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Migracje i zimowanie tarczykéw (Coleoptera, Chrysomelidae, Cassidinae) w powiazaniu z warunkami
klimatycznymi w QOjcowskim Parku Narcdowym

Murpanna u 3uMoBxa muToHOCOK (Coleoptera, Chrysomelidae, Cassidinae) B cBszu
B KIEMaTHYecKuMH ycaouaMu B OiinorckoMm Hapopmom Ilapke

Abstract. In 1966—1967 a study of 4 species of cassids — Cassida rubiginosa MULL.,
C. vibex L., C. viridis L., C. flaveola THUNBG. — was carried out in an area selected in a-meadow
of Arrhenatheretum elatioris in the Saspowska Valley. The numbers of adult and young speci-
mens of these beetles were noted in successive periods of investigation. In 1967 the marking
and recapturing of the cassids under study were also applied. Young beetles were found to
stay in the meadow from 2 weeks to 2 months, next, towards the end of the summer and in
the autumn, they migrated to a hornbeam forest on the southern slope of the valley, where
they wintered, exclusively in the adult stage and in diapause, at a depth of 5—8 em under the
litter. The microclimatic measurements taken in the autumn of 1967 and in the winter of 1968
showed that cassids find more favourable conditions for hibernation in the forest than in the
meadow. Thirty-three wintering specimens belonging to 6 cassid species (Cassida rubiginosa
MiLL., 0. vibex L., O. viridis L., O. flaveola THUNBG., O. hemisphaerica HErBsT and C. nobi-
lis L.) were found in 320 samples of litter. The re-emigration of the adult beetles from the
forest to the meadow takes place in the spring and ends in the first days of July.

I. INTRODUCTION

Studies on the migrations and wintering of cassids were undertaken
repeatedly by different authors (ExcrL, 1932; PAnl) & KLEPIKOVA, 1957;
Par1y, 1959). They showed that cassids are able to travel a remarkable distance
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in active flight and that at the end of summer and in the autumn they migrate
to wooded regions, where they hibernate under litter — exclusively in the
adult stage and in diapause. In the spring they re-emigrate to the biotopes in
which they forage and reproduce. These papers, however, lack data concerning
the effect of the environmental microclimate on the migrations and wintering
of the beetles in question.

The present study is a continuation of the team-work carried out by the
Nature Conservation Research Centre in a meadow of Arrhenatheretum ela-
tioris and in a forest of Fagetum carpaticum in the Ojcow National Park in 1964—
1965 (Studia ekosysteméw..., 1967). The purpose of this study has been to
trace out the dependence of the migrations and wintering of cassids on the
climatic conditions in the Saspowska Valley in the Ojcéw National Park.

II. STUDY AREAS AND METHODS

Study area I (Fig. 1) is a plot of meadow of Arrhenatheretum elatioris alche-
milletosum (MEDWECKA-KORNAS & KornA§, 1963) situated in the bottom of
the Saspowska Valley, which runs from west to east in the Ojeéw National
Park. A cross-section through the valley illustrates its characteristic flat bottom,
into which a deep streambed cuts, and steep rocky slopes. The spaces between
the crags are occupied by a hornbeam forest of the Tilio-Carpinetum typicum
subassociation, widely spread in the Ojeéow National Park and much drier than
the Tilio-Carpinetum stachyetosum (MEDWECKA-KORNAS & Kornag, 1963).
Abundant young fir undergrowth occurs in this forest, from its edge half-way
up the slope, and contributes to the accumulation of an increasing amount of
litter in succeeding years.

The study area is a forest meadow, bordered by the slope of Chelmowa
Géra Mt. on the south side and on the north side neighbouring on the slope of
Zlota Goéra Mt. (Fig. 1). The northern bound of the meadow is the bed of the
Stream Saspéwka, on the banks of which there are strips of an Alno-Padion
flood forest (MEDWECKA-KORNAS & KorNAS, 1963). The Stream Miynéwka
(Millrace) flows on the south side and in the spell of spring floods and storms
partly overflows the south-eastern border of the meadow. The surface of the
meadow exhibits some differentiation, especially in its southern part, where
the soil is wetter and more alkaline (KARKANIS, 1967). The specific composi-
tion of the plant cover of the study area does not virtually differ from the
remaining part of the meadow (JANKOWSKA, 1967), except for the presence
of Cirsium oleraceuwm, which occurs only in this part. In 1966, i. e., in the third
year of the meadow being unmown (it was in the stage of succession, mani-
fested chiefly by a change in the proportions of some gpecies in the meadow
sward), the share of Cirsium oleracewm increased remarkably, whereas in 1967
some dozen specimens of Mentha longifolia appeared within the study area.
Hygrophilous species, such as Alopecurus pratensis, Ranunculus repens and
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Fig. 1. A diagrammatic drawing showing the topography of the environs of the study area in
the Saspowska Valley in the Ojeéw National Park. I — study area, II — area in the
hornbeam forest (T'ilio-Carpinetum) where wintering cassids were found.

1 — Oassida rubiginosa MULL. 4 — Cassida vibew L.
2 — Cassida flaveola THUNBG. 5 — Cassida viridis L.
3 — Cassida hemisphaerica HERBST. 6 — Cassida nobilis L.

1*
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others, also occur in this area. Its floral composition is illustrated by the phyto-
sociological record performed by Mgr K. JANKOWSKA on July 3, 1966 (Table I).

This character of the vegetation is connected with the relatively ccol and
moist climate at the bottom of the Saspowska Valley (Krrin, 1967). The mi-

Table I

Tloral composition of the Arrhenatheretum elatioris alchemilletosum stand with Cirsium olera-

ceum. Phytosociological record made by Mgr K. JANKOwWSKA on July 3, 1966. Plot area —

100 sq. m., altitude — 340 m, exposure — W-E, inclination — 0—2°. Cover of herb layer —
100 per cent, cover of moss layer — 10 per cent.

