however, take into account the most interesting, though almost unknown,
biological réle of this element in this environment.

2. RESULTS

A. RANGE OF OCCURRENCE

1. Modrzejowice Unit, voivodship Kielce

Sodium content in pond waters of this unit ranged from 1,0 to 2,9 mg/l
Na in spring, from 0,5 to 2,6 mg/l Na in late summer. The least quantity of
sodium was found in the following ponds; Stary Miyn (1,0 mg/l Na, 4 May 1962
and 5 September 1962) Sycyna (spring 1,5 mg/l Na, late summer 1,2 mg/1 Na),
Grodki 1 (spring 1,7 mg/l Na, late summer 0,9 mg/l Na) and in some other
ponds. In all the 12 investigated ponds (Fig. 1) a diminution of sodium content
was clearly noticeable towards the end of the vegetative period to be ex-
plained most probably by a pronouncedly rainy weather prevailing at that
time.

2. Skepe Unit, voivodship Bydgoszez

The ponds of the husbandry Chalacie belonging to this complex were
characterized by very small oscillations in sodium content both in spring
(1,0—1,5 mg/l Na) and in late summer 1962 (1,3—1,5 mg/l Na), except for
the pond nr. 8, where the sodium amount was 3.1 mg/l Na (Fig. 1). In feneral,
towards the end of the vegetative period the sodium quantity increased
slightly, two ponds being exceptions.

3. Charzykow Unit, Kamienica fish farm, voivodship
Bydgoszcz

The amount of sodium in the ponds of this unit was from 2.0 to 2.7 mg/l Na,
the oscillations being insignificant and similar both in spring and late sum-
mer 1962 (Fig. 1).

4. Lyszkowice Unit, voivodship Lédz

At the end of the breeding season, sodium contents were conspicuously
smaller in the ponds of Lyszkowice (1.7—1.8 mg/l Na) than in the ponds of
Walewice, Przestawice and Psary (2.4—3.4 mg/l Na) where the content was
almost twice as high. This seems to be related with the different character
of the bottom.

5. Zator Unit, voivodship Katowice

Sodium amounts in the waters of this unit were in spring 2.7—4.5 mg/l Na,
reaching in autumn 1,7—3,7 mg/l Na. This conspicuous decrease of sodium
(Fig. 1) towards the end of the vegetative period permits including this ponds
into a group of ponds rather “poor” in sodium. It was correlated with a decrease
in potassium content at this time (Oporowska 1967).

6. Debowiec Unit, voivodship Katowice

Sodium contents in the waters of this unit were relatively low (1.5—3.0
mg/l Na) in spring but this amount grew up at the end of 1962 (1.9—4.2 mg/1
Na, Fig. 1). During 1962, seven ponds of the Milicz Unit, and eight of the Slesin

http://rcin.org.pl



Sodium contents in carp-pond waters in Poland 13

Unit had the highest amounts of this element (3.2—10.0 mg/l Na and 3.1—76.0
mg/1 Na). These last extreme amounts of sodium in pond waters were undoub-
tedly derived from the bottom (Inowrocltaw Basin) and from a considerable
salt content of tributary waters.

10+~ s
- Spring ]L
T N —— The endof summer
il W
%
~5 - \
E’ - /_/_/—/
, —
P e
§ 3
. 2T &
3 S .S s &
’% §’§ < s E 8 3
i & & R § =
g 5 & I >
Number of ponds in fish-farms

Fig. 1. Occurrence of sodium in Polish carp pond waters in spring and late
summer 1962
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3
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Fig. 2. Frequency of occurrence of determined quantities of sodium in varicus
Polish ponds in 1962

As demonstrated by the above given characteristics the sodium content
in Polish pond waters ranged from 0.5 to 76.0 mg/l Na, and there was no
one case in which its amount would fall down to analytical zero in litre.
Setting aside the results connected with the geological character of the in-
flowing waters (saltbearing sources of Inowroctaw) and the pollutions of
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western Pomerania, we can assume the limits of 0.5—10.0 mg/l Na as charac-
teristics amounts of sodium for Polish ponds, with all the higher quantities
caused by artificial or natural pollutions.

B. FREQUENCY OF OCCURRENCE

Figure 2 shows that the most frequent amounts of sodium found in various
pond waters of Poland were 2—6 mg/l Na. Consequently, we shall regard
the quantities of sodium within 0.5—2.0 mg/l Na as “small”, those within
2,0—6.0 mg/l Na as “medium” and those above 6.0 mg/l Na as ‘“large”.

100

Number of experiments —»
3

S~ ————

| 1

] ] == _
4-6 68 810 1072 >12

mg/l Na —>

02 2-4

Fig. 3. Frequency of occurrence of determined quantities of sodium in various Polish
ponds in the season (spring, late summer) 1962
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Fig. 4. Changes of sodium contents in pond water during the vegetation period
compared with the water level of the river Barycz (inflow)
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Figure 3 makes clear that the most frequent amount of sodium found
both in spring and autumn was the same; 2—6 mg/l Na with a great deal
of samples in this range in autumn. It seems that the climatic conditions
have no influence on this cation in this time.

C. SEASONAL CHANGES

Analysis of materials which were collected every month (or more often)
during the whole year 1962 from several ponds of the fish-farms Milicz,
showed that changes in sodium contents of the separate ponds (Tab. 1) during
the productive season were expressed by differences ranging from 1.1 mg/l Na
to 4.5 mg/l Na (ponds: Wilczy Maly and Nasienny I).

Spring The end of summer
6 Ts .
S o § . .
o % =5 . !‘. . .
S,' B ; - 3 g 2 : .o
- . Se .. . .. ' :
2 < R P ol e
) 35K eose 8 . ‘. "
piel i | | | ] | 1 | ] | 1 |
o 2 4 ) 0 2 4 6
K, mgjt — K,mg/l —

Fig. 5. Correlation between sodium and potassium amounts in the Polish carp-
ponds, 1962

In that, thay were approaching the order established for potassium. The
data obtained for the ponds Wrzosowiec Duzy (Unit Wierzchowice) Slowian
(Unit Milicz) and Nasienny I (Unit Radzigdz), seem to point to the fact that
water level of the river Barycz, did not affect, as might have been supposed,
changes found in them (Fig. 4). Most probably intensive evaporation rate
caused by higher air — temperature played an important réle.

3. CORRELATION IN OCCURRENCE OF SODIUM
AND POTASSIUM

Mutual relations of potassium and sodium are represented in Fig. 5.
As may be seen, a correlation between these two cations proved positive,
especially for spring period.

Small sodium contents in pond water may thus indicate its poverty in
potassium and vice-versa.
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Sodium contents in carp-pond vaters in Poland 17

4. SUMMARY

The range of sodium contents in Polish pond waters is 0.5—10.0 mg/l Na,
in some single cases (geological character of salt-bearing inflows, pollution)
goes to the order of some tens milligrames in a litre (Fig. 1).

The most frequent values in this range of occurrence were lying in the
limits 2—6 mg/1 Na (Fig. 2). On this basis quantities within 0.5—2.0 mg/l Na
may be regarded as ‘‘small”, those between 2—6 mg/l Na, as “medium” and
those exceeding 6.0 mg/l Na, as “large”.

A segregation of samples into a spring group and a late sammer group
(Fig. 3) has shown no differences in extreme frequenties of sodium, which
in both periods kept in limits of 2—6 mg/l Na. Greater oscillations in the
content of this element may be brought about, before all, by climatic con-
ditions, among which the chief role seems to play the process of evaporation
(Fig. 4).

There is a positive correlation between sodium and potassium (Fig. 5).

5. STRESZCZENIE

Zawartosci sodu w wodach stawowych Polski leza w zakresie 0.5—10,0 mg/1
Na, a w szczegolnych przypadkach (charakter geologiczny zlewni i zanieczysz-
czenia) siega kilkudziesieciu miligraméw w litrze (rys. 1). Najczesciej napo-
tykane warto$ci w granicach 2—6 mg/1 Na (rys. 2). Na tej podstawie za ,,male”
ilosci sodu przyjeto uwazaé te, ktore leza w granicach 0.5—2.0 mg/l Na, ,$red-
nie” —od 2 do 6.0 mg/l Na, za§ jako ,,duze” — powyzej 6.0 mg/l Na.

Podzial préb na grupe okresu wiosennego i péznego lata (rys. 3) nie wy-
kazal réznic w warto$ciach najczestszych wystepowania sodu, ktéore w obu
okresach napotykano najliczniej w granicach 2—6 mg/1 Na. Wigksze wahania
wywolane by¢ moga przede wszystkim przyczynami klimatycznymi, wsrod
ktérych gléwna rolg wydaje sie odgrywaé parowanie (rys. 4).

Stwierdzono istnienie pozytywnej korelacji miedzy zawartosciami sodu
i potasu wystepujacymi w wodach stawowych.
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ABSTRACT

By measuring the freezing point depression of the perivitelline fluid and of the
yolk of trout eggs developing in water (“W-eggs”) and in paraffin oil (“P-eggs”),
it was found that, whereas in W-eggs a slight hypertony develops in the perivitelline
fluid, the increase in hypertony in P-eggs was much greater, especially towards
the end of development, when a very violent increase occurred. In contrast, the
osmotic pressure of the yolk was approximately constant, similar in both W-
and P-eggs and independent of the osmotic conditions in the perivitelline fluid.

CONTENTS
1. Introduction and problem 5. Summary
2. Material and methods 6. Streszczenie
3. Results 7. References

4. Discussion

1. INTRODUCTION AND PROBLEM

When ripe salmonid eggs are placed in water, water is taken up and the
eggs membranes become separated so that the perivitelline space becomes
occupied with a fluid. During embryonic development there is continuous
inter-change of water and substances between the egg and its external
environment (KrogH, Ussing 1937; KaLman 1959; Zotin 1961; Porrs, PARRY
1964). Until now, measurements of the osmotic pressure of the intramembrane
fluids (SverLrov 1928, 1929) suggest that the osmotic pressure is fairly constant
and differs little from that of the water surrounding the egg.

Earlier work of one of us (DomuraT 1956) whose aim was to determine the
relationship between changes in the egg’s water and the growth of the embryo,
shows that eggs placed in an environment of paraffin oil, that is without
water, can develop up to just prior to hatching although measurements of the
embryos reveal that they are almost twice as small as those of the control,
that the mortality rate of eggs during development is very great and that
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hatching does not follow (Dcmurat 1964b). Moreover, the volume of the
perivitelline fluid decreased considerably in eggs developing in paraffin oil.

The impossibility of water and dilutal compounds exchange with the
external environment in paraffin oil as well as the observed decrease in
the perivitelline fluid led us to investigate the changes in osmotic pressure
in the perivitelline fluid of eggs as the medium directly in contact with
the embryo; both in eggs developing in water and paraffin oil. In addition
we tried to check whether in these environments there are any changes
in the concentration of osmotically active substances in the yolk of the
developing embryos.

2. MATERIAL AND METHODS

Eggs used in these experiments came from female Wdzydze trout (Salmo
trutta m. lacustris L.) captured from Lake Wdzydze (Koscierzyna district,
Gdansk county). The female was stripped of her eggs at the lakeside on
12 Nov. at 15.00. After fertilisation, the eggs were placed in a litre thermos
flask containing iced water and transported to Warsaw. During transport,
which lasted 18 hours, the water temperature varied between 4—6°C and
the mortality was not greater than 1°. When the experiment began, the
embryos consisted of 2—4 blastomeres.

Eggs selected for experimental work on 13 Nov. had their surface water
removed by gently rolling them on filter paper by means of a goose feather.
A sample of ca. 50 eggs placed in 30 10-cm Petri dishes. To 15 of these dishes
was added tap water, previously kept for about two weeks in a large conti-
nuously aerated tank. The eggs, lying on the bottom, were covered with 5 to
7 mm of water. In the remaining 15 dishes a similar amount of paraffin oil
was added instead of water, also covering the eggs with 5—7 mm layer.
All the dishes were covered with lids and placed in a refrigerator, without
light and at temperature of 9.6°—9.8°C for 7 days and later kept at 9.0°+0.5°C;
the temperature was continually recorded.

