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Abstract: Investigations carried out in the years 1966—1971 on a meadow in the Sas-
Powska Valley in the Ojcéw National Park showed that the maximum length of life of cassids
Was not one year, as was previously believed, but almost 4 years in the case of Cassida rubigi-
"0sa MrrL., 3 years with C. vibex L. and C. viridis L., and 2 years with C. flaveola THUNBG.;

®males living always longer than males. The highest fecundity occurs with 1-year old females
(200—350 eggs) decreasing with 2- and 3-years old specimens. The emergence and development
of cassids depend on physical factors (temperature, insolation, rains, wind) while the biotic
Actors (parasites, predators, microorganisms) play a decisive role in the reduction of develop-
Ment stages of these beetles. In relation to the initial number of eggs the total reduction
Vas very high (98-:00—99-50 per cent). The investigated species of cassids have essential eco-
Omic importance. . rubiginosa MULL. and O. vibex L. strongly attack Cirsium arvense, C. vi-
Mdis 1, — Mentha arvensis, Stachys palustris, and Galeopsis pubescens, and C. flaveola THUNBG. —
’Sfellcm'a media, moreover, it was found that . nebulosa L. and C. nobilis L. attack Chenopo-
5 “m album, while Hypocassida subferruginea ScHrRNK. damages Convolvulus arvensis. The
OVe mentioned species of cassids reproduce easily and in masses under laboratory conditions,
imelr_COmplete development taking as little as 30 days, hence real possibility exists of using
_1A8nes and larvae of these species for biological control of troublesome field weeds.
1~ Acta Zoologica Cracoviensia XX/9
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I. INTRODUCTION

Subfamily Cassidinae is a wel] distinguished group of beetles with a number
of typical morphological, ecological, and nutritive features. According b0
ZWOLFER and BEICHHORN (1966) it includes about 2600 species. This groupP
is particularly well represented in Neotropic, in Palearctic only 90 specics
occurring (ZWOLFER, EICHHORN, 1966, SteNmavsew, 1950). In temperate



zones (European part of the USSR and neighbouring European countries)
the total number of about 40 species of these beetles were reported. In the
majority of cases they are mesophilous species with an inelination to hygrophilo-
Sity (PAL1T, 1959). All Palearctic cassids live on a small number of plant families,
from which the following should be mentioned: Compositae, Labiatae, Caryophyl-
lacae, Chenopodiaceae, and Conwvolvulaceae. Both in the larval and in the imaginal
stage cf life under optimal conditions cassids are monophagous or very narrow
oligophagous animals (PALLT, 1959, LorPATIN, 1960, OGLOBLIN and MEDVEDEY,
1971). Because of the fact that several species of cassids have essential economic
Importance this subfamily has for a long time been the subject of interest and
investigation of numerous specialists from various countries.

The relatively greatest number of data in the literature concerns the follo-
Wing gpecies of cassids: :

Cassida rubiginosa MULL. (SEREMET, GORBUNOV, 1969, GORBUNOV, SERE-
MET, 1968, ZWOLFER, EICHHORN, 1966, PAL1y, 1959, PALIS and KLEPIKOVA,
1957, Kreing, 1917, 1918, and 1919, VAN EMDEN, 1962, DUBESKO, 1970, OGLO-
BLIN, MEDVEDEV, 1971, STEINHAUSEN, 1950, REITTER, 1912, MATIS, 1968, 1971,
SApIRO and CERNYSENKO, 1963, and LopATIN, 1960);

Cassida viridis L. (ENGEL, 1932, 1935, MANOLACHE, 1938, KLEINE, 1915, 1917,
PAry 1959, PAniy and KLupIkovA, 1957, STRINHAUSEN, 1950, VAN EMDEN,
1962, Maris, 1968, LopATIN, 1960, REITTER, 1912, SAPIRO and CERNYSENKO,
1963, OcrosLIN and MEDVEDEV, 1971); :

Cassida nebulosa L. (KLEINE, 1914, 1915, 1916, 1918, and 1920), MANOLACHE,
1936, SreinmAUsEN, 1950, PALLy and KLEPIKOVA, 1957, PALLy, 1959, MArIs,
1968, 1971, Sariro and OrrNYSENKO, 1963, REMTER, 1912, DUBESKO, 1970,
Ocrosriy and MepveEDEY, 1971, NIETZKE, 1939, WILKE, 1923, LOPATIN, 1960);