Ch. Arrhenatherelum: Cirstum rivulare -2
Vicia cracca -2
Cerastivm vulgatum : -
Lathyrus pratensis -
Ch. Arrhenatherion: Lychnis flos-cuculi 4
Poa trivialis -

Arrhenatherum elatius —+
Geranium pratense -

Trisetum flavescens Salloll : :
COrepis biennis =L Prunella vulgaris -+
Knaulia arvensis i Stellaria graminesn b
: Trifolivm pratense -
Ch. Arrhenatheretalia: Cardamine pratensis r
Alchemilla crimita. 2:2
Alchemilla pastoralis 929 Others:
Heraclewm sphondylium 2:1 Alchemilla glabra il
Taraxzacum officinale 1-1 Festuca rubra 1-1
Phleum pratense -2 Primula elatior 11
Achillea millefolium - Veronica chamaedrys 1-1
Bellis perenmnis —+ Agropyron repens -2
Centaurea jacea - Agrostis vulgaris it
Chrysanthemum leucanthemum - - Alchemile aculiloba -+
Galium mollugo - Carex contigua -+
Lolium perenne T+ Carex hirta -+
Trifolium repens |- Hquisetum arvense -
Glechoma hederaceq -
Ch. Molinio-Arrhenatheretea: Lotus corniculatus -
Alopecurus pratensis 7 3.9 Lysimachia nummularic -+
Cirsium oleraceum 3.9 Myosotis palustris e
Dactylis glomerata 2:2 Plantago media Sl
Deschampsia caespitosa 22 Rm?un:ml/u,.s.repens ' -+
Festuca pratensis 11 Salixz fragilis (seedling)
Leontodon hastilis 1-1
Leontodon hispidus 11 D Mnivm undulatum 1-2
Plantago lanceolata 11 Brachythecium sp. -+
Ranunculus acer -1 © Rhytidiadelphus squarrosus -+
Bumex acetosa 2 el ,

croclimatic conditions are moulded under the influence of radiation and insola-
tion. The active surface of the area is the turf, which attains a héigh.t. of 40 cm
in the full vegetation season. Owing to the high slopes the meadow lies in the
zone of calm. In the regionalization of the Ojeéw National Park carried out
in respect of its microclimates (KLEIN, NIEp/wIinpZ & SZTYLER, 1965) the
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present study area has been included in the cool region ofv alley bottoms, marked
by its great 24-hour amplitudes, which are about 5—10°C higher than those
in the upland. Masses of cool air, often subsisting here all the day and night,
are responsible for the fact that the temperature is occasionally 10°C lower
than in the upland. Slight radiation frost is characteristic in spring and autumn.
In the winter the valley floor is shaded by Chelmowa Goéra Mt. and receives far
less solar radiation, which fact in conjunction with the low temperatures, causes
the snow cover to linger on the average 12—14 days longer than in the upland.

The relative air humidity is high, especially at the time of temperature
inversions, when the radiation-fog persists in the valley, and often exceeds
the humidity in the open upland by 30 per cent.

This study was carried out at intervals of 15—30 days from April to Novem-
ber in 1966—1967. Four species of cassids were observed and examined: Cassida
rubiginosa MULL., C. vibex L., C. viridis L. and C. flaveola THUNBG. The first
two species fed on the leaves of Cirsium oleraceum, C. viridis L. on the leaves
of Mentha longifolia, and C. flaveola THUNBG. on those of Stellaria graminea.
The leaves of all the specimens of Cirsium oleraceum (Fig. 2), Mentha longi-
folia and Stellaria graminea within the study area were closely examined for
the presence of adult and juvenile beetles and larvae, and their numbers were
noted down. In addition, the marking and recapturing of the beetles under
study were applied in 1967. ,,Wilbra“ paints for leather in a few colours were
used alternately for marking in successive periods of investigation. These paints
appeared to stick well to the wing-cases of the beetles and to be harmless to
their vital activities. ¥

In connection with the supposition that at the end of the summer and in
the autumn the young beetles migrate from the meadow to their winter-quar-
ters in the forest, an investigation was made in a hornbeam forest on a slope
with the northern exposure on November 10 and 11, 1966 and on a slope with
the southern exposure from November 20 to 22, 1967 (Fig. 1). Eight horizontal
lines were marked out between the edge of the forest and the feet of the rocks
and along each of them 10 samples of litter were taken (at intervals of 35 m,
using a hoop with an area of 1/8 sq. m) on the slope with the northern expo-
sure and 40 samples on the slope with the southern exposure; thus we obtained
80 and 320 samples, respectively. The samples were screened using an ento-
mological screen and the contents were put in plastic bags (10 screened samples
in each bag). Next they were closely examined in the laboratory and the speci-
mens of cassids present in them were picked out.

In order to determine the amount of dry matter and free water in the body
of cassids of the species examined, the specimens of freshly hatched beetles,
the beetles migrating to their winter-grounds and those hibernating, 10 from
each group, were weighed and dried for 2 days in a dryer at a temperature of
85°C and next for an hour at 105°C. They were, in turn, weighed to an accu-
racy of 0-1 mg on an analytical balance and the percentages of dry matter and
free water were calculated.
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Tig. 2. Range of Cirsium oleracewm in the study area in the Arrhenatheretum elatioris alche-
milletoswm meadow in the Ojeéw National Park. 1 — continuous range, 2 — single specimens
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Two series of microclimatic measurements were made in the meadow and
forest (November 20—22, 1967 and February 5—7, 1968) to obtain data for
the close determination of the conditions in which the cassids hibernated. The
- study included air temperatures (at heights of 1, 5, 20 and 150 cm), soil tempe-
ratures (at depths of 0, 5, 10 and 20 cm), thu;kness of snow cover and other
weather factors.

To find whether the occurrence of wintering cassids in the litter depends
on its thickness, the thickness of the layer of fresh litter (Aoo’) and that of
putrefying litter derived from the previous year (Aoo’’) were measured in 3 zo-
nes: a) along the forest edge, b) half-way up the slope, and ¢) at the foot of
the rocks. Twenty measurements were taken along each line.