The freezing-point depression was measured by means of a microcryoscope.
This apparatus is a modified Ramsay (1955) microcryoscope; the main modifi-
cation consisted of a frame capable of holding at the same time 30 capillaries
(KLexowskr 1963); the possibility of moving both the frame and the mi-
croscope permitted good observation of all the capillaries. Despite the un-
favourable opinion of Ramsay (1955), a polarising filter was used, with
a polarisor directly in front of the lamp and an analyzer lying between
the microscope objective and the ocular. The polarising greatly improved
the differentiating capacity of the microscope and was particularly useful
for perceiving the very small crystals of ice, whose final melting it is very
important to observe. When the temperature was approaching the expected
melting point, its increase was slowed down to about 0.01°C per 2 minutes;
the temperature was read to within 0.005°C.

After their removal from the Petri dishes containing either water or
paraffin oil, the eggs were again gently rolled on filter paper with a goose
feather in order to remove the water or oil. The eggs were placed singly in the
hollowed glass plates with paraffin oil; here with the aid of binocular magni-
fication, they were grasped gently with forceps in such a way that the animal
pole lies to one side thus ensuring that the perivitelline space lies also on
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the side. The yolk membrane was perforated; for this the best instrument is
a selected cactus spine fastened with sealing wax to a glass rod. From the
opening made in the membrane a drop of perivitelline fluid passes into the
surrounding paraffin oil and is then drawn up from under the paraffin into
glass capillaries; these glass capillaries had one narrowed and fused end
which was broken off just before the fluid samples were taken.

The yolk itself was also collected in this manner, i.e. using capillaries with
one narrowed and fused end, also broken until just before use, so that it could
be quickly inserted right into the centre of the yolk sphere. The yolk fluid
flowed up the capillary until a rapid movement removed it from the egg.
Only the yolk from the centre of the sample in the capillary was used for
freezing-point determinations.

The perivitelline and yolk fluids collected in this manner were then
blown out into a series of oil-filled small depressions in a glass plate. When
a series of such samples had been collected on any given day, they were
transferred to the measuring capillaries in the following manner. On the
end of a bent glass tube with a rubber tube mouthpiece was placed a mea-
suring-capillary (() = 0.1—0.2 mm); by gentle sucking and blowing, about
10 to 20 specimens of the fluid from one sample separated from each other by
paraffin oil were drawn up; it was important that length: width ratio of these
fluid specimens was about 1—2.

In addition to the yolk and perivitelline fluid, the following fluids
were also sampled in order to determine their freezing point depression.
Firstly in the neighbourhood of the eggs developing in paraffin oil, some
fluid tended to collect which created bridges between eggs lying in contact.
This fluid either has been secreted by the developing eggs or consists of rem-
nants of the water on the surface of the eggs left even after drying them on fil-
ter paper; however, such bridges were not created immediately after placing
the eggs in paraffin oil. Secondly samples of the water from the Petri dishes
in which the eggs had developed were taken for freezing-point determi-
nation.

It often happened that the perivitelline and yolk fluids became conta-
minated with each other during collection; such samples were rejected and
no determinations made upon them. Also ommitted from the final results
were those samples whose freezing-point depression indicated quite clearly
that such a mixing of perivitelline and yolk fluids occurred, although not
observed during the taking of the samples. The number of utilized deter-
minations of freezing-point depression was 231.

Both in water and in paraffin oil the survival rate was 100°% during the
first two weeks of development. After this period, only those eggs with
embryo in which heartbeat was perceptible were selected for determinations.

The stage of development of individual embryos is given in terms of
day degrees that is, the sum of products of number of days of development
and temperatures. This way of expressing the age of embryos has often been
used (e.g. EmBopy 1935; Liusrrzkr 1934/35; Orska 1956) and is both a simple
and comparative expression of the physiological age of fish embryos. The
characteristic periods of development were established by analysing all eggs
used for freezing-point depression measurements fixed in Bouin’s fluid and
preserved in 75% alcohol.
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3. RESULTS

The results are illustrated in Table I which gives the mean values as well
as in Fig. 1 giving individual points for each determination together with
the mean values. These suggest the following interpretation.

1. In eggs developing in water, the osmotic pressure of both the peri-
vitelline and the yolk fluids maintained themselves at an approximately
constant level throughout the whole period of development. The absolute
deviations of values of freezing-point depression were similar in both investi-
gated parts of developing eggs: from 0.010° to 0.050°C for the perivitelline
fluid and from 0.545° to 0.580°C for the yolk itself. Thus, the osmotic pressure
of the perivitelline fluid is higher than that given by Sverrov (1929).

Tablel

Freezing-point depression of the perivitelline fluid and yolk in trout eggs developing in water
and in paraffin oil

Freezing-point depression averages At”-10~*
tage of develop-
D Day ,S.:,eft both in wl:_ Dei\;'lel;:tr: rent Development in paraffin oil
ate | 4 X :
egrees | ter and in paraffin
oil Pe!'ivit iod Yolk Culture | | Perivit- Yolk “Bri::’l-
ellinum water | ellmum I ges
|
23.XI 104 | 3/4 of epibolie 17 25 ] 548 30 |
26.XI 131 | closing of blastopore 27 10 51 40
30.XI 167 23 5 68 40
6.XI1 221 | beginning of pigmen- 22 554 10 52 545 40
tation
10.XII | 257 |pigmentation 28 559 15
15.XI1I 302 40 572 25 |
16.XI1 311 89 553 70
18.XI1 329 26 556 15 98 554 ’
22.XII 365 42 555 35 109 554 105
29.XI1I 428 31 548 25 188 557 |
2.1 468 |beginningof hatching |
in water \
4.1 473 30 552 30 263 548 ’ !
| |

2. During the closure of the blastopore (after about 130 day degrees after
fertilisation) there occurred a period of hypertony of the perivitelline fluid
by about 0.020° which lasted until about 300 day degree. Then, the hypertony
of this fluid became less and, just before hatching, the fluid was isotonic
with the external medium. This period of hypertony (from 130 to 330 day
degrees) is quite a clear phenomenon as all the samples of perivitelline fluid
were at that time hypertonic to the external medium.

3. The osmotic hypertonic pressure of the perivitelline fluid of eggs develop-
ing in paraffin oil was considerably higher than those in water, at least from
130 day degrees onwards (as earlier determinations were not made). In these
eggs in paraffin oil the freezing-point depression of the perivitelline fluid
increased throughout the developmental period and particularly from 300 day
degrees onwards. During the closure of the blastopore, the freezing-point
depression of the perivitelline fluid in eggs in oil had a mean value of about
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0.050°C, compared with 0.030°C in eggs in water and, during the period when
hatching began, it was about 0.250°C in eggs in oil compared with 0.030°C
in water.

4. However, the osmotic pressure of the yolk of eggs from paraffin oil did
not differ from that in eggs developing in water. During at least the latter
half of the developmental period (220—470 day degrees) the yolk osmotic
pressure remained at more or less the same level (about 0.550°C).

For developing embryos, the perivitelline fluid represents the external
environment from which it is completely independent osmotically. The osmotic
pressure of the embryo is in fact considerably higher than that of the
perivitelline fluid, about 30 times in eggs developing in water. Even after 470
day degrees, when the osmotic pressure of the perivitelline fluid in eggs deve-
loping in paraffin oil is about 8 times higher compared with eggs in water,
the yolk freezing-point depression is still maintained at a constant level.

5. “The bridges”, that is, the fluid connections between the eggs ceve-
loping in paraffin oil, behave osmotically in a manner analogical to that of
the water in which the eggs were developing. In comparison with “bridges”,
the perivitelline fluid is slightly hypertonic,

6. The great increase in the osmotic pressure of the perivitelline fluid
in eggs developing in paraffin oil may be due to products of material exchanges
accumulating in the perivitelline space when the egg is in a water-less
environment of paraffin oil. On the other hand the considerable decrease
in the volume of the perivitelline fluid (DcmuraT 1964a) (it could be associa-
ted with “bridges” formation?) favours an increase in the osmotic pressure
of the perivitelline fluid.

Although metabolites accumulating in the perivitelline space of eggs
developing in paraffin oil hardly influence the osmotic pressure of the embryo
interior, but their toxic action may poison the embryo and, in consequence,
weaken its development, reduce its size and cause a high egg mortality
during their development (DomuraT 1956). Observations of the heart beat from
130 day degrees onwards shows that it is slower and weaker in embryos
developing in paraffin oil.

4. DISCUSSION

Very little research has been carried out on the freezing-point depression
of the perivitelline fluid of salmonid eggs; usually, the work that has been
was carried out on homogenised eggs (e.g. Bccuckr 1930; Gray 1920;
RunnstrOM 1920) so that it was probably very difficult to collect this fluid.
In this respect, the work of Sverrcv (1928, 1929) is classical and often cited
by modern authors (e.g. PrescctT 1955; KaLman 1959; Zcmin 1961). In this
work, SverLov found that the freezing-point depression of the perivitelline
fluid in eggs of river trout (Salmo trutta m. fario L.) is constant, at 0.02°C,
throughout the whole development. Our experiment shows that the freezing-
point depression of the perivitelline fluid in the eggs of Wdzydze trout
(Salmo trutta m. lacustris L.) is close to the values given by SverLov during
the first half of the development although always higher than the freezing-
point depression of the water in which the eggs developed. (SveLtov states
that the freezing-point depression of the perivitelline fluid is always equal
to that of the water surrounding the eggs.) However, in our experiment, the
value of the freezing-point depression of the perivitelline fluid falls just
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before the end of development to attain isotony with the surrounding water.
This decline in hypertony of the perivitelline fluid could be associated with
increased permeability of the outer egg membrane, a change invoked by the
appearance of the enzyme hialuroniddase, which decreases the cohesion of the
membrane (Buznikov 1959). These small but nevertheless existing and re-
gular changes in the freezing-point depression of the perivitelline fluid may
have been missed in SverrLov’s experiments (1929) because of the method
used to measure the freezing-point depression and because only a few not
very frequent measurements were made. Thus, the demonstration of such
changes in the freezing-point depression suggests care in using those results
of Svetlov which give the calculated percentage of the perivitelline fluid in
relation to the total egg mass at different stages in development, because
they are based on the erroneous idea that the freezing-point depression of
both the perivitelline and yolk fluids does not change during the development.

The increase in the osmotic pressure of the perivitelline fluid of eggs
developing in paraffin oil and its growth during development certainly con-
nected with lack of possibility of water exchanges with the environment.
Any accumulation of metabolites in the perivitelline space most probably
has the effect of increasing the freezing point depression of the perivitelline
fluid. Equally, any reducing of volume of the perivitelline fluid in eggs
developing in an environment of paraffin oil (DomuraT, 1964a) will increase
his osmotic pressure. A great increase in the osmotic pressure of the peri-
vitelline fluid in eggs developing in paraffin oil (about 8 times compared
with eggs developing in water) could be one of the factors preventing hatching
of salmonid fish embryos in this environment.

5. SUMMARY

The freezing-point depression of the perivitelline fluid and yolk was deter-
mined in trout eggs developing in water (“W-eggs”) and in paraffin oil (“P-eggs”).

The perivitelline fluid of W-eggs were slightly hypertonic in comparison
with external environment, during the second half of their development.
The perivitelline fluid of P-eggs (at least from ca. 130 day-degrees) had an
osmotic pressure which was considerably higher than that of W-eggs. This
pressure in the P-eggs increases as the embryo’s development advances until
it reaches a freezing-point depression of 0.250°C (it is 0.030°C in W-eggs at
a comparable stage). The cause of this increase in pressure in P-eggs is
certainly the accumulation of metabolites which cannot be passed out into the
water-less environment of paraffin oil. These accumulated metabolites poison
the embryo, weaken its development and increase mortality.

The osmotic pressure in the yolk is constant throughout (the freezing-
point depression is about 0.550°C) and was not different in the W-eggs and
P-eggs. The embryo is certainly independent osmotically from the conditions
prevailing in the perivitelline fluid.