Cassida nobilis L. (KLEINE, 1919, KAUFMANN, 1933, STEINHAUSEN, 1950,
Pariy and KLeprikovA, 1957, PALIT, 1959, LoPATIN, 1960, REITTER, 1912, MATIS,
1968, Sarmro and OnrNYEENKO, 1963, OGLOBLIN and MEDVEDEV, 1971, MENO-
221, 1938);

Hypocassida subferruginea SCHRNK. (SEREMET, GORBUNOV, 1969, GORBUNOV
and SpreMEeT, 1868, PALIT and Krepixkova, 1957, PALLy, 1959, SIEINHAUSEN,
1950, Marts, 1968, Saprro and CERNYSENKO, 1963);

Cassida vibex L. (OGLOBLIN and MEDVEDEV, 1971, STEINHAUSEN, 1950,
Vax EMpEN, 1962, ZWOLFER and EICHHORN, 1966, PALIS and KLEPIKOVA,
1957, Par1s, 1959, Rerrrer, 1912, LoPATIN, 1960, MATIS, 1968, S4PIR0 and CER-
NYSeNKo, 1963).

The following species were investigated in a smaller degree:

Cassida prasina ILL. (PAL1y, 1959, PALiy and KLEPIKOVA, 1957, SAPIRO
and Cpryvimnko, 1963, LOPATIN, 1960, STEINHAUSEN, 1950, KreINg, 1917,

ATTS, 1968, OGLOBLIN and MEDVEDEV, 1971, REITTER, 1912);

Cassida flaveola THUNBG. (KLEINE, 1917, STEINHAUSEN, 1950, VAN EMDEN,

}962, PAr1y and Krwpikova, 1957, REITTER, 1912, MATIS, 1968, SAPIRO and

OERNYéENKo, 1963);
1*
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Cassida sanguinolenta MULL. (OGLOBLIN and MEDVEDEV, 1971, VAN EMDEN,
1962, STEINHAUSEN 1950, REITTER, 1912);

Cassida rufovirens SUFFR. (PALIT and KLEPIKOVA, 1957, STEINHAUSEN, 1950,
JEITTER, 1912).

The bioclogy of Cassida hemisphaerica Hpst. is so far quite unknown from
a few informations about the foodplants of this species (STEINHAUSEN, 1950,
REITTER, 1912, OGLOBLIN and MEDVEDEV, 1971).

Up to the present the most comprehensive and detailed reports concern the
results of investigations on the taxonomy and morphclogy c¢f cassids (REITTER,
1912, KLEINE, 1917, SiMM, 1948, STEINHAUSEN, 1950, PALLS and KLEPIKOVA,
1957, PALLy, 1959, ZWOLFER and E1cHHORN, 1966). Data on the biology of the
above-mentioned species are in the main limited to list of foodplants cf beetles
and larvae, description of feeding and behaviour, phenology cf the emergence
of development stages, migration cf imagines to winter-quarters (in a rather
general way), description ¢f the structure of egg batches, of numbers of eggs in
batches, and of places where the eggs are laid on plants, and to a rather insuffi-
cient discussion of the development cycle cf cassids under field and laboratory
conditions. Informations on the ecology of cassids are scant. The descriptions
of biotopes of particular species are relatively precise while the influence of
physical and biotic factors on the development and degree c¢f reduction of
development stages of cassids has been too generally approached. The problem
of the economic importance of cassids has been discussed with full particulars
but the opinions of various workers are different and often contradictory.

In our country the data on the subfamily of cassids are very scant (MAR-
KIEWICZ, 1948, Simm, 1948, ZURANSKA, 1959). The only irformation on the
occurrence of cassids in Ojeéw is found in the work of EICHLER (1914).

In spite of a rich literature on this beetle subfamily and of numerous investi-
gations carried out on them, serious gaps oceur especially in the biclogy and
ecology of cassids. The evaluation of the life length, sex ratio, and size of the
population of imagines, rate of survival of beetles throughout the period of
wintering, the phenomenon cf "complementary feeding” in the spring period,
the evaluation of the fertility of females of different age, the phenology of
emergence, the process of development and changes in the degree of density
of consecutive development stages of cassids, the influence cf abiotic and biotic
factors on the reduction of these stages and on the oceurrence and course of
diapause in young imagines, as well as the bioenergetics of development stages

of cassids should be thoroughly investigated. The problems mentioned above
were the aim of the present work. :
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identification of predatory mites, Dr.B. Buraxowskr for the identification
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II. DESCRIPTION OF THE STUDY AREA

The study area (pl. XXI, A, B)includes a plot in a meadow Arrhenatheretum
elatioris alchemilletosum (MEDWECKA-KORNAS, 1963) in the Ojcéw National
Park on the bottom of the Sgspowska Valley. The Valley runs from west to east
and in the cross-section is characterized by a flat bottom, cut by the deep
bed of a stream and steep rocky slopes. The spaces between little rocks are
occupied by a hornbeam of the subassociation Tilio-Carpinetum typicum widely
Spread in the Ojeéw National Park and much drier than Tilio-Carpinetum
stachyetosum (MEDWECKA-KorNAS, KOrRNAS, 1963). Beginning from the border
of the forest up to the middle of the slope height considerable numbers of fir
young undergrowth occur and favour the gathering of great amounts of litter in
the successive years.