III. RESULTS
1. Microclimatic Conditions

Air temperature has a great effect on the activity of cassids. It is supposed
that +13:0°C is the threshold value above which the activity of these beetles
increases remarkably. In April (Table IT) the prevailing temperatures in the
meadow are higher than +13-0°C and they provide favourable bioclimatic
conditions for cassids, which at this time begin to re-emigrate from the winter-
quarters to the meadow.

Towards the end of the vegetation season the meadow in the Saspowska
Valley has considerably worse climatic conditions than those in the hornbeam
forest on the southern slope. It does not receive energy from the direct solar
radiation any longer, because it lies within the range of the shadow of Chetl-
mowa Goéra Mt. In the second half of August and in September slight radiation
frost and temperature inversions, connected with it, occur very often, whereas
higher temperatures and more favourable humidity conditions prevail in the
hornbeam forest, situated higher up the slope, where insolation is great (KLEIN,
MS.). The early autumnal slight radiation frost markedly worsens the bioclima-
tic conditions in the meadow, where, as will be seen from Table III, in 1966—
1967 the minimum September air temperatures never exceeded the threshold
value of +13:0°C. These low temperatures probably exert an influence on the
migrations of the cassids to the wooded region.

When microclimatic measurements were being taken in November 20—22,
1967, the weather was under the influence of an anticyclone. Owing to radia-
tion and the influx of masses of cool polar-maritime air the temperature fell
below 0°C throughout southern Poland. It was the first attack of winter. As
a result of temperature inversions caused by night clearing up and calm in the
‘Oje6w National Park, the temperature at the bottom of the Saspowska Valley
(in the meadow) fell to —6-0°C. The frosty weather persisted till mid-day
on November 21, 1967, when masses of far warmer air flowed in so that even at
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Fig. 3. Air and soil thermo-isopleths during the autumnal series of microclimatic measuremepts
in the bottom of the Saspowska Valley in November 20—22, 1967.

a) meadow, b) hornbeam forest on southern slope.
Areas of temperatures below 0°C are hatched.
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night the temperature did not fall below 0°C. The differences in the thermal
stratification of the ground layer of atmosphere also decreased. They have been
presented by means of thermo-isopleths in Figure 3 a and b.

The differences in air and soil temperatures between the meadow and the
hornbeam forest on November 20—22, 1967 are given in Table IV. As can be

Table IV

Differences between the temperatures in the meadow and those in the hornbeam forest in the
autumn (November 20—22, 1967)

Ditferences in Air Differences in Soil
T o :
Date and Time of Measurement Temperatures Temperatures

1500m‘ 20cm’ 1 em Ocm*lScm **( IOch 20 cm

November 20, 1967

15-40 —04 | —1,2 | —1,0 | —2,6 | —3,1 | —3,2 | —3,8
18-40 —1,8 | —1,8 | —2,4 | —2,9 | —2,5 | —3,3 | —4,0
20-40 —1,0 | —1,6 | —1,2 | —2,6 | —3,6 | —3,4 | —4,0

November 21, 1967

6-40 010 =098 =T - o5 sekag | gg ] 1]y
9-40 =R Sl 00 | =oE agig | g0l UlE
12-40 =08 08 1 —02 |94 w30 leigg il fg
15-40 =05 |02 08 [ —97 | ~esig | igig | 4F
18-40 04 | 00 06 0G| ay s g
20-40 o Lo | g o e At s i g

November 22, 1967

6 40 =01 |06 ler08 i Bei g gy

9-40 C04 02090 N ap it g | ey
1240 0 ol B0 g s f e e
15-40 =0 [ =06 —06°| 18 " ugn [Famg s g

Mean differences between the
temperatures in the meadow
and those in the hornbeam

forest
Explanations: * — at the surface of litter in the hornbeam forest
% _ between the layer.of litter and the humus horizon in the hornbeam
forest

seen from the data included in this Table, the temperatures taken in the horn-
beam forest were higher nearly all the time, especially the temperatures of the
zone of hibernation of the cassids clearly showed some advantage of the forest,
where they were higher by 3:5—4-0°C and provided more favourable condi-
tions for the beetles to winter than in the meadow. ;
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The occurrence of young fir undergrowth and numerous dry branches,
fallen from the trees, makes it possible for litter to accumulate in a large amount
on the floor of the forest. It plays the role of a thermoinsulator and prevents the
heat of the soil (accumulated in the summer) to radiate and, on the other hand,
protects the zone of hibernation of the cassids effectively against the invasion
of cool air late in the autumn and in the winter.

Measurements of the microclimatic conditions in the winter (Febrnary 5—7,
1968) were taken during the period of weather influenced by an extensive
cyclonic trough. A line of the occlusion travelled over Poland. As a result, the
weather was changeable, the cloudiness, slight at the beginning, increased with
time. Moreover, masses of warm air came from over the Mediterranean.

The continuous snow cover lay on the northern slopes, on the bottom of
the Saspowska Valley, in the gorges and gullies. The southern slopes, the wide
bottom of the Pradnik Valley and partly the slopes with the eastern and we-
stern exposures were covered by patches of snow, especially in shaded areas.
Remains of snow persisted also in the mixed forests in the upland region (Fig. 5).
The study area in the meadow was covered with a layer of snow, 30 em thick,
whereas in the hornbeam forest, where the wintering cassids were found, it
had melted. An exception was the floor of the Blotny D6t Gorge, where there
was still a 10-centimetre layer of snow and not a specimen of the wintering
cassids was found (cf. Figs. 1 and 5).

The thermal air and soil conditions in the study areas as well as those included
by way of an example from another area on a northern slope (where no win-
tering cassids were found) are presented in Figure 4a, b and ¢. The least favoura-
ble conditions were in the meadow, where the lowest air and soil temperatures
were recorded. In spite of a fairly thick snow cover, the earth was frozen
to a depth of 15 ¢m. On the other hand, the temperatures appeared very
favourable in the hornbeam forest, where, especially in the daytime, they were
far higher. The maximum temperature on the surface of the litter was --8-3°C
on February 6, 1968, whereas the temperature taken in the meadow at the
same time was —1-:0°C (under the snow cover). The differences between the
temperatures of the meadow and hornbeam forest are given in Table V.