6. STRESZCZENIE
Oznaczano obnizenie punktu zamarzania plynu okolozoéitkowego i zoélttka

jaj troci rozwijajacych sie w wodzie (jaja ,,W”) i w oleju parafinowym
(jaja ,,P”).
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Plyn okolozéitkowy jaj ,,W” byl lekko hypertoniczny wobec $rodowiska
zewnetrznego w ciaggu drugiej polowy okresu rozwoju. Plyn okolozéltkowy
jaj ,,P” mial co najmniej od ok. 130 stopnio-dni (D°) — ci$nienie osmotyczne
znacznie wyzsze niz w jajach ,,W”. Cisnienie to w jajach ,P” wzrasta w miare
postepujacego rozwoju zarodkéw az do A t°~ 0,250° (w jajach ,W” w tym
czasie A t°~ 0,030°). Powodem tego wzrostu ci$nienia w jajach ,P” jest za-
pewne gromadzenie sie metabolitow, ktoére nie moga byé wydalane do bezwod-
nego Srodowiska zewnetrznego. Metabolity te zatruwaja zarodki powodujac
stabszy ich rozwdéj i wieksza $miertelnosé.

Cisnienie osmotyczne w zéltku bylo w zasadzie stale (A t°= 0,550°) i nie
réznilo sie u jaj ,,W” i ,,P”. Zarodek jest zapewne niezalezny osmotycznie od
warunkéw w plynie okolozoltkowym.
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ABSTRACT

Investigations concerned the distribution (number of species and density of larvae
per m? of Plecoptera and Ephemeroptera in the Tatra Mts. and the Bieszczady
Mts. (the Carpathian Mts.). It was found that distribution varies with altitude above
m.s.l. changes. The distributicn of larvae is also variable in different conditions
of water current speed.
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1. INTRODUCTION

Data on the vertical range of individual Plecoptera and Ephemeroptera
species in mountain waters are contained in numerous faunistic papers.
Recently, the interest of some investigators has been focussed on the problem
of species succession along the course of the stream (e.g. ILLies 1952,
BerTeELEMY 1964). The classification, by IrLies (1953) and ILries, Boro-
SANEANU (1963), of running waters into limnological zones, was based, pre-
cisely, on the phenomenon of the Inwvertebrata species, broadly including
Plecoptera and Ephemeroptera.

The present observations on the occurrence of Plecoptera and Ephemerop-
tera in relation to the altitude above m.s.l. are based on the material collected
from two areas in the Carpathian Mountains. Special attention was devoted
to the changes in species number as well as larvae density per m* relative
to altitude changes. The vertical range of individual species was treated
only as the starting point for considerations, while the question of .the vertical
zonation of species was entirely omitted. Use was also made of additional
data provided by recent, fairly numerous publications dealing with the
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Carpathian fauna*, excluding, however, as inconsistent with the scope of this
work, areas situated outside the Carpathian Mountains.

Some essential changes of the abiotic factors in mountain waters occur
together with altitude changes. The influence of thermal conditions on the
distribution of Plecoptera and Ephemeroptera has been discussed in an
earlier paper (KamLER 1965). At present, attention was given to the importance
of the current speed of water. The opinion as to the importance of water
current for stream fauna is shared by numerous authors. Hynes (1941) and
Brinck (1949) placed water current first among the factors they enumerated
as influencing the stream fauna. IrrLies (1955) reports that the occurrence
of Plecoptera shows a close relationship with water flow conditions, and
PurLLipson (1956), basing on investigations of factors conditioning the distri-
bution of Simulium ornatum wmc larvae, states that water flow is more
important than oxygen concentration.

Among the various problems concerned with the importance of water
current speed in relation to water fauna, only one was chosen, viz. the
changes of species number and density of Plecoptera and Ephemeroptera
with different current speeds.

2. THE TERRAIN AND METHODS

Investigations covered the Tatra and Bieszczady areas of the Carpathian
Mts.

The Tatra Mts. consist of crystal and sedimentary rocks. Their glacier
formed relief is typical for high mountains, with glacial cirques, lakes,
U-shaped valleys and glacial thresholds, and with moraine ridges heaped at
the foot of the mountains. In the Polish region of the Tatra the highest peak
Rysy rises 2499 m above m.s.l. Only in some places forests form compact
areas. Investigations were performed over the entire Polish area of the
Tatra, viz. the High Tatra Mts. (with main attention devoted to the Roztoka
stream basin), and the Western Tatra Mts. (with particular consideration given
to the Olczyski stream basin).

The Bieszczady Mts. were formed out of sandstone and slate banks. The
relief-forming process produced mountain chains with moderately steep slopes
and a gentle ridge line. The Quaternary did not essentially affect the Biesz-
czady relief. The mountains are not high: in the Polish region, their highest
peak Tarnica rises 1348 m above m.s.l. Large areas of the Bieszczady are
covered with forest. Investigations were centred in three places: the vicinities
of Duszatyn (western part of the Polish Bieszczady), Kalnica (central part),
and Ustrzyki Goérne (eastern part).

In consideration of the above differences between the Tatra and the
Bieszczady, the respective differences of their hydrologic conditions are
evident. Bieszczady have no high mountain lakes, of which there are many
in Tatra. In comparison with Tatra, the streams in Bieszczady form more
numerous stagnant waters, of larger surfaces and finer grained bottom.
Maximum speeds of water flow at the places of quantitative sampling from
stony habitat were found 1.41 m/sec. in Tatry, and 0.50 m/sec. in Bieszczady.

The work was based on material of about 4500 specimens of Plecoptera,

* See Table I.
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and about 5500 specimens of Ephemeroptera, contained in 176 qualitative
samples, and 396 quantitative samples taken in Tatra, and in 134 quantitative
samples taken in Bieszczady. A part of this material was used by KAMLER
(1960, 1962, 1964) for the study of fauna distribution, and (1965), for the study
of the importance of temperature conditions. Qualitative sampling was per-
formed in the Tatra, in the months of: January, February, March, May,
July, August, September and October, 1954 — 1963. Quantitative studies were
carried out in Tatra in July and August 1957, in Bieszczady —in June and
September 1963. Investigations covered 40 streams and 11 lakes in Tatra,
and 8 streams and 12 pools in Bieszczady.

Quantitative capture of larvae was performed using methods fully described
by KamLER, RiepeL (1960). In the stony habitat, whole stony material was twice
scooped out by pulling a metal-frame sieve the required distance against
the current. From detritus, gravel, sandy and muddy bottom, samples were
taken using a bottom sampler pushed into the substrate; from moss, 10 x 10 cm
pieces were cut out under water; from among macrophytes, larvae were
collected over the determined area, using a net. Adult insects were also
caught.

Investigations on the species distribution at various altitudes were perfor-
med in the 500—2039 m range. The altitude of each sampling was read from
the map with up to 50 m difference accuracy.

Water current speed measurements were achieved by means of fivefold
surface flow measuring using a float, then mean speeds were calculated for
the particular verticals (Krimaszewsk: et al. 1954). Use was also made of
sodium fluorescein.

3. RESULTS

Data on the vertical distribution of Plecoptera and Ephemeroptera species
found by the author in Tatra and Bieszczady are shown in Table I. Compli-
mentary data for the entire Carpathian area reported by other investigators
are also included. As it can be seen, the occurrence of some species is limited
to low and medium levels, while others, characterized by a wide range of
vertical distribution, are found at low, medium and high levels. Among these
latter, some species count a considerable number of specimens. This refers
to the species No. 26, 27, 33, 34, 35, 37, 39, 42, 43, 47, 49, 77, 78, 79, in Table I.
It is interesting to note that no species were found occurring exclusively
at high altitudes. At these, the existance was stated only of the vertically
wide distributed forms. The above observations apply to both Plecoptera
and Ephemeroptera

Most Plecoptera species (Fig. 1Aa) were found in the areas situated at 800—
1700 m. Most of the Ephemeroptera species (Fig. 2Aa) were observed below
700 m. Above 1700 m, the numbers of Plecoptera and Ephemeroptera species
are small and rather similar. Changes in Plecoptera (Fig. 1Ab) and Ephe-
meroptera (Fig. 2Ab) density are highly similar to the changes in the number
of species.

Investigations covered the changes in density of larvae per m? of various
Plecoptera and Ephemeroptera species inhabiting boulders, stones, gravel,
sand, mud and detritus in streams, relative to changes in water current speed.
Moss environment was omitted, in consideration of its specific flow condi-
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Species Altitude above m.s.l.
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* Data on the vertical distribution of species, taken from: Bocoescu (1958),
BoGogscu, TaBacaru (1957), BorosaNEaNu, TaBacaru (1963), Ciszek, SOSINSKA
(1965), Despax (1935), DzigpzieLewicz (1917, 1918), Hrase (1942), Kra-
PALEK (1904), Kownacka, Kownackr (1965a, 1965b), Kownacki, KowNACKA
(1965), MikuLskr (1935, 1937), Mrron (1964), Mocsary (1899), Nowacka (1965),
OBr (1955, 1956, 1963), Pawrowskr (1959), PonGrAcz (1919), RauSer (1956a, 1956b,
1957a, 1957b), ScHoENEMUND (1930), Sowa (1961a, 1961b, 1962, 1965), WiINkLER (1957),

Woaras (1964), ZeLiNnkA (1953, 1959).
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Fig. 1. Plecoptera distribution at various altitudes above m. s. 1
A — data based on the present work, from the Tatra and the Bieszczady: number of spe-

cies (a), larvae density per m? (b}, B — number of species in the Carpathian Mts., basing on
literature: BOTOSANEANU, TABACARU (1963), from the Fagarasch Mts. (1), NOWACKA (1965),
from the Dunajec River (2), WoJras (1964), from the Tatra Mts, and Podhale region (3).
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Fig. 2. Ephemeroptera distribution at various altitudes above m. s. 1
A — data based on the present work, from the Tatra and the Bieszczady: number of spe-
cies (a), larvae density per m! (b), B — number of species in the Carpathian Mts., basing

on literature: BoTOSANEANU, TABACARU (1963), from the Fagarasch Mts. (1), CISZEK, SOSINSKA
(1965), from the Dunajec River (2).
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tions. Histograms illustrating the above changes are shown in Fig. 3. The
results obtained with regard to species listed in brackets should be under-
stood as uncertain being based on unsufficient number of tests (< 9). The
figures denote weighed averages of water current speeds (m/sec.), calculated
using the formula:

s mX,+n:X2+ ... +NgXs
Sl 5

n;+n+ .- +ng

where x,, X, . . . X, denote classes of water current speed (0,0, 0,1...> 1,0 m/sec),
N1, Do raivevs ns denote density of larvae in respective classes of water current
speed.

As it is seen from Fig. 3, both Plecoptera and Ephemeroptera species are
grouped under four types, characterizing their different patterns of attach-
ment to water current speed.

Type I Stagnant water species, mostly found, as regards the investigated
area, in lakes and pools. Exceptionally occurring in streams, avoiding, however,
fast water current speeds.

Type II. Species of which a small number of specimens was found in
narrow range of slow water current speeds.

Type III. Species inhabiting slow and moderate current speeds. In
general, the density of larvae is medium, excepting for the Habrophlebia
fusca which occurred in great abundance in the current speed class of 0,1 m/sec.

Most of the Plecoptera and Ephemeroptera species are grouped in the above
type. The density of some species decreases with the increase of water current
speed (e.g. Leuctra braueri, Habrophlebia fusca, Ecodyonurus lateralis, Ephe-
mera danica), while that of other species increases (e.g. Ephemerella ignita,
Baetis scambus, Caenis macrura, Baetis rhodani)—Fig. 3. No directional
changes in density relative to the water current speed increase were obser-
ved for some of the species (e.g. Perla burmeisteriana, Leuctra fusca, Perlodes
intricata, Ecodyonurus venosus, Torleya major, Caenis rivulorum, etc.).