The investigated area is a mid-forest meadow from the east bordered by
a slope of the Chelmowa Goéra Mt.,and from the north neighbouring on a slope
of the Zlota Goéra Mt. (pl. XXI, A). The northern line of the meadowisthe river
bed of the stream Saspéwka, on whese banks strips of a river-side forest Alno-
-Padion (MEDWECKA-KORNAS, KorNaS, 1963) occur. On the south side the
stream Miynéwka flows partly overflowing the south-east border of the meadow
in the periods of storms and spring thaws. The surface of the meadow shows
Certain differentiation which is particularly marked in the south-east part,
the soil being more wet and alkaline (KARKANIS, 1967). The species composition
of plants within this area is in general not different from the rest of the meadow
(JANKOWSKA, 1967) with the exception of the presence of Cirsium oleraceum (1..)
Scop., which only here occurs.

At present the unmown surface of the meadow is in the state of succession,
Which is chiefly marked by the change of the quantitative and qualitative share
of separate species of plants (JANKOWSKA, 1967). In the first year grasses
constituted 52 per cent of the overground biomass of plants and dicotyledonous
blants 48 per cent in the uncut meadow. After 3 years the share of monocotyle-
donous plants increased by 13 per cent at the cost of dicotyledonous ones.
At the same time seedlings of trees and bushes appeared (Carpinus betulus L.,
Alnus glutinosa (L.) GAERIN., Corylus avellana L., Salix caprea L., Quercus sp.).
The share of separate species of plants increased or decreased in the total
biomags (e.g. Dactylis glomerata L. from 8 to 23 per cent). Decrease in the number
of green shoots was very distinet; the process of a decrease in the total number



of gpecies being also observed: in 1964 in one sample of the surface of 1/16 sq. m.
the average number of 24 species of vascular plants were recorded and in 1966
14 species. The rate of succession of the meadow, which may be identified as
secondary, influences the quantitative decrease in the vegetal production
(JANKOWSKA, 1971) (the difference amounting to 18 per cent in the years 1964—
1968). In the years of the investigation new species of plants also appeared
in the uncut meadow: Geranium phaeum L., Polygala comosa SCHKR., Urtica
dioica L., Myosotis palustris (L.) NATHORST., Cirsium rivulare (JACQ.) ATLL.,
Mentha longifolia (L.) Hups., Impatiens noli-tangere L., Hypericum maculatum
CR., Aegopodium podagraria L., Potentilla anserina L., Circaea lutetiana L.,
Agrostis alba L., Festuca arundinacea ScHREB., Ohrysosplenium alternifolium L.,
Galium aparine L., Poa annua L. Moreover, within the area the following
hygrophilous plants oceur: Alopecurus pratensis L., Ranunculus repens L.,
and others.

This character of the vegetation is connected with the relatively cool and wet
climate on the bottom of the Saspowska Valley (KLEIN, 1967). The microclimatic
relations are formed by the influence of radiation and insolation factors. The
active surface is the sward reaching 40 em in full vegetation season and owing
to high slopes the meadow is in the zone of calm. In the micreclimatic regionali-
zation of the Ojeéw National Park (KLEIN, NIEDZWIEDZ, SZIYLER, 1965).
the study area was included in the cool region of valley bottoms, characterized
by great 24-hour amplitudes, about 5—10°C greater than those on theupland.
The masses of cool air, often persisting all days, oceasionally bring about tempe-
ratures lower by 10°C than in the upland. Characteristic radiation frosts oceur in
spring and autumn. Because of the situation of the meadow on the bottom of the
Saspowska Valley the shading of the study area by the Chelmowa Goéra M.
undergoes constant changes throughout the year and considerably influences
the development of the vegetation and invertebrates on the meadow. In conse-
quence of complete shading of the valley bottom in winter the sun radiation
18 much weaker here, this fact together with low temperatures bringing about
longer persistence of the Snow-cover than in the upland (on the average by 12—14
days longer). The air humidity is great (often by 30 per cent greater than in the
open upland) especially in the period of thermic inversions when radiation
foggs persist in the valley.