The favourable insolation in the hornbeam forest, about 30 per cent greater
than in the Saspowska Valley (KLEIN et al., 1965) and, consequently, the higher
air and soil temperatures and the shorter subsistence of the snow cover (snow
in the hornbeam forest disappears about 20 days earlier than in the meadow)
make the conditions in the forest more favourable for cassids to hibernate than
those in the meadow.

2. Migrations and Wintering of Young Beetles

- The observations made in the spring showed that the first specimens of
adult beetles (the ones which had overwintered) of Cassida ‘rubiginosa MULL.
and C. vibex L. appear in the study area in the meadow in the first half of April
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Fig. 4. Air and soil thermo-isopleths during the winter series of microclimatic measurements
in February 5—7, 1968.
a) meadow in the bottom of the Saspowska Valley, b) hornbeam forest on the southern
slope, ¢) shady maple forest on the northern slope.
Areas of temperatures below 0°C are hatched. Dots indicate the thickness of snow
cover.

(Fig. 6a and b), and towards the end of this month and at the beginning of May
they come flying from their winter-quarters in increasing numbers. The appli-
cation of the method of marking and recapturing (1967) showed that new un-
marked beetles appear in successive periods of study (Table VI). This allows us
to draw a conclusion as to the re-emigration of cassids from the forest in the
spring. The maximum of re-emigration occurs in the first half of May and the
process becomes completed at the beginning of July. It was, besides, realized
that the adult beetles of Cassida rubiginosa MULL. and C. vibex L. perish in
masses except for a slight percent, from mid-May on, so that towards the
end of summer they are hardly met with in the study area.

The first specimens of young (newly emerged) beetles of Cassida rubiginosa
MULL. were seen towards the end of June and those of C. vibex L. in the first
half of July (Fig. 7a and b). The former appear in maximum numbers in the
second half of August and the latter in the first half of September.

These investigations suggest (cf. Figs. 6a, b and 7a, b) that Cassida rubi-
ginosa MULL. is very numerous in the study area, C. vibex L. not numerous, and
C. viridis L. and C. flaveola THUNBG. rare (this is why it was impossible to
~examine their fenology closely). These observations quite agree with the re-
sults obtained by PALIy and KLEPIKOVA (1957). Cassida viridis L. was,-in
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Fig. 5. A map showing the extent of snow cover in the environs of the Saspowska Valley on
February 5, 1968. ;
1 — snow cover 0—10 ¢m thick, 2 — snow cover 10—20 cm thick, 3 — snow cover
20—30 cm thick, 4 — single patches of snow, 5 — boundary of the study areas

addition, observed out of the study area, but was not found to be numerous
there. :

Cassids begin migrating to their winter-grounds- as early as the end of sum-
mer, when food still abounds in the meadow, which fact suggests that this
phenomenon is governed by climatic conditions. It is supposed that there are
2 main causes of the migration of young cassids to wooded areas: one of them
may be a difference in air humidity as early as the end of summer and the
other is undoubtedly a drive at finding as convenient a place for hibernation
as possible. This opinion is supported by the results obtained by KuUzNECOV-
UGAMSKI (1929) on the migrations of ladybirds and by CHROLINSKI (1963) on
those of weevils. Moreover, it was found that the cassids caught in the spring
and autumn attempt to fly, which would indicate that their migrations are
dependent on the seasons. CHROLINSKI (1963) observed this phenomenon in
weevils and considered it to be an expression of an increased excitement in
the nerve centres which in the spring and autumn actuate the flights from
one biotope to another.

The migration of young cassids begins in the second half of August, pro-
ceeds intensely in September, and comes to an end at the beginning of October
(Table VII). Experiments with marking and recapturing the beetles (1967)
showed that 1) young beetles of Cassida rubiginosa MULL. and C. vibex L. which
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Table V

Differences between the temperatures in the meadow and those in the hornbeam forest in the
winter (February 5-—7, 1968)

Differences in Air Differences in Soil
Date and Time of Measurement Temperatures Temperatures

1500m| 2001n[ 1 cm Ocm*}Scm *”' 10 cm I 20 cm

February 5, 1968

13-40 —2,2 | —2,8 | =23 | —1,7 | —1,2 | —0,7 | —0,9
15-40 —3,8 -==3,6 | —2,9 | —1,0 | —1,0 | —0,7 | —0,7
20-40 -+0,2 | —2,0 | —1,2 | —0,6 | —0,3 | —0,9 | —0,7

February 6, 1968

6-40 — 0,60 =18 [~ 2 ouliiyig il Sg o8 e giye | sgig
9-40 =oBl gl o e o (B g i e BdpTae e qfg
12:40 segupi ol g g sl LG gE el R N glor e Sl
15-40 gl Sl e iR et BB o ol Ty
20-40 iy | o e e R

February 7, 1968 j
6-40 — O e S e 0:0: F520,9 [ =211 | =207

9-40 o hepi8 <0l s gEilEtiaE e Rl 1
12:40 QA |18 990 o g Esgeg R il Bl
15-40 i F lolgil Ay s TG A R ey

20-40 02 Skajouil o I e i iy ey

Mean differences between the
temperatures in the meadow

and those in the hornbeam — Lo 27 [ =20 1,7 [ —L1 | —084 —0,9

forest
Explanations: ¥ — at the surface of litter in the hornheam forest
** — hetween the layer of litter and the humus horizon in the hornbeam
forest '

have emerged first stay in the study area for about 2 months and 2) the specimens
that wers the last to emerge stay for only about 2 weeks before they migrate
to a forest. It was also found that young beetles of C. vibex L. stay in their
feeding-grounds longest of all the cassid species examined, which fact is also
confirmed by the data presented by PAL1y and KLEPIKOVA (1957).