Type IV. Species represented by high numbers of specimens over the
wide range of current velocities. Only Protonemura nitida was found to
comprise a small number of specimens. This species emerges in late autumn.
In the summer period, when quantitative investigations were performed,
it occurred as very young larvae, which, at this stage of their development,
were found in considerable quantity in moss environment unaccounted for
in the present considerations. Moreover, part of the larvae, considering their
small size, could have escaped attention in the course of sampling. In this
type, similarly as in the previous one, for some species, the density of larvae
decreased with the increase of water current speed (Rhitrogena semicolorata),
for some others it increased (Protonemura montana and Baetis carpaticus),
and for still others it was not susceptible to any directional changes (Leuctra
armata, Leuctra inermis, Isoperla sudetica, Protonemura nitida).

Closer attention was devoted to the distribution, under various current
speed conditions, of the Type III and IV species of which the density neither
decreased nor increased directionally relative to the increase of current
speed. It was observed that for most of these species, the density is lower
in the range of moderate current velocity as compared to that encountered in
faster and slower current conditions. Thus, e.g. in the case of Leuctra armata
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Fig. 3. Density
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with current speed of m/sec: 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 the average number
of larvae density per m2 was: 32 7 2 3 3 1 40 1, respectively.

Density drops in medium current are exemplified by histogram contrac-
tions in Fig. 3. For 16 species, a comparison was made of current speeds
at which density drops were observed. Most frequently, the drop occurs at
0.2—0.5 m/sec. current speed (Fig. 4a). It is interesting to note that most
of all Ephemeroptera and Plecoptera species were, simultaneously, found in
precisely the same current speed range (Fig. 4 b and c).

T

18

Number of species
ok Shany

>

1 1 | 1 1 1 1
0 O Q2 B0 04705, 08 a8 08 10 RRIY
Water current speed , mjsec ——

Fig. 4. Number of species in relation to water current speed in Tatra and Biesz-
czady streams
a — number of Plecoptera and Ephemeroptera species from type III and IV, of which the
density, in the particular, moderate current speed class, is inferior to that in slower and fa-
ster current, b — total number of Ephemerop:era species, ¢ — total number of Plecoptera
species.

Most of the larvae found in Tatra streams belonged to type IV: among
Plecoptera, these amounted to 86% of the total number of collected larvae;
among Ephemeroptera —to 99.3%. In Bieszczady streams, however, type III
species were predominant: Plecoptera — 89%, Ephemeroptera — 83.5%.

The above data are based on material collected from streams. The Tatra
lakes are mainly inhabited by species accounted within type I. Nemurella
picteti amount to 40%o, Diura bicaudata to 16% of Plecoptera larvae collected
from lakes, while Ameletus inopinatus —to 84% of Ephemeroptera larvae.
All the above species are also occurring in streams, being, however, restricted
to slow water speed habitats. Average values of current speeds at which
the species were found are low (Fig. 3). In streams, slow speed areas are rare.
The said species represent a small percentage of the fauna collected from
streams which do not outflow from lakes: Nemurella picteti 6.9%, Diura
bicaudata 3.1%0, Ameletus inopinatus 0.9%.
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4. DISCUSSION

The vertical range of species, such, as presented in Table I (dashed rec-
tangles) may be incomplete. It depends on the quantity of the collected ma-
terial, on the uniformity of sampling at various altitudes and in various
seasons and, finally, on the vastness of the area under investigation. For
this reason it was considered proper to supplement it with additional data
found in 35 papers of other authors, covering the Carpathian area (lines).
It is interesting to note the absence in Tatra of species apparently exclusively
inhabiting high altitude areas (see also Woisras 1964). Probably, the lack of
typically high mountain forms is characteristic for central and northern
European mountains. According to Rauser (1962), these mountains had been,
during pleistocene, under a strong glacier influence, and, contrary to the
Mediterranean area mountains, the Alps and the Caucasus, include few endemic
forms of local origin. Most of the species inhabiting Carpathian Mts. have
reached them from the refuges lying in the south, east and west at the time
of the glacier’s leaving. Some of them, overcoming on their way the lower
mountain parts, have reached the high mountain Carpathian area (species
occurring over a wide range of altitudes — Tab. I). The post-glacier climate
warming up reduced but slightly the occurrence of the most cold-water spe-
cies in lower situated areas (Tab. I). The fact of the wide range species
being the quantitatively predominant element of the fauna seems to speak
in favour of the geohistorical interpretation of the lack of typically high
mountain forms within the area under investigation. The situation is re-
versed in Caucasus. MarTynov (1928) and ZuiLrzova (1956, 1957, 1958, 1960,
1961, 1964) have discussed several Plecoptera species being endemic for these
mountains. These species occur only in the high mountain area. One may
conclude that their vertical occurrence, restricted to high mountain areas,
is a characteristic feature of the endemites. The above conclusion represents
a development of the theory of MarTynov (1922), who, among the Trichoptera,
distinguished lowland species of geographically broad distribution and moun-
tain species of narrow horizontal distribution. For Ephemeroptera, MARTYNOV’S
conception (1922) was, in broad outline, confirmed by TscuHeErNova (1941).
One should not, however, assume the occurrence of all endemites to be limited
to the high mountain area. It was reported by Ikonomov (1960), investigating
on Ephemeroptera of Macedonia, that only some of the endemites showed
typically high mountain area occurrence. The vertical distribution of other
species was similar to that of the non-endemic forms.

The curves of species number changes at various levels within the presently
investigated area (Fig. 1 Aa and 2 A a) are, in general, similar to analogical
ones basing on material collected in the Carpathian Mts., as reported by
other authors (Fig. 1B and 2B). As it is seen, in the Carpathian Mts., maximum
occurrence of Plecoptera lies above 800 m, of Ephemeroptera below 700 m.
Sowa (1965), similarly, in the Wielka Puszcza stream (Beskid Matly) flowing
at 720—305 m level, observed a preponderance about 2 :1, or 3:2 Ephemerop-
tera to Plecoptera per cent ratio, fairly constant throughout the year.

Water current has both direct and indirect effect on freshwater com-
munities, which was stressed e.g. by Macan (1961). The direct influence of
water movement is, among other effects, mechanical, by causing fauna
displacement, and by affecting fauna respiration and feeding functions. Earliest
attention was devoted to the mechanical influence of water movement on
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animals. According to SteinmANN (1907), stagnant waters had been the
original habitat of stream animals. After immigration into streams, the same
species developed morphological adaptations involving their resistance to
water movement, and, particularly, body flattening. STeEINmMANN’s opinion
was broadly accepted (Bropski 1935, SteINBERG, 1935, Czarik 1951). The
above interpretation of animal resistance to water current was, however,
critically evaluated by Porovici-Baznosanu (1928). It was demonstrated by
him that the morphological adaptations, as reported by SteInmMANN, do not
account for the resistance of animals to water current, and appear as well
in organism confined to stagnant waters. Porovici-Baznosanu suggests that
the resistance causes result from physiological adaptations. The latter conclu-
sions found support in the experiments of Dorier, VaiLLant (1954). AMBUHL
(1959) emphasizes on the hiding of animals in places of limited current speed,
i.e. layers situated a few millimeters directly above the surface, and the so
called dead waters, mainly situated behind an obstacle. Resistance differences
of various organism to current speed consist on their different behaviour
when penetrating a fast flow water area.

The results of the present work seem to confirm AmsunL's theory. The
largest number of species were found, precisely, within the range of slow and
moderate current (Fig. 3, Fig. 4b, c¢), while none were reported to inhabit,
exclusively, fast current speed areas. The method applied for investigation
was, however, in some degree inaccurate. The histograms (Fig. 3) of density
relative to water current speed may be incomplete, particularly with respect
to the sporadically occurring species. Thus, e.g. Dinocras cephalotes (type II)
is here reported from a 0.3 m/sec. current speed class, while it was found
by Sowa (1965) within the 0.4—0.5 m/sec. range, and, moreover, by Kow-
Nacka, Kownackr (1965 b), from very fast, fast and slow water current.
This may suggest a shifting of the above species to type III or even to
type IV. Further investigations would, therefore, probably lead to modifying
the picture of species distribution in relation to flow conditions, as shown in
Fig. 3, particularly in the case of type II accounted species.

Another weakness of the applied method lies in the impossibility to
eliminate, from the results, the effect of other factors, as well as the impos-
sibility of an authoritative evaluation of their influence. Thus, e.g., one may
only suppose that larvae density drops, occurring in some species only at
0.2—0.5 m/sec. current speeds (Fig. 3, Fig. 4a), are related with the increased
competition phenomenon, since, in the above zone, the number of species is
the largest (Fig. 4b, c¢). For this reason, it was considered justified not to
endeavour any detailed interpretation of the quantitative distribution of indi-
vidual species, and to limit the scope of this work to a division of the
species under investigation into distinctly differentiated distribution types.

The adopted division seems to be supported by the marked quantitative
predominance of species accounted to type III in the slower Bieszczady
streams, and that of type IV in the faster Tatry streams.

From a comparison of Fig. 3 and Table I it is evident that all species
inhabiting the broad water current range (type IV), simultaneously show
a broad vertical distribution. On that basis, however, one may not conclude
on the homogeneous influence of the altitude and water current speed re-
lation on fauna distribution: all of the type I species also show a broad ver-
tical distribution range. The above species were found in high elevated
Tatra lakes, but, moreover, were also met within lower situated streams,
in habitats where conditions were favourable to them.
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5. SUMMARY

A total of 530 quantitative and 170 qualitative samples of Plecoptera and
Ephemeroptera were collected from streams, lakes and pools in Tatra and
Bieszczady (Carpathian Mts.). Evaluations of altitude and of water current
speed were performed simultaneously. Some of the species are occurring
at low and medium altitudes. Other species inhabit both low and high altitude
areas, a great many of them occurring in considerable quantities. No typically
high mountain species were found (Tab. I). Maximum occurrence, both quanti-
tative and qualitative, of Plecoptera was reported above 800 m (Fig. 1), of
Ephemeroptera, however, below 700 m (Fig. 2). The larvae density per m2
was investigated in habitats of various current speed. Four types of distri-
bution were distinguished: I — stagnant water species, exceptionally occurring
in streams, II — species sporadically encountered in slow and little different-
iated current speed areas, III — medium numerous species inhabiting slow
and moderate current speed ranges, 1V — species found in large quantities
in slow current, as well as in fast current conditions. No species inhabiting,
exclusively, fast flowing waters were found (Fig. 3). Most species were
encountered in the zone of 0.2—0.5 m/sec. velocities, in which range the
density of some of the type III and IV species is inferior to that found in
slower and faster speed areas (Fig. 4). Among the larvae collected in Biesz-
czady (lower mountains) most belonged to type III, in Tatra-to typzs IV.

6. STRESZCZENIE

Zebrano 530 prob ilosciowych i 170 jakosciowych Plecoptera i Ephemerop-
tera z potokdéw, jezior i malych zbiornikéw w Tatrach i w Bieszczadach (Kar-
paty). Jednoczesnie dokonywano pomiaré6w wzniesienia i predkosci przeplywu
wody. Niektore gatunki wystepuja na wzniesieniach niskich i srednich. Inne
gatunki wystepuja zaré6wno na wzniesieniach niskich, jak i wysokich, wiele
z nich wystepuje bardzo licznie. Gatunkéw typowo wysokogoérskich nie zna-
leziono (Tab. I). IloSciowe i jako$ciowe maksimum wystepowania Plecoptera
lezy powyzej 800 m (Fig. 1), zas§ Ephemeroptera ponizej 700 m (Fig. 2). Badano
zageszezenie larw/m?2 w potokach w réznej predkosci przeplywu. Wyr6zniono
4 typy pradolubnosci: I — gatunki woéd stojacych, w potokach wystgepujace
wyjatkowo, IT — gatunki, ktére sporadycznie spotykano na powolnych i nie-
zbyt zréznicowanych predkosciach przeplywu, III — gatunki Srednio licznie
zamieszkujace powolne i $rednie predkosci przeplywu, IV —gatunki bardzo
licznie reprezentowane w warunkach zaréwno lotycznych, jak i lenitycznych.
Nie znaleziono gatunkéw zamieszkujacych wylacznie wody szybkopiynace
(Fig. 3). Najwiecej gatunkéw spotykano tam, gdzie predko$¢ przepltywu byla
0,2—0,5 m/sek, w tej strefie niektéore gatunki z typu III i IV wystepuja
w zageszczeniu mniejszym, niz na przeplywach powolniejszych i szybszych
(Fig. 4). W Bieszczadach (goéry nizsze) zlowiono najwiecej larw typu III,
w Tatrach — typu IV.
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ABSTRACT

A new instrument (T,) was built mode of plastic materials to measure temperature
of water at a suitable depth. With this instrument one can obtained fast and accurate
temperature measurements. The device has a good isolation to prevent the in-
fluence of changes in temperature of the surroundings. The water contained in
the instrument T, can be used for physicochemical analysis by using micro ana-
lytical methods. A comparison was given of the two types of apparatus (T, and
T,), which showed conspicuous advantages of the second type.

CONTENTS
1. Introduction. 4. Discussion.
2. Water Sampler T, with Thermometer. 5. Summary.
a) Construction. b) Handling of the Instrument. 6. Streszczenie.
¢) Characteristics of Function, 7. References.

3. Sounding Thermometer,
a) Construction.
b) Handling of the Instrument.
¢) Characteristics of Function.

1. INTRODUCTION

The measurement of the temperature of water of small depths in various
water reservoirs is performed usually by means of a water sampler with
a thermometer (Fig. 1) which henceforth will be referred to as T,. Although
resistance and thermoelectric thermometers are being more frequently used
in water temperature measurement (McrrmMer 1953) this instrument has
not gone out of use in spite of the fact that measurements are time con-
suming *.

The instrument T, (Fig. 1) consists of a metal casing which protects a deci-
mal thermometer, To the fastener which is found in the upper part of the
casing a line is fastened to manipulate the instrument.

The temperature of the instrument during experimentation is influenced by
several factors, namely, the temperature of the instrument before it is sub-

* The discussed water sampler is also used in temperature measurements of
running waters (Marusewicz 1953). It however must be relatively heavy.
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merged, the temperature of the water just under the surface which fills the
vessel as it is submerged, the eventual presence of air in the vessel; thermal
stratification of the reservoir; the length of time the instrument was kept
under water (which according to several authors should be from 3 to 15 minu-
tes); the poor isolating faculty of the metal walls of the instrument, especially
the vessel; the influence of atmosphere on the instrument after it is taken aut
of the water. Hence, the final temperature indicated by the instrument must
be a resultant and, it would seem to be as a rule, other than that which
occurs in the reservoir at the chosen depth.

Such a great difference in the time of measurements is a sound for warn-
ing as to their reliability, on the other hand the longer time is not to be
accepted because of the slow tempo of the work and the possibility of temper-
ature changes of the water due to atmospheric changes.

Krur and Ovuszewskr (1954) advise moving the instrument under water
during the measurement (this must also be done when air is left in the
vessel) which is not to be permitted since this disrupts water stratification.

The drawbacks of the discussed instrument were mentioned by Uhle
(1925). Briznsak (1951) has described the adaptation of the water sampler
with termometer. It can be filled at any depth by adding load and because
of an aperture with a valve in the upper wall of the vessel that can be opened
under water by pulling a string on which the devise is hanging. This adaptation
is based on the same principle as that of a bottle being opened under water.

2. WATER SAMPLER T, WITH THERMOMETER, WITH UNDERWATER
' FILLING AND EMPTYING OF THE VESSEL

A. CONSTRUCTION

In order to adapt the sampler T, to faster and more accurate measurements
of water temperature over small depths and small vertical distances, a new
instrument was built, henceforth referred to as T, (Fig. 2) so that it could
not be filled or emptied before it had been placed at the chosen depth.

To improve the isolating faculty of the instrument T, it was constructed
out of bakelite and vinidur instead of brass. Vessel (A) consist of a lower
part (A;) and of an upper screwed on lid (A,). There are three apertures in
the sampler (namely B,, B,, B;). Water is introduced or removed from the
vessel through the lower aperture B;. A rubber lead (C) is fixed in aperture
B, serving to deaerate or to bring air into the vessel. On the other hand in
aperture Bj, a vinidur pipe (D) is fixed forming the upper casing of the
mercury thermometer (E).

The mercury container (H) is placed at half the height of the vessel.
Slightly below the upper part of pipe (D) there is an aperture (I) through
which the rubber lead deaerating the vessel is introduced into the pipe.
Into the upper part of the vinidur pipe (D) a metal barrel (M) is mounted
to half its length. It serves to screw on the next segment of the corresponding
pipe (N) and further segments. Through the centre of the formed pipe runs
the mentioned air lead (C). At the end of this lead, which after leaving the
pipe hangs the length of the instrument, there is a vinidur distributor (P)
attached to the deaerator (R) closed with the clip (S) and to a rubber pump
(U) in which are placed two uni-direction valves (W;, W,).
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On the outer part of the instrument, starting from half the height of
the vessel and further on the vinidur pipe are horizontal marks (Y) every
five centimeters and a mobile rubber ring (Z) to mark the depth at which
the instrument should be dipped.

The use of bakelite and vinidur in building the instrument decreased
the weight and increased the isolating faculty of the sampler walls. Because
bakelite is very brittle, only vinidur was used in the building of all subse-
quent instruments.

B. HANDLING OF THE INSTRUMENT

Before immersing the instrument T,, we check if the deaerating pipe (R)
is closed with the clip (S) by blowing through the rubber lead (C) with the
pump (U) to remove the possibly present water. We, then, lower the instru-
ment to the desired depth. At the beginning of this procedure, the vessel
and the deaerating lead are filled with air. Increase of hydrostatic pressure
during the lowering of the instrument causes a certain amount of water to
be forced through the aperture B,. This water is removed by carefully squeez-
ing the pump (U) until a bubble of air appears at the surface. Then we fill
the sampler and the rubber lead with water by opening the deaerating pipe
(R). The hydrostatic pressure presses the water into the vessel and the rubber
lead through the inlet aperture (B,) removing the air through the deaerating
lead to the limit determined by the depth at which the instrument is im-
mersed. Thus, the thermometer is surrounded with water from the depth
at which the measurement is to be performed. The temperature of the water
in the vessel, however, may not be close enough to the temperature of the
water at the wanted depth. It could have been changed owing to the tem-
perature of the instrument, a certain amount of water forced into the vessel
by the hydrostatic pressure, the stratification of water temperature in the
reservoir when the instrument was moved from the surface to the desired
depth. Therefore, the water from the instrument is removed very carefully
by the pump (U) and it is filled again by opening the clip (S). Subsequently
after closing this clip, we take the instrument out of the water and read
off the temperature.

The vessel is imptied by loosening the clip (S) or more quickly with the
help of the pump (U), with the clip closed.

C. CHARACTERISTICS OF FUNCTION

In order to verify the function of the instrument T, in compliance with
the constructional assumptions, a series of tests were performed:

1. The time of filling and emptying the instrument and taking the reading
under field conditions.

The time of filling the vessel with a capacity of 80 ml at the depth of
50 cm, took about five seconds, whereas taking the instrument out of the
water and reading the temperature took about ten seconds. On the other
hand, the time of emptying the instrument after it has been taken out of
the water and after the air lead has been opened took about twenty seconds.
Using the pump (U) it took up to 10 seconds.

2. Rate of reaction of the thermometer and the precision of temperature
measurements.
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Tests were carried out in the laboratory providing specially assumed dif-
ferences of temperatures between the instrument and the water with, as
well as without changing the water in the vessel.

In order to ensure various temperatures to the examined instruments,
refrigerators, freezers and passage containers (aquariums) were applied, whe-
reas to observe and compare the functioning of the instruments after they have
been submerged into the reservoir, a thermostat filled with water was used.

Decimal mercury thermometers of the same series were fitted in the
examined instruments as well as in the thermostat. They were verified at
the Office of Measures and Weights. The thermometers chosen for the tests
were compared with each other so as to facilitate corrections.

Fig. 1. Water sampler T,, without the ability of exchanging water

For comparison’s sake a sampler T, was built of brass according to the
previous construction (Fig. 1) and with the same measurements and capacity
as the bakelite vessel, its walls being as thin as possible.

The observations were carried out at various temperatures of the instru-
ment and the water in the range of small (about 5°C) average (10°C) and large
(15°C) temperature differences. They were chosen so as to correspond to the
winter and summer differences in the temperature between the air and the
water in a reservoir, and to the winter and summer thermal stratifications
which occur in these seasons of the year in small water reservoirs.

In these conditions the functioning of a new sampler T, was observed.
This sampler was equipped to exchange water in the vessel (Fig. 2) and com-
pared with the functioning of the sampler T, which did not have this exchange
(Fig. 1). In order to apply temperatures to the instruments which would cor-
respond to the low temperatures of winter air, a refrigerator and a freezer
were used. Summer and winter thermal stratifications in small water reser-
voirs were reconstituted with the help of aquariums and of a thermostat.

In order to apply to the instruments temperatures of the surface layers
of the water reservoir and in order to fill the vessel T with water, the in-
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struments T; and T, were submerged in the water in an aquarium with the
required temperature. They were held there to the moment, vessel T, was
filled with water. Within this time, the vessel of the instrument T, was in
the water filled with air and shut.

YIS, .-

[

i)
¥

2!
{
N
3
3
N

Fig. 2. Water sampler T,, capable of being filled and emptied at a chosen depth

A. Vessel; A,Lower part; A,. Upper part; B;, B,, B;. Apertures in the vessel; C. Rubber air
lead; D. Vinidur pipe thermometer casing; E. Mercury thermometer; F. Window; Gy, G,.
Rubber rings; H. Mercury container; I. Air lead opening to the vinidur pipe; J;, J,. Brass
rings; K,, K,. Holds; L, Metal joint; M. Brass cylinder; M,. Threaded part of cylinder M;
N. Segment of the vinidur pipe; O, Metal joint; P, Vinidur distributor; R. Rubber deaerator;
R,, Metal pipe used to move on the clip in order to open the deaerator; S. Spring clip;
T. Rubber joint; U. Rubber pump; W;, W,. One way valves; Y. Depth gauge marked every 5 cm;
Z. Rubber ring.
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After the instruments were taken out of the aquarium, they were sub-
merged immediately into the thermostat, where the instrument T, was filled
with water and the temperature was recorded as shown by both instruments.
Most frequently were the temperatures read in the first minute. The water
in the thermostat served to reconstitute the work of the instruments in the
reservoir at the desired deph, that is to fill and to eventually exchange water
in the vessel T, and observe the levelling of the water temperature in vessels
T, and T, with the surrounding temperature of the water.

= Temperature °C [
S &
£ | i
s of the sarppler ‘beforey of water In’ the Revideis
e submerging, fxgures‘ thermostat, figures g
l i in rectangles | in parenthesis
a 8.9 4.2 without
b 18.4 14.4 changing water
c 14.6 21.6 e el |
' Temperature °C I
E & of the sampler of Watelr in the |
E % before submerging | passage container " fi Remarks
—
2% figures in upper layer, figures 5 ?rmostat,hlg_ures
a rectangles in dashed rectangles| '™ Parenthesis
ALY
a ‘ 25.2 20.3 15.5 without changing
water in the vessel
b 8.2 0.6 3.7 T
¢ 3.0 0.6 3.8 with exchange of
U | water in the vessel T,
d 6.0 0.6 4.5 moment of exchange
i i marked with a
e 16.0 0.6 f 3.65 vertical arrow

The results of the observations in figures 3a, b, c¢; 4a, b, ¢, d, e show the
fast and precise work of the new instrument T, which at small and average
thermal differences between the air and water, levelled its temperature with
the temperature of the surrounding water within 10 to 60 sec. (Fig. 3a, b, c,
4a, b). This was done after a single filling of the vessel without the exchange
of water. In the case the air temperature differed considerably from that
of water, temperature differences between the water in the vessel and the
water in the thermostat after one minute, amounting from 0.2°C to 0.9°C
were eliminated by its exchange (Fig. 4c, d, e).