The amount of free water in the body of cassids migrating to their winter-
quarters decreases remarkably and reaches its lowest value in the whole extent
of life of these beetles (cf. Table VIII a, b and ¢). No biochemical analyses for
the demonstration of the content of fats and protein nitrogen in the dry matter
were made, but on the basis of the data presented by WEGOREK (1957) for the
Colorado beetle and by WiLskI (1953) for the pea beetle it is supposed that the
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Fig. 6. IFluctuations in the number of adult cassid imagines in the Arrhenatheretwm elatioris
alchemilletoswm meadow:
a) in the vegetation season of 1966
b) in the vegetation season of 19671
1 — Cassida rubiginosa MULL. 3 — Cassida flaveola THUNBG.
2 — Cassida vibex L. : 4 — Cassida viridis Li.
! The method of marking and recapturing was applied in. 1967.
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Table VI
The number of adult cassid imagines determined by the method of marking and recapturing
in 1967
: Study | 5 ?
Cassid period April April May May June July July August August
species : 13 26 9 29 20 4 19 2 17
Specimens
marked 257 218 348. 48 22 201 =215 2 —
I 17 sl —— —_— — i =
1T 102503 e — _— — ——
Cassida III 24 o -, 1 — - —
rubiginosa | recaptured IV 5HE LS 1 = -
ML, v 2 — — =
VI 2 — —
VII 1 -
VIII/ —
marked 3 9 16 32 5 8 1 1 —
g 1. — = = e — — e
II —_— = = = = — —
Cassid II1 1 - — 2 — —
Ll recaptured IV 4 Ve = =
vibex L. v 3 e ) oy
VI _ - -—
VII ,/ i i
VIII : —
Cassida marked e e 1 - — — —
viridis L. | recaptured V. - ctl e s
Cassida marked — - 2 i1 —— - - —- e
flaveola 111 SR L e e TR
TaUNBG. | recaptured IV Gel el L =
Explanations: I — recapture of specimens marked on April 13
II  — recapture of specimens marked on Apri]l-26
IIT — recapture of specimens marked on May 9
IV — recapture of specimens marked on May 29
V. — recapture of specimens marked on June 20
VI — recapture of specimens marked on July 4
VII — recapture of specimens marked on July 19

VIII — recapture

of specimens

marked on August 2

fat content of dry matter increases considerably, which is of great importance
to the wintering beetles.

The cassids’ winter-grounds were found in the hornbeam forest on the
southern slope of the Sgspcwska Valley (Fig. 1). These beetles hibernate, exclu-
sively as imagines in diapause, in putrefying litter derived from the previous -
year and covered by a layer of newly fallen leaves. These data are supperted
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Table VII
The number of young cassid imagines determined by the method of marking and recapturing
in 1967
Stud
Cassid \ peri 05[1 July July August August August September October
species \ 4 19 5y 29 11 24
Specimens
marked 1 9 39 66 50 27 —
I 2B e 2 e wi B
Cassida 1T - - — 3 —_—
rubiginosa | recaptured III 3 1 oo -
MorLL. IV 6 B e
Vv : 4 —
VI —
marked — 1 2 4 5 8 1
11 —- - - 1 —
Cassida 11T 1 e i £
vibew L. recaptured IV 1 — —
Vv Gl i
VI i
Cassida marked —_ —_— — — 2 — e
viridis L. | yecaptured V = =
Cassida
flaveola marked e — e il ol SN i 1
THUNBG. I
Explanation: I — recapture of specimens marked on July 4
IT — recapture of specimens marked on July 19
IIT — recapture of specimens marked on August 2
IV — recapture of specimens marked on August 17
V. — recapture of specimens marked on August 29

VI — recapture of specimens marked on September 11

by the studies carried out by KLEINE (1914), RAMMNER (1934 and 1937), ENGEL
(1932) and PAL1y and KLEPIKOVA (1957).

The wintering beetles found represented 6 cassid species, i. e., Cassida ru-
biginosa MULL. (10 specimens), C. vibex L. (3), 0. viridis L. (3), C. flaveola
THUNBG. (11), C. hemisphaerica HERBST (5) and (. nobilis L. (1). It is a striking
fact that there were as many as 11 specimens of €. flaveola THUNBG., which
was very rarely encountered in the study area. Perhaps, in the vegetation season
this species occurs also on Stellaria holostea, which grows in abundance in the
hornbeam forest. So far, neither C. nobilis L. nor C. hemzsphaemca HERBST
has been observed in the meadow.

While the litter samples were still being screened in the field, it was noted
that the specimens of wintering cassids were being found under litter, at a depth

2%
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a. Mean free water content in newly emerged cassids

Table VIII

Date of Analysis

Species

i
i

No. of Specimens

Percentage -
Water Content

August 1, 1967

Cassida rubiginosa
MuLL.

Cassida vibex Li.

Cassida viridis L.

10
10
10

81,37
81,51
85,67

b. Mean free water content in cassids migrating to winter-quarters

Cassida rubiginosa

August 31, 1967

ML - 10 | 53,51
Cassida vibex 1. 10 52,65
Cassida viridis L. 10 51,84

¢. Mean free water content in wintering cassids and other chrysomelids

November 21, 1967 | Cassida rubiginosa
i : FeMunL. - 10 55,06
~Cassida mbew L - 3 52,95
Cassida viridis L. 3 52,43
Cassida flaveolw
THUNBG. 10 55,68
Cassida hemisphaerica
Herpst -~ 5 50,29
Cassida nobilis 1. 1 53,34
Lema sp. 10 55,00
‘Phyllotreta sp. | 10 58,17

of 5—8 cm, their back turned towards the ground surface. Tt was besides obser-
ved that beetles of all the cassid species found wintercd singly, not in aggrega-
tions. The authors who have made studies on cassids do not state at what depth
these Deetles hibernate. On the other hand, VASILIEV (1963) claims that the
pest of the Manchurian walnut, Gastrolina thoracica BALY from the family
Ohrysomelidae, winters at a depth of 5—6 cm under forest litter, which data
come close to the results of the present study.