The functioning of the previous instrument T, which was observed at
the same time with the new instrument T, was considerably slower and less
accurate (Fig. 4a—e) on account of the thermic ballast which was carried
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together with the surface water in the vessel to the appropriate depth. The
influence of the thermal ballast was observed very clearly during the compa-
rison tests (Fig. 4b, T,). Thermal changes in the instrument T; after filling
it with water in a passage container (temperature 0.6°C) and later submerging
it in a thermostat (temperature 3.7°C) indicate a cooling effect of this water.
The recorded temperature of the water in the vessel of the submerged in-
strument lower than that of the surrounding water, fell even at the begin-
ning and only after 40 seconds began to rise slowly (Fig. 4b, T,).

9t
'
48 8}
3 |,
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42 5 L 13
f—— =3{144)
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0 20 40 80sec
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’8.

&

174

8

5T @

/4 I L W
0 20 40 60 sec

Fig. 3. The rate of levelling the temperature of the water in the bakelite vessel
(sampler T,) with the water temperature in the thermostat

An outline of the work of both compared instruments in the field during
winter and the method of reconstituting the natural environment in the
laboratory experiment is shown in Fig. 5.

3. Isolating faculty of the vessels.

The isolating faculties of the vessels T, and T, were observed by filling
them with water from the aquarium whose temperature was the same as that

4 Polskie Arch. Hydrobiologii
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in the natural reservoir at the appropriate depth. One waited then for the
temperature of the instruments and the aquarium water to be the same.

The conditions of passing the instruments through layers of water of
different temperatures were reproduced by taking the instruments out of the
aquarium and immediatelly submerging them into the thermostat.

The temperature of the water in the submerged vessels differed in suc-
cessive tests in comparison with the water temperature in the thermostat by
about 19°, 15°, 9°C.
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Fig. 4. The rate of levelling water temperature in the bakelite vessel of the
sampler T, and in the metal vessel of the sampler T, with the temperature of
water in the thermostat

The observed results presented in Fig. 6 show the positive isolating faculty
of the bakelite vessel T, and the very poor faculty of the brass vessel T,.
As it was mentioned the instrument T, was especially built for comparison,
its vessel was smaller and had thinner walls than in the previously used
instruments. Comparisons were then made between the functioning of the
other instruments of the previous construction of T; with the new one T,.
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|

‘ = Temperature °C
Ry 0y
| E : lof the instrument and, of water in the | difference between
2 |of waterin the vessel,| thermostat, figures = the instrument
e figures in rectangles! in parenthesis and the thermostat |
[N =y 4.2 23.2 19.0
Il 20.1 4.8 15.3
i 5.8 j 15.1 9.3

The results showed these instruments to have an even greater inertia because
in reconstituting typical winter conditions, the instrument T, after being
submerged were covered with ice which lasted for several minutes. Moreover
during this time, it was impossible to perform any reading on the ther-
mometer.

(2329

0 20 40 60 sec
17 2 min

Fig. 6. The isolating faculty of the metal vessel T; and the bakelite vessel T,
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The isolating faculty of the instruments T, in the atmosphere at various
conditions was tested. Even with direct isolation no heating of water in the
vessel was observed within 50 seconds, the temperature differences between
water and air amounting to 7°C.

Since bakelite presents a lower resistance to mechanical damaging and
particularly against crushing than vinidur, further instruments T, were
made completely of vinidur. A series of comparisons between bakelite and
vinidur instruments was performed. The results showed that slightly more
time was needed for the temperature to be levelled in the vinidur instrument.
The differences 0.05 to 0.2°C must have been mainly caused by the thicker
walls of the vinidur samplers. However they could be easily eliminated by
changing the water in the sampler.

3. SOUNDING THERMOMETER

A. CONSTRUCTION

In order to avoid walking into a small reservoir or when its shores are
inaccessible (Fig. 7) a gear has been constructed which by means of ropes
and blocks serves to move the instrument (sounding thermometer, Fig. 8)
onto the reservoir, to dip or to lift it and to collect samples of water for
physico-chemical analysis (Paschalski 1959).

Ay 0, D; Az
Vs

Fig. 7. Field gear for the sounding thermometer
Ay, A,. Mast; B,, B, etc. Stabilizing lines; C,, C,. Holds; D,,,. Blocks; E. Wheel; F. Gauge; G. Li-
ne; H. Block; I. Nylon line; J. Hold; K, Sounding thermometer; L. Igelite lead; M. Opening
in the block; N. Water bottle for chemical analyses; O. Vereshchagin apparatus for filling the
bottles with water; P. Vacuum container; R. Pump to reduce the pressure.

The set is composed of two transferable masts (A;, A,) which are sta-
bilized with lines (B;, etc). On the mast are holds (C;, C,) which serve to
fasten the blocks (D,, D,), the wheel (E) with a nylon line and a gauge (F).
The blocks support an endless rope (G). On the rope there is a stationary
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third block (H) which a nylon line (I) is threaded. At its end a hold (J) is
found on which the instrument (K) is fastened. Between the vessel of the
sounding thermometer and the shore, an igelite lead (L) is stretched and
passed through an opening (M) in the casing of the block (H). The other end

FIIII S I rI IS 7,
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7777,
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Fig. 8. Sounding thermometer
A. Vessel; A,. Lower part; A,. Upper part; B,, B,, B;, B,. Apertures in the vessel; C. Thermo-
meter casing of a vinidur pipe; D. Mercury thermometer; E. Window; F. Rubber ring, G. Mer-
cury container; H. Hold; I. Rubber lead; J. Metal joint; K. Igelite lead; L, L,. Brass rings;
M. Balast; N. Joining rivet; O. Balast casing.

of the lead is connected with the container (N) for water for chemical analyses.
The water is brought ashore under the low pressure produced in the lead (L)
by means of the Vereshchagin apparatus (O).

The construction of the sounding thermometer is presented in Fig. 8.
Vinidur was used for constructing the vessel of the sounding thermometer
analogically to the sampler T,.

B. HANDLING OF THE INSTRUMENT

After the described construction has been mounted over the reservoir, the
sounding thermometer (K) is moved by means of a rope (G) to the required
site. Then with the wheel (E) the instrument is lowered to a desired depth.
By producing low pressure in the Vereshchagin apparatus (O), the water is
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pumped through the vessel of the sounding thermometer (K) and through
the igelite lead (L) to the containers (N). The water which runs through
the instrument, equalizes the temperature between the instument and the
surrounding layer of water. On account of the necessity for equalizing the
temperature between the instrument and the passing water, samples for
oxygen determinations must be taken at the end of the series. Then by means
of the rope (G) and the wheel (E), the instrument is drawn ashore and the
temperature of the water is read. This requires a time of 1 to 2 minutes.

C. CHARACTERISTICS OF FUNCTION

Since the instrument is under the influence of atmospheric factors while
it is being pulled to the shore, several laboratory tests were performed regard-
ing changes in temperature readings after the sounding thermometer was
taken out of the water and kept in the air under the influence of a fan
for three minutes.

Changes in the temperature of the water found in the vessel of the sounding
thermometer became evident within 2.5 to 0.5 min. in the temperature dif-
ference between the atmosphere and water amounting to 4, 6, 10, 12 and
14°C reached from 0.05°C to 0.6°C with the increasing difference.

4. DISCUSSION

Since the application of the instrument T, (Fig. 1) provides results of low
precision in spite of an extended time of water temperature measurement,
its usefullness can be questioned. The poor isolating faculty of the instrument
T, indicates furthemore that its usefullness in measuring the temperature
of water at great depths, in stratified reservoirs, especially below the epili-
mnion may not give correct results. The temperature differences can rise
to 10°C in lakes (OLszewski1, PascuaLskr 1959) and even to 20°C (PASCHAL-
sk1 1960, 1963, 1965). Under these circumstances large thermal changes will
occur very quickly in the metal vessel filled with water when the instrument
is pulled towards the surface, and later into the atmosphere. This is why the
use of a metal sampler instead of other instruments to measure the water
temperature below the epilimnion, particularly when large thermal diffe-
rences exist in reservoirs, provides results with a considerable error. One
must take this into consideration when referring to the data already published,
obtained with the use of the sampler with thermometer T,. The valve used
by Briznsak (1952) das not solve the problem of influence of different tem-
peratures of water masses on the measurement.

Since the functioning of various metal samplers T, revealed a considerably
greater thermal inertia than of the sampler T; especially built for compa-
rison, this indicates that the measurements must be encumbered with even
greater errors.

One must pay particular attention to the results of the water temperature
measurements used to calculate the amount of dissolved oxygen in the water
as percentage of saturation.

Observations of the functioning of the instrument T, in comparison with
T; show an incomparably faster levelling of the temperature between the
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instrument T, and surrounding water which fills the vessel at the desired
depth (Fig. 3a, b, c¢; 4a, b, ¢, d, e.) They also show that accurate temperature
readings can be obtained by the exchange of water in the vessel and by
using in the construction of the instrument good isolating materials such
as bakelite or vinidur.

The isolating ability of vessel T, appeared clearly within the first 60 to
90 seconds which in comparison with the ten seconds necessary for taking
the instrument out of the water and reading the temperature, shows that
the application of good isolating material decreases the influence of the
thermal stratification of the water reservoir on the measurement. Such errors
occur however within that short period of time during the measurement
with the metal instrument T; (Fig. 6). :

The large temperature differences in the experimental conditions between
the instrument T, and T, and the water of about 19° and 15°C, cannot occur
in small and shallow water reservoirs and in either surface or shore layers
of deep reservoirs. Likewise the difference of 9°C does not occur too often.
Hence the occurring small differences under natural conditions cannot in-
fluence the instrument T, and also the temperature that it indicates. This
also concerns atmospheric influences when the instrument is taken out of
the water.

5. SUMMARY

Measuring the water temperature of moderate depths may be done by
a metal sampler with thermometer T, (Fig. 1). This is time consuming
and not accurate in spite of an extended time of measurement. (Fig. 4a, b,
c, d, e).

In order to do away with these shortcomings a new instrument T. was
built (Fig. 2) of a new construction and plastic materials (for good isolation)
so that it could be filled and emptied at the suitable depth.

This was attained by connecting the vessel to a pump (which produced
excess pressure) by means of a lead with valve.

In this manner one can obtain fast and completely accurate temperature
measurements, free from the changes caused by pulling the instrument
through the superposed water layers and keeping it in the air, because of
good isolating walls (Fig. 3a, b, c¢; 4a, b, ¢, d, e).

The time of filling an eightly ml. vessel at a depth of 50 ecm took five
seconds; emptying it in air took twenty seconds, using pressure (Fig. 2) —
from 5-to 10 sec. The time for taking it out of the water of a depth of 0.5 m
and reading the temperature is about 10 seconds.

The water contained in the instrument T, can be used for physico-
chemical analysis by using micro analytical methods (Maucua 1945, DoNaszy
1955).

The results of the observations and comparisons of the functioning of
both instruments show that with the sampler T, we can obtain much faster
and more accurate water temperature measurements than using the sam-
pler- T,.

In order to avoid a entering small reservoir, or when it is inaccessible,
a construction was built (Fig. 7) to move over the reservoir, submerge, lift
and pull the sounding thermometer to the shore (Fig. 8). This construction
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serves to measure the water temperature and to take samples for phy-
sico-chemical analysis with small changes of natural state of the reser-
Voirs.

6. STRESZCZENIE

Pomiar temperatur wod na niewielkich glebokosciach dokonywany jest
miedzy innymi metalowym termometrem naczynkowym T, (rys. 1). Trwa
on jednak zbyt dlugo i nie jest dokladny (rys. 4a, b, c, d, e).

Celem usuniecia tych wad zbudowano przyrzad T: (rys. 2) stosujagc nowa
konstrukecje z tworzyw sztucznych, dobrze izolujacych, tak aby postugujacy
sie nim moégt napeknia¢ i oproznia¢ naczynko na glebokosci roboczej. Uzyskano
to stosujac urzadzenie laczace naczynko przewodem powietrznym, zamykanym
szczelnie zaworem z pompka, wytwarzajaca nadcisnienie. Tym sposobem uzys-
kano nieporéwnywalnie szybszy i zupelnie dokiadny pomiar temperatury,
zabezpieczony przed zmianami w czasie wyciagania przyrzadu z wody i trzy-
mania go w powietrzu (rys. 3a, b, c; 4a, b, ¢, d, e).

Czas napelniania 80 ml naczynka na glebokosci 50 cm wynosi 5 sek;
oprézniania w powietrzu 20 sek, a przy uzyciu nadci$nienia 5 do 10 sek. Czas
wyjmowania z wody, z glebokosci 50 cm i odczytanie temperatury okoto 10 sek.
Zawarta w przyrzadzie wode mozna wykorzysta¢ do niektéorych analiz fizyko-
chemicznych przy stosowaniu metod poéilmikroanalitycznych (Mauch 1945;
Donaszy 1955).

Wyniki obserwacji i porownan dzialania obu przyrzadow wskazuja, ze
stosujgc termometr naczynkowy T, uzyskujemy nieporé6wnywalnie szybsze
i bardziej dokladne pomiary temperatur niz przy pomocy termometru T,. Ce-
lem uniknigcia wchodzenia na maly zbiornik, lub gdy jest on niedostepny
zbudowano zestaw (rys. 7) do przesuwania nad zbiornik oraz zanurzania, pod-
noszenia i przyciagania do brzegu termometru-sondy (rys. 8). Stosowanie tego
zestawu ogranicza takze zmiany w naturalnym stanie zbiornika.
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ABSTRACT

Studies were made of the food composition of Lestes sponsa (L.) larvae and their
food preference in various types of astatic reservoirs,

By analyzing the incidence of organisms in the habitat and in the larval
intestines, the weed fauna was found to be the most preferable food item as that
of a higher calorific value than that of plankton. The numbers of weed fauna eaten
formed rather a small percentage of the total numbers consumed, nevertheless
they were the main source of energy taken by the Lestes sponsa larvae.

In the case when larvae of Lestes sponsa occurred in an ephemeral pond there
was a high increase in voracity by the end of larval cycle, accompanied by increase
in food requirements and by lack of food preference. It was assumed to be a res-
ponse to indirect stimuli caused by disappearance of water and it can be an im-
portant factor accelerating the completion of the larval period.

CONTENTS
1. Introduction and problem 5. Summary
2. Material and methods 6. Streszczenie
3. Results 7. References

4. Discussion

1. INTRODUCTION

The species Lestes sponsa is typical of astatic environments. It has a short
larval stage of two months (May—June) coinciding with the appearance of
periodic small ponds, and a long 10-month period of embryonic development,
coinciding with the dry or frozen period of these ponds. Further adapta-
tions of Lestes sponsa larvae to living in astatic ponds are the following:
highly predatory behaviour (Berezina 1958, Fiscuer 1964) a short period
of inhibited metabolism rate preceding metamorphosis (Fiscuer 1960), easy
moulting (Fisceer 1964), and others. These characteristics suggest very in-
tense metabolic processes, which enable this species to live in ephemeral
water bodies. They allow a shortening of the larval period and an acceleration
of the time of emergence of adults under extreme conditions when the astatic
pond is vanishing. Thus, it can be assumed that the nutritional habits of
Lestes sponsa larvae will also tend to favour an accelerated growth rate.

5+
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The purpose of this paper is to examine the food composition of Lestes
sponsa larvae and their food preference in various types of astatic ponds,
with a special stress laid upon the calorific value of food.

2. MATERIALS AND METHODS

Larvae of Lestes sponsa were collected from three different astatic ponds:

1. fish pond Zoldanka was situated at a distance of about 100 km from
Prague, with a surface area of 0.75 ha, a maximum depth of 1.3 m, an average
depth of 0.5 m; the sampling area was 40 em deep, with Glyceria fluitans
and Eleocharis lacustris as prepondering plants. The plant cover was 90%o.
The pond is drained once a year (in October)*.

2. Mansfeldova Tun, a small astatic pond is located about 60 km
from Prague, with a minimum surface of area 1.88 m2, a maximum surface area
of 209 m2, a maximum depth of 1 m, and a plant cover around 40% with Carex
hudsoni and Typha latifoliac as predominating species; this is a permanent
pond (Oliva 1955).

3. Zmijowa Woda (“Viper Water”) is a small astatic pond located
about 20 km from Warsaw (in the Kampinos Forest), with a surface area of
450 m2, a depth of 30 em. The plant cover was 80%p with no clear dominance of
one species, main plant components being Carex hudsoni, Drepanocladus adun-
cus, Iris pseudoacorus palustrae. The average duration of the pond was about
3 months per year. A detailed description of the terrain and ponds in the
Kampinos Forest is given in Cucpcrowska, CHoporowski 1958, FISCHER
1961.

In each pond 25 Lestes sponsa larvae were captured at 10 day intervals
starting from April 25, 1964 up to the end of the larval stage of this species.
In Zoldanka, larvae were captured for the last time on July 20, in the
Mansfeldova Tum, on June 24, and in the Zmijowa Woda as early on May 15,
since by the following week this pond had dried up entirely and water did
not reappear in it earlier than during the next year. In this pond all the
larvae died, their larval development uncompleted. Simultaneously with
every capture of larvae were collected samples of plankton, using net No. 13,
and of weed fauna, using net with mesh 1.25 mm?® The larval alimentary
canals as well as the zooplankton and weed faunas were examined in order
to identify the animals occurring and to record in what number of indi-
viduals were present. Shorygin’s index (SucryGIiN 1939) was used to quantify
this relationship between species eaten with species available in the field.
This index, K, is obtained from the ratio x,/x; where x, represents the
percentage of a given food item in the habitat in relation to the total fauna
in the habitat and x: is the percentage of the component of intestinal contents.
This index is burdened with an error resulting from the different speeds
at which different kinds of food pass through the alimentary canal. The
results concerning organisms which are less digestible may be overestimated,
due to the lingering of some parts of these organism in the alimentary ca-
nals of the predators. That is why only conspicuous differences in the index
value were taken into account when interpreting the results.

* According to data from V. Korinexk, Dep. of Hydrobiology, Faculty of Bio-
logy, Karlovy University, Prague.
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In addition to comparing the specific composition and abundance of food
species in the larva alimentary canals with that in the zooplankton and weed
faunas, some attempt was made to assess the calorific value of the animal
species eaten, either by measurement or from published data.

The calorofic values of Culicidae, Ephemeroptera, Tendipedidae, Copepoda,
Ostracoda and Rotatoria were taken from Iviev et al. (1934), and VINBERG
(1934). Those of dragonfly larvae and of Cladocera were estimated from their
lipid content by warm extraction with ethyl ether when the material was
abundant or by photometric method when the material was scarce (STERN-
-Saprro 1953). The ash content was defined by combustion. By subtracting the
ash and lipid weight from the total dry weight, the protein and carbohydrate
content was calculated. Then, taking the calorific value of proteins and
carbohydrates to be 4.3 cal per mg, and that of lipids to be 9.1 cal per mg,
the total calorific value of the food examined was estimated.

3. RESULTS

Figure 1 illustrates the composition of the food of Lestes sponsa in the
3 ponds examined. Planktonic organisms prevailed by number in the food
of Lestes sponsa larvae collected from Zoldanka and the Mansfeldova Tun

Sharigin’s index
NASOINTIININNENS

Fig. 2. Food preference (Sharyhin’s index)
1 — Mansfeldova Tun — weed fauna; la — Mansfeldova Tun — plankton; 2 — Zoldanka —
weed fauna; 2a — Zoldanka — plankton; 3 — Zmijowa Woda — plankton.

(vicinity of Prague). However, chironomid larvae and Ephemeroptera were
the main item of food which decided upon the calorific value of food both
of young instars and of those completing their larval stage. The reverse
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was observed in “Viper Water”, the pond located in the Kampinos Forest; the
incidence of weed fauna in the food was negligible, both in terms of numbers
and of calorific value (Fig. 1).

The composition of fauna in the ponds examined and that of the alimentary
canal contents are presented in Table I. The percentages show the incidence
of a given group of animals in the total sample collected from the pond, or
its incidence in the alimentary canals of dragonfly larvae dissected. To present
a rough estimation of faunal abundance in different ponds, 5-class scale of
abundance was accepted, namely, 1 represents less than 10 individuals per
faunal sample or per alimentary canal, 2, 10—50 individuals, 3, 50—100 in-
dividuals, 4, 100—1000 individuals, and 5 more than 1000 individuals. Such
a scale can only show conspicuous differences in abundance.

From Sharygin’s food preference index (K) it was found that in Zoldanka
and the Mansfeldova Tun the larvae of Lestes sponsa show some preference
towards chironomid larvae and Ephemeroptera. These animals constitute
Lestes’ main source of food energy (Fig. 2). In Zoldanka the index values (K)
surpass 200 for weed fauna, whereas for plankton it is below 12. For the
Mansfeldova TG this index is generally lower being 28 for weed fauna and
only 2 for plankton, thus exceeding over 10 times the latter. It was impossible
to calculate this index for Viper Water since no specimens of weed fauna
were found in the alimentary canals of Lestes sponsa larvae, except in one
sample, for which the index was as high as 114, and for plankton, below 4.

4. DISCUSSION

The results concerning the food composition of Lestes sponsa larvae oc-
curring in Zoldanka and the Mansfeldova Tun (near Prague) are fairly consi-
sten. All larval stages of dragonflies showed high preference towards organisms
of a considerable calorific value. It can be supposed, then, that dragonfly
larvae, even the youngest ones, choose the larvae of Tendipedidae or Epheme-
roptera as their food, even though the latter are much bigger than the
predators. Because of uneven proportions in size of predator and prey, young
dragonfly larvae encounter some difficulty in catching their prey. The weed
fauna, in spite of relatively low numbers of individuals eaten by Lestes
sponsa larvae is their main energy source as is suggested by the high values
of Sharygin’s index.

A reverse predator-prey relationship is observed in Viper Water (near
Warsaw). This pond shows very low abundance of fauna. Although there
was no quantitative sampling, the way in which the samples were taken
permits a rough estimation of fauna abundance. The abundance of plankton
and weed fauna was much lower as compared with two other ponds. The
mean abundance in this pond was 196 individuals per sample, whereas in
Mansfeldova Tun, it was 2,311, and in Zoldanka, 4,914. This indicates more
advantageous food conditions for Lestes sponsa larvae in the Mansfeldova Tun
and Zoldanka than in Viper Water. Besides, in this last pond a special
circumstance occurred brought about by the drying of the pond. The larvae did
not complete their development and died half way through their larval stage.

To estimate the amount of food eaten, the calorific value of food found
in alimentary canal per one mg of body weight was calculated (Fig. 3). In
terms of calories, the amount of food eaten was generally 2.5 times higher
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in the Viper Water than in either the Mansfeldova Tun or in Zoldanka but,
during initial 8-day period, wHen this relation was reversed, a lower amount
of food was eaten in the Viper Water than in the Mansfeldova Tun. At the
same time, the number of Lestes sponsa larvae found with empty alimentary
canals tended to decrease in the Viper Water (Fig. 4). This would indicate
that dragonflies in the Viper Water face extremely disadvantageous condi-
tions because of the sparse fauna, their feeding intensity being very high.
Yet they succeed in accumulating an adequate amount of energy despite that
the food was of a lower calorific value. Besides, it can easily be seen that the
larvae in the Viper Water have accumulated more calories than those in the
other ponds examined. It should be also born in mind that larvae in the
Viper Water fed upon small, planktonic animals, thus to acquire a calorific
value equal to one tendipedid larva they have to consume about 7 individuals
of Cladocera or about 14 Copepoda.