- It is noteworthy that most of the wintering cassids were collected in the
zone extending from the edge of the forest half-way up the slope (Fig. 1). This
fact suggests that there is positive correlation between the thickness of the
layers of litter (Table IX) and the occurrence of beetles hibernating in it. The
sums of the mean values of thickness of both the litter layers are somewhat
higher for the edge of the forest and the zone half-way up the slope than ’rhose
for the region of rocks, where only a few beetles’ were found.
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Table IX
Thickness of litter layers in em
Aoo” — fresh litter, Aoo”” — putrefying litter from preceding years
Mean Thickness of Litter :
Layers Calculated from 20 Sum of Mean Values
Points of Measurements, of Thickness of Both Litter
Site of Study in em Layers for 20 Points
: of Measurements,
Aoo” Aoo” e
Forest edge : 3,7 4,1 7,8
Half-way up the slope 4,1 4,5 - 8,6
At the foot of rocks 3,6 3,3 6,9

Although in the course of the investigation carried out in 1967 altogether
216 young beetles from 4 cassid species were marked and 320 litter samples
were screened in the autumn, not a specimen marked was found among the
cassids taken in the winter-quarters. To be sure, the paint on the wing-cases
of the beetles may have been rubbed off, when they were forcing their way
through the litter but, on the other hand, the number of beetles marked formed
only a small proportion of the whole population and thus the probability of
recapturing them in the winter-quarters was slight.

Metabolic processes run in the bodies of wintering cassids (especially the
combustion of fats) and result in the generation of water. Its amount increases
gradually during hibernation (Table VIIIc). A comparison of the data con-
cerning the average percentage free water content for newly emerged cassids,
for the specimens migrating to their winter-grounds and for those wintering
there (Table VIITa, b and c¢) with the data for the Colorado beetle (WERGO-
REK, 1957) shows clearly that these values are very much alike in different
members of the family Chrysomelidae. The data presented in Table VIIIc for
Cassida vibex L., C. viridis L., C. hemisphaerica HERBST and C. nobilis L. are
not quite exact, since they were calculated for less than 10 specimens of parti-
cular species. We failed to collect more specimens of these beetles.

SUMMARY

1. Young beetles of the cassid species under study stay on the host plants
from 2 weeks to 2 months and next they migrate to their winter-quarters
in wooded areas. In the spring they re-emigrate from the forest to the meadow.
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2. The cassid species examined hibernate exclusively as imagines in diapause
under litter, at a depth of 5—8 ecm. In cur case they wintered in the pro-
ximity of the study area, in a hornbeam forest on the southern slope of the
Saspowska Valley.

3. In the autumn migration season the percentage free water content of the
body of cassids falls from 81—85 per cent to 51—53 per cent. In the bodies
of wintering beetles the amount of free water increases gradually.

4. It may be stated on the basis of microclimatic measurements that cassids
find remarkably more favourable conditions for wintering in the hornbeam
forest than in the meadow. Higher air and soil temperatures occurred in
the hornbeam forest in nearly all study periods.

5. The advantage of the hornbeam forest in respect of microclimate is mani-
fested, among other things, by its greater insolation than in the meadow
(by about 30 per cent), shorter subsistence of snow cover (it disappears
about 20 days earlier than in the meadow) and earlier commencement of
the vegetation season (the liverwort Hepatica nobilis and lungwort Pulmo-
naria obscura are already in flower in-the hornbeam forest, while the oppo-
site slope is covered by a continuous snow layer and the last patches of

-snow are disappearing from the meadow).

6. Cassids find favourable conditions for wintering in the hornbeam forest
owing to the relatively thick layer oflitter, which accumulates among the low
fir saplings and dry branches fallen from the trees. The litter acts as a thermo-
insulator, preventing the soil from radiating its heat, accumulated in the
summer, and protecting against the invasion of cool air in the spells of late
autumn and early spring ground frost, when there is no stabilized snow cover.
Additional heat energy, contributing to the favourable thermal conditions
of hibernation of cassids, is generated as a result of microbiological processes
occurring in this layer.
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STRESZCZENIE

Powyzsze badania sg kontynuacja zespolowych prac, przeprowadzonych
przez Zaklad Ochrony Przyrody w latach 1964—1965 na lace Arrhenatheretum
elatioris 1 w lesie Fagetum carpaticum w Ojcowskim Parku Narodowym (,,Studia
ekosystemow...“, 1967).

Przeprowadzano je w latach 1966—1967 na wybranej powierzchni na lgce
Arrhenatheretum elatioris w Dolinie Saspowskiej (ryc. 1). Sklad florystyczny
badanej powierzchni przedstawia zdjecie fitosocjologiczne (tab. I). W okresie
od kwietnia do listopada w odstepach 15—30 dniowych obserwowano 4 gatunki
tarczykow: Cassida rubiginosa MULL. i 0. vibex L. na liciach Cirsium olera-
cewm (ryec. 2), C. viridis L. na li§ciach Mentha longifolia i C. flaveola THUNBG.
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n& lidciach Stellaria graminea. W kolejnych terminach badan przegladano ligeie
wszystkich okazo6w roflin Cirsium oleracewm, Mentha longifolia i Stellaria gra-
minea znajdujacych sie na tej powierzchni, notowano liczebno$é znajdywanych
okaz6éw dojrzalych oraz mlodych chrzaszezy. W 1967 r. zastosowano dodatkowo
znakowanie i powtérny odiéw badanych gatunkoéw chrzaszezy.

- W wyniku przeprowadzonych badan poznano sezonowe wahania liczebnogei
dojrzatych (ryc. 6a, 3b) i mlodych (ryc. Ta i b) chrzgszezy tarczykéw. Stwier-
dzono, ze na wybranej powierzchni Cassida rubiginose MULL. wystepuje bardzo
licznie, C. vibex L. nielicznie, a C. viridis L. i C. flaveola THUNBG. rzadko. Metoda
znakowania i powtornego odlowu wykazala, ze dojrzale chrzaszeze Cassida ru-
biginosa MULL. i C. vibex L. reemigruja juz w pierwszej polowie kwietnia na
lake, gdzie znajduja korzystne warunki (tab. II) dia swego rozwoju. Maksimum
reemigracji wystepuje w polowie maja, a zakonczenie z poczatkiem lipea (tab. VI).
Dojrzalte chrzaszeze ging masowo od polowy maja tak, ze z koncem lata nie
spotyka sie ich .w obrebie powierzchni.

Przyczyna migracji mlodych chrzgszezy na zimowanie w rejony le§ne sg
nigkie temperatury wystepujace na lace juz z koncem sierpnia i we wrze§niu
(tab. III). Migracja mlodych chrzaszezy tarczykéw rozpoczyna sig w drugiej
polowie sierpnia, intensywnie przebiega we wrzesniu i ustaje u Cassida rubigi-
nosa MULL. z poczatkiem pazdziernika, u O. vibex L. z koilcem tego miesigca
(tab. VII). Znakowanie i powtérny odtéw wykazaly, ze: (1) mlode chrzgszeze,
ktore wylegly sie majweze$niej, przebywaja na powierzehni okolo 2 miesiecy,
(2) okazy, ktére pojawily sie najpdzniej, przebywaja tylko okolo 2 tygodni.
W ciele tarczykéw migrujacych na zimowanie spada znacznie ilo§é wody wolnej,
nastepnie wzrasta stopniowo w okresie zimowania (tab. VIII).

Zimowiska tarczykéw stwierdzono w lesie grgdowym na poludniowym
zboczu Doliny Sgspowskiej (rye. 1). Zimuja one — wylgeznie w stadium imago
i w stanie diapauzy — w butwiejgeej §cidlee przykrytej §wiezo opadlymi ligémi,
na glebokogei 5—8 em. Przesiano 320 préb §cidlki i znaleziono lacznie 33 zimu-
jace okazy z 6 gatunkow tarczykow: Cassida rubiginosa MULL., C. vibex L.,
C. viridis L., C. flaweola THUNBG., C. hemisphaerica HERBST., (. nobilis L.
Stwierdzono, ze istnieje korelacja dodatnia miedzy grubodcig warstw $citlki
(tab. IX) a wystepowaniem w niej zimujacych chrzaszezy (vye. 1).

Przeprowadzono badania mikroklimatyczne jesieniag (20—22. XI. 1967) na
lace i w gradzie oraz zimg (5—7. IL. 1968) na lace, w gradzie oraz w lesie jawo-
rowym (zbocze pdéinocne). Stosunki termiczne powietrza i gleby badanych
powierzehni w jesieni przedstawiono przy pomocy termoizoplet na rye. 3a
i 3b, w zimie na ryec. 4a, 4b, 4¢. Réznice temperatur powietrza i gleby miedzy
laka i gradem jesienig przedstawiono w tab. IV, zimg w tab. V. Mapke zale-
gania pokrywy $nieznej w dniu 5. II. 1968 r. ilustruje rye. 5.

Powyzsze badania wykazaly, ze najbardziej korzystne warunki dla zimowa-
nia tarezykéw wystepuja w gradzie. Uprzywilejowanie gradu przejawialo si¢
w tym, ze prawie we wszystkich terminach badan wystapily tu wyZsze tempera-
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tury powietrza i gleby. Ze wzgledu na znaczenie krétsze zaleganie pokrywy
gnieznej i bardzo korzystne ustonecznienie znajduja tarczyki lepsze warunki
do zimowania w gradzie niz na lgce.

PE3IOME

Hccinenopanuss npoBeneHo B I1966—1967 rr. Ha w30paHHON IOBEPXHOCTH JIyra
Arrhenatheretum elatioris B Concniosckoit Homuue B Oiimosckom Hapomuom ITapke
(bur. 1). daopucruuecKkuii COCTAB MCCIICOBAHHON TIOBEPXHOCIH MPEICTABISIET (DUTO-
conmotornueckuil cuunox (1abia. I). B mepuop or anpens mo mosiops B 15—30 mues-
HBIX IPOMEKYTKAX IIPOBEAEHO Hadmrogenust 3a 4 pumamu 1UToHOCOK: Casside ru-
biginosa MULL. u . vibex L. na mucteax Cirsium oleraceum (dbur. 2), C. viridis L.
wa swcreax Mentha longifolia, a C. flaveola THUNBe. Ha muctesax Stellaria gra-
wminea. B ouepenHBIX CPOKAX HMCCIEHOBAHUN NPOCMATPUBAIMCH, JIMCTBA HA BCEX
oksemiuiszpax pacremmit Cirsium oleraceum, Mentha longifolia u Stellaria - grams-
new, HAXONSIIIMKCS Ha 9TOH IIOBEDXHOCTH, OTMEYAIACh UHCIIEHHOCTh HAHIEeHHBIX
3peNbIx 0colell, a TakyKe MOJIOABIX KyKoB. B 1967 r. mposemeno m06aBOYHOE MEUEHHE
U NOBTOPHLUI OTJIOB UCCICHOBAHHBIX BUIOB YKYKOB.

B pesyiibrare IPOBEIEHHBIX WCCICKOBAHMII YIAJIOCh Y3HATH CE30HHBIE KOJICOAHMS
uncnenHocry 3pensix (Gur. 6a, 60) u mosnoaeix (Gur. 7, a u 6) HKYKOB LUTOHOCOK.
Yeranosieno, uro ma usbpanmoit mosepxuoctd, Cassida rubiginose MULL. IOABIA-
10TcA B Oospiiom xoiauectBe, C. vibexr L. B HeGompiom xomuuecrse, a (. viridis L.
u O. flaveola THUNBG. — penxo. MeTo/l METOK M IIOBTOPHOIO OTJIOBA II0KA3all, UTO
spennie ocobu cyxoB Casside rubiginose MULL. u (. wibexr L. MOBTOPHO SMMIPH-
PYIOT y’KE€ B IEPBOM II0JIOBHMHE alpeJsIst HA JIYT, IVIe HAXOMAT OJAronpUATHBIE YCIOBHA
(rabn. II) mrsr cpoero passurusA. MaxkcumyMm peoMHUrpaly HACTYIIAeT B IOJOBHHE
Masi, a OKoHJaHxe B Hawaje mions (tabs. VI). 3penble sKyKH MACCOBO IIOTHOAIOT TAK,
UYTO B KOHIC JIETA OHM HE BCTPEUAIOTCS HA OTOH NOBEPXHOCTH.