All this would point to an increased voracity of larvae. It can be supposed
that the rapid vanishing of water in the pond was a kind of signal for Lestes
sponsa larvae to accelerate their development and to increase their predatory
behaviour. Due to this enhanced demand for food the larvae stopped searching
for food of high calorific value, and fed upon these organisms which were
most abundant, that is on plankton in the case of Viper Water. That is, when
the pond begins to dry up, selection of food is abandoned and food consumed
is mostly that easily caught, that is mostly planktonic animals and very few
weed fauna (Fig. 3). Therefore the calculation of Shorygin’s index in relation
to the weed fauna for the larvae in the Viper Water seems to be irrelevant
(Fig. 4). Although it is possible to calculate such index for Tendipedidae from
the sample on May 5, and it has rather a high value (112 on the average),
the remaining samples show almost no traces of weed fauna in the alimentary
canals of the larvae, which would indicate the lack of preference to this
food in the Lestes sponsa larvae. The percentage of Tendipedidae larvae in
relation to the total weed fauna is in the Viper Water similar to those in
the remaining ponds. However this is not an illustrative comparison since in
the Viper Water 6.5 per cent occurrence represents 1 tendipedid larva whe-
reas at Zoldanka the same percentage represents 80 Tendipedidae larvae. Hence
it seems feasible that the food preference is not so much affected by the
incidence of a given group in the total fauna but rather by the general
abundance of these food organisms in the pond. Thus the food preference
can occur only under certain conditions i.e., (1) when the abundance of the
food organisms is adequately high an (2) when the voracious hunger of the
predator is not too high. Such conditions were found to exist in the Mansfeld-
ova Tan and Zoldanka, and those in the Viper Water were beyond these
limitations.

ACKNOWLEDGMENTS

I wish to express my sincere gratitude to Dr. R. Klekowski for guidance and
help in performing this study. I am also very much indebted to the staff of the
Laboratory of Hydrobiclogy, Czechoslovakian Academy of Sciences and of the
Department of Hydrobiology, Faculty of Biology, The Karlovy University, espe-
cially to Dr. M. Stragkraba and V. Kofinek for collecting materials from Czecho-
slovakia and making them available. I wish also to thank Z. Kedzierska, who
hfelpl;ed 1me in technical elaboration of material on contents of alimentary canals
of the larvae.

http://rcin.org.pl



‘0001 = € '000T — 00T = ¥ 001 —0¢ = ¢ ‘0§ — 0T =  ‘S[ENPIAIPUI 0T = [ :3[8dS — © "V — V ‘[eUEd AIpjudwyy — II ‘adojorg — I

cdry A A WO 16 2 ot 1 s e [t i 2 L 2 [ 8 e i 2 e i e ot | ) e R | aepipadipua, ‘di
ol e Wi Ko |2 Bt el e 19t o W o ) Bl el e |l e ) e o B L eandicy
S et WA Lo iy ) B el Rl s e |-l ) T femt | 5 S | ] ] s eidoajo)
R Y e T e I e e e e e R = S [ T e SR xzt] | eome | loeed NSl apnd | o | w.o dkOuQOAOT—-H.
ol il el 8] Nl et e by et B 2| it Wbt M el 2 FLZDONI =l === ISt == vrdiwapy
== A 90N == | ==t 9ceim| =S =l e s S R S == Sl e R R 6:Oa =t = AT 311 8:0 BIRUOPO)
= |y [Kgfg sl Is==Sli TRl eI IR e T k=il ==ail IR T e B e = e b I =i = = viordosowoydyy
i el N o b e e v |5 (S A et it e (e | = el [l e e A 6 e BULIBORIPAR]
ot A (B 2 S (oot IRl ot e o Wt W e o ol el ol IREt U b | F Sl e s N epodens)
9'ss| ¥ | T'sk| T [€€e | ¥ [LOT [T |6°9S [T (T8 [T [9€k |+ | OLE: B |9'LE | T |s‘0T | T | TE | € | LTE BIDOPE[D
=i, hs Ry === lalzt Sl == A0 ESA I C O [T T Sl e =R IR S 0 Sl === RPN Tt e snigdneN *dop
Tee| v |uee| b |eee | ¥ (VIL | T [¥'SE [ T{USE | 1 |1OS | ¥ | S¥I| T [TIE | ¥ [s‘09 [T | 89| €] s'sT epodado)
— =] =i = e === == a N e R O O Ee= = i e e S e e BLIOJEI0Y
ol et e i oy (e oot Bl e B et (Rl el Rl Ve W o it | ol e |t e B 1 £ ) epodopjAydng
v a| v |a|v|a|v m- via|v|a|v|a|l v |g|v|a|v|g|v|a|v
!
1I 1 11 I 1I I I I II I II I sppwrue jo
ejUEp[OZ Un,J, BAOP[RJSUBINl [ BPOA\ BAvO(Tuy BjuLp[oZ UN.IL PAOP]JSUBIN[ | BPOA\ Emofruy sdnoin)
Al AT

http://rcin.org.pl



A o A R L] (v T 1 20 G ) 55 i 8 R v A 51 [ ) 2 V] [l S0 R R 72 vl 180 S T Al 18 ol 0 Y B = ] 168 211 (0
—| — |¥|¥C |—| — | 1|00 [—| — {1]|600°0 [—] — | |80 |—| — |—|—|—|—|—|—|—]|—]|—]| —
— | — |¥|9C |—|— 1|0 |[—|— |T| 6T |—| — |V |s¢O |—=| — |z|go|—|— |1 |c0 |—| — |—| —
— | ==l === = = |=| =]t |6000 |—=| — |='= [=| — |2l |—|—= |—] == = |=| =
— == — ==y [|Lo0 |—|—|—| — |—|—[|1|800 |—| — |—|—|—|— |=|— |—=|—|—=| —
—l—=1lelcE |—|—|—| — |—=|—|1|s810%0 |—| — |=| — |=| — |2leco|—]|— |10 |[—|—|T |12
LT [g]|so |1tflte |e|lecr |—|— 2| so|—|—|—| — |[—] — |¥[800|—|—|—|—|—|—|—| —
Elg L e CF b— = |=— | P lEs =] — |==] =¥k |=] — |—=l—ul—=t= | v |[tou]im:lepular l2¢
— = 1=l —|Ttl89 |—| — === — =1 =1%| 9 |=| = |¥orzci——|-=]—1|*%ls0 |z lc¥
v[PLL [ S|91E | TTh v | O'ST! ¥ 1659 |+ | S‘€r| €| €Ly ¥ | vIv| € |ovr | S| to¥| T [92E | ¥ vz | € |6'9s | € [8‘6E
— | — | S|0%E|—1 — | ¥| s8l—|—|¥| o%c|—| — |2l e |—| — |s|sogl—|— |+ (898 | rlso |z |tLr
TI6TE [ S| 681 |1 (0% [+ | TOb| L9z |+ | #2s|T|eLe |+ | €Tv| T |09z | S| 0'se| 2 (18s | + |sIs | € |e‘o¥ | T |6°9T
—|—|ef{T1 [1l]60 |T|E¥E |—| — ¥ (21010 |~Ti6%0-|IE e i ftl ik E T [ BB [t
m<m<m<7i<m<m<m<m<m<m<m<m<m<m<
11 I 11 7 1 1I I 11 I 11 1 11 1 11 1
e)uEp[OZ un, [, BAOP[OJSUBIAT Bjueploy un,J, BAOpP[aJSUBIA BjUEp[OZ Un.J, BAOP[9JSUBIAT | BPOA\ EMolTuy

TAS

"A’ST

AY1

http://rcin.org.pl



tieez | 1| 10 [z frse|z|so0 |zee|vfse [zlooe|¢e] T |elote|zleT |elsus|z]| s
tleo [ef 11 |—| —|1fso00 |[—|— |#le [—|—[v]| vo|—|— |1l [—|—|1]|eso
—|—=]t|rolrfo [e] 60 |—|—|e|eo|—|—|z|s0o|—|—[zloz |[—|—|1]es0
— ==l =|—l=1=] = |-l=l=l=1=l=1=| = [~ = v [er |=]|— |—]|st0
—=l|vo |[=[=|=| = |=|=|=|=|=|=lv|zo|=|—|=| = |=| — |1 |14
—l == = === = == |#pr |=|=|e|eo|—|—|=|=|=]| = |v]|e
tlsr|z| g0 |zfew [ef o0 |zfrmn|wfir [vlew |v| vselzfeT (2w |2oer |z o5
—l=l3l00 |—|—|—| — t1—=I=I=l=1==|=| =¥t |1 lc® [ L)L} |=| =
e | 0 R S ARl e Il R o R o Bt o Bt e ol el S S A
€ (s | s | 6%6s| ¥ |9 | s | o's8| € 8e | s '8 | € [cos |+ | Log| ¥ 108 | # [0 | T [s'ST |+ |6'cH
—| = |#leoa|—|— [#| o¢ |—|— |#|sz |—| = | 1| vo|—|— |¥]|es |—| — |—| —
t|szels| sve|elee v g6 [Tlsve|s s | o |v| cor|TieL |+izer|1(sy |v|oLe
—l =l |=|—=|—| = |=|=|—|—|v|g0 |v]|so0 |—| — [z |eT |z fe |1 e
a|vi|a|vi|e|lv|al v |a|v|a|v|a|via|v|a|v el v|a|vig|y
11 I 1 I TE o) 1 I 11 I Wl
wuvploZ UOL BAOPIRJSURIN {UTPlOZ | WD PAOPRISLEIN | WUEPoZ | Un.L vAOp[Rlsurly
TIA0T TIA'S AL 1A'ST

http://rcin.org.pl



70 Z. Fischer

5. SUMMARY

The paper aimed at studying the food composition of Lestes sponsa L.
larvae and their food preference in various types of astatic reservoirs. The
composition of fauna of habitats in which Lestes sponsa larvae occurred as
well as the incidence of various groups of animals found in the alimentary
canals of the larvae, are presented in Table I. Using SHORYGIN’s index, it was
found that the larvae showed much higher preference to weed fauna than
to planktonic organisms. Although the weed fauna found in the alimentary
canals forms in terms of numbers a low percentage of the total intestinal
contents, (20°% on the average), but it is a main source of energy supplied
to larvae (usually above 50%, sometimes up to 95%). The increased voracity,
higher food requirements, and lack of food preference are typical features
for larvae Lestes sponsa occurring in ephemeral, short-lasting, drying ponds.
These features can be considered as a kind of response to direct stimuli
brought about by disappearance of water in the pond, which by accelerated
growth shortens the larval period.

6. STRESZCZENIE

W réznych typach zbiornikéw astatycznych przebadano skiad pokarmu larw
Lestes sponsa oraz ich wybiorczosé pokarmowa.

Analiza udzialu grup organizméw napotkanych (fauna naro$linna, plan-
kton) w faunie biotopu, w ktorym zyly larwy Lestes sponsa i w ich przewodach
pokarmowych wykazala, ze larwy wyraznie preferuja faune naro$linna (jed-
nostki — wspolczynnik Shorygina) (Tabela 1, rys. 2) jako pokarm bardziej
kaloryczny niz plankton. Ilos¢ osobnikéw fauny naro$linnej stanowi wprawdzie
maly procent ogélnej ilosci zjadanych organizmoéw (przecietnie okolo 20%),
jednakze stanowia one gléwne Zrodlo energii pobieranej przez larwy w po-
karmie (przecigtnie powyzej 50% — dochodzi do 95%b).

W przypadku gdy larwy Lestes sponsa zasiedlaja zbiornik bardzo kroétko-
trwaly, wysychajacy, przed ukonczeniem zycia larwalnego stwierdza sie wzmo-
zona zarlocznos¢, zwigkszenie zapotrzebowania pokarmowego oraz brak wybior-
czosci pokarmowej. Nalezy przypuszczaé, ze jest to reakcja na dzialanie bodzcow
posrednich wywolanych zanikiem wody i moze mie¢ znaczenie jako czynnik
przys$pieszajacy zakonczenie zycia larwalnego.
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