[IprunHO MUTPAIME MOJIOJBIX YKYKOB Ha SMOBKY B JIECHBIE PAHOHDLI SIBJISIIOTCS HU3-
KU€ TeMIepaTypbl, OTMEUCHHBIE Ha JIyTY y>KEe B KOHIIEC aBrycra W B ceursiope (tadmn. IIT).
Murpanust MOJIOABIX JKYKOB IMUTOHOCOK HAUMHAETCA BO BTOPOH TOJIOBHHE aBIyCTa,
MHTEHCHBHO IIpo0eracT B centsAbpe u ocramapmusacrcss y Cassida rubiginose MULL.
B Havaie oxra6psa, y C. vibex L. B xoune aroro mecsma (tabn. VII). Pasmerxa u moB-
TOPHBI OTI0B MOKa3aIM, 4T0: (1) MOJIOABIE YKYKH, KOTOPbIE HOSABHUJINCH PAHBIIE BCEX,
HAXOJATCS HA IPOOHOI IOBEPXHOCTH OKOJO 2 Mecsaues, (2) 0cofH, KOTOpPbIE IOABH-
JIACH TIO3KE BCEX, HAXOJATCA HA IOBEPXHOCTH TOJIBKO OKOJIO 2 HEHedp. B Teie muro-
HOCOK, MHUI'DHPYIOIMX HA 3UMOBKY, 3HAUMUTEILHO TIOMIYKAETCS KOJIMYECTBO CBOOOJHOM
BOJBI, a 3aTeM-IOCTENEHHO NOBLINIACTCA B nepuoy sumosku (tabm. VIII).

3UMOBKH IIUTOHOCOK YCTAHOBJICHO B JmcrTBennom cmemanmom Jecy (Tilio-Car-
pinetum) Ha 1oxxeoM crutone Jomumsr Concmoekoit (dur. 1). 3umy mpoBomsaT OHH —
HCKJIIOUNTEJILHO B CTaJHM MMAro ¥ B COCTOSIHHHM JMAnaysbl — B I'HUIOLIEH IOJCTHIKE
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(mpUKpUTOll CBEKEONABIINMY JHICThAMM) Ha riybune 5—8 cm. ITpoceso 320 1po6
NOACTIIIKY M HaiieHo B cymme 33 sumyrompe ocobu u3 6 BumoB murosocok: Cassida
rubiginosa MULL., C.wvibex L., C. viridis L., C. flaveola THUNBG., C. hemisphae-
rica HERBST, C. nobilis L. YCTaHOBIEHO CyI[ECTBOBaHUE IOJIOYKUTETIBHON KOppe-
AMUE MEXAY ToJIMHON cinoés mopctwika (tabn. IX) um mpucyrcrBueM B HeEl sumy-
ronux xykxoB (dur. 1).

IIpOBENEHO MHUKDOKIMMATHUECKUE HCCICHOBaHMA OoceHpro (20—22. XI. 1967) na
JYry W B JIMCTBEHHOM CMEIIAHHOM Jiecy, a Taioke sumoit (5—7. II. 1968) ma uyry,
B JIACTBEHHOM CMEIIaHHOM JIECy ¥ B IUIATAaHOBOM Jiecy (Ha ceBepHOM CKJoHe). Tepmu-
YecKUe COOTHOIIEHMS BO3MyXa U MOUBBI, HCCIEIOBAHHBIX IIOBEPXHOCTEH, OCEHBIO IIPEI-
craBieHo Ha Tepmousoruierax (Qur. 3a u 306), sumoit ma dur. 4a, 46, 4. Pasuuue
TEMIEPATYp BO3/IyXa ¥ IOUBBI MEXKAY JIYTOM U JIMCTBEHHBIM CMEIIAHHBIM JIECOM OCEHbIO
noxasano B Tabn. IV, 3umoii B Taba. V. Kapry cuexxuoro moxposa 5. IT. 1968 r. mo-
KasaHo Ha ¢ur. 5.

BrImeynoMsIHyThIE HCCIIEOBAHMSI [JOKA3aIM, YTO HauOoJsee OJaronpusTHBIE YCIIO-
BUS JUIS 3UMOBKH IIIUTOHOCOK OBLIM B JIMCTBEHHOM CMelIaHHOM Jecy. IIpuBmierupo-
BAHHE JIMCTBEHHOTO CMELIAHHOIO JIeCa MPOSABJIAIOCH TEM, UTO IMOUTH BO BCEX CPOKAX
HCCIIEOBAHMIT 37[eCh OTMEUYEHO 00JIee BLICOKHE TEMIIEpaTyphbl BO3/yXa M MOUBbI. Tak
KAK B JIACTBEHHOM CMEIIAHHOM JIECY CHEXKHBIII IIOKPOB JIEXKUT KOPOYE M HHCOJIILHA
JIydIast, MUTOHOCKY HAXOMAT JIyUILME YCIOBHUSA JUIST 3HMMOBKH B JIMCTBEHHOM CMEIIAH-~
HOM JIeCy 4eM Ha JIyry.



ERRATA

Page Line Instead of Read
Strona | Wiersz Jest Ma byé
316 13 B KJIMMATHUECKUMHI ¢ KIIMMaTHYECKUMU
319 1 ofv alley of valley
338 (ryc. 6a, 3b) (rye. 6a, 6b)
338 14 z koncem lata nie spo- z koricem lata prawie
: tyka sie ich nie spotyka sie ich
339 26 B KOHIIE JIETA OHY HE BCTPE-| B KOHIE JIETA OHY IOYTH HE
YaI0TCA BCTPEYAIOTCS
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