III. METHOD OF INVESTIGATION

The investigation was carried out in the years 1966—1971, the year 1966 being
regarded as preliminary, while proper investigation methods were elaborated,
precise identification of larvae of particular species in the first and second instar
Qf their life and the spectrum of foodplants which cccurred in the region of the
investigation were studied in detail. In the period of investigation temperatures
and air humidity were registered at the altitude of 2 m above soil surface using



a weekly thermohygrograph installed in a climatologic box while the rains were
neasured using a rain gauge.

In the successive years from April to October at 7—30 day intervals 6 species
of cassids were observed and examined: Cassida rubiginosa MULL., C. vibex L.,
0. wiridis 1., C. flaveola THUNBG., C. prasina TLL. and C. hemisphaerica HBST.
(the last two species occurring outside the study area). The first two species feed
on the leaves of Cirsium oleraceum (1..) Scop. (pl. X X1, 0), C. viridis L. on the leaves
of Mentha longifolia (1) Hups. (pl. XXI, D),and C.flaveola THUNBG. on the leaves
of Stellaria graminea L. (pl. XXI, E). Within the study area the leaves of all speci-
meng of foodplants ¢f cassids were carefully examined, the phenology of the
emergence and the numbers of individuals in all development stages of these
beetles being noted. Moreover, supplementary observations were carried out
outside the study area (in the Saspowska and in the Pradnik Valley) on the
biology of Cassida nebulosa L., and C. nobilis 1., and (outside the Ojeéw National
Park) on Hypocassida subferruginea ScnrNk. The observations carried out on
these species were only concerned with their foodplants and had the aim to
determine the actual role of these beetles in the economy of man. Besides, both on
the investigated meadow and in the territory of the Ojeéw National Park
the catch with a sweep net was used as an additional method in the investigation
on the occurrence and numbers of cassids.

In the period of the investigation (with the exception of 1969) within the area
the method ¢f marking and recapturing of beetles of the investigated species
Was used. A leather paint ?Wilbra” in a few colours was used for marking in the
Suceessive terms of investigation. It was found that the paints stuck well to the
clytrae of imagines even throughout a year and had no negative influence on
their life functions. In the years 1969—1971 in the periods of the maximum
€mergence ¢f imagines of the 4 investigated species a complete cateh of beetles
Was carried out in the whole area throughout 5 days in order to determine the size
of population of these species. In the years 1966—1971 the observations of the
Maturation of imagines in spring, of the time and course of copulation, and of the
Sex ratio in old and young beetles were conducted in round boxes of the diameter
0f 40 em and the height of 10 em, made of wire and covered with nylon gauze.

The investigations on the fertility of females at different age and on the
!ength of life of imagines of both sexes were carried out in the years 1969—1971
I permanent observation stations on the meadow, 20 X 10 cm sacs of nylon
8auze being used. Single specimens of fertilized females were placed on leaves of
f00dplan’cs, the leaves being carefully put into the sacs which were tied with
4 8tring at their base. At 3—9 day intervals the sacs with females were placed
On new leaves, the number of egg batches and the number of eggs on the old
leaveg being noted. The procedure was repeated throughout the vegetation
Season up to the end of October while, after the fertility of females ended,
the survival rate of beetles was only observed.

The investigations on the development and rate of the reduction of eggs,
I“‘TVae, and pupae of cassids by physical factors were also carried out in the
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years 1969—1971 in permanent observation stations. The leaves of the foodplants
of cassids where the eggs were laid, were surveyed at 3—7 day intervals and the
rate of development of eggs was recorded up to the moment of hatching on the
first and the last larvae. Afterwards all batches which escaped destruction were
gathered from leaves and observed in the laboratory in order to determ'lne
the quantitative and qualitative composition of parasites of eggs of the cassids.
The percentage of eggs reduced by the physical factors (rains, wind) were calcu-
lated from the difference between the initial and final number of eggs.

The newly hatched larvae were placed on separate plants in the number
from a few to several on one specimen, the plants being then surveyed at the
intervals of 3—7 days and the number, length of the time of development,
and the degree of reduction of individual larval stages, pre-pupae, and pupae
were noted up to the moment of hatching of young imagines. In the years
1970—1971 the death rate of young imagines from the moment of emergence
to the beginning of wintering was investigated in sacs of nylon gauze (of the
dimensions of 50 x 25 cm) which were put on whole plants, the beetles collected
in the area and placed inside. When given plant was strongly damaged by the
cassids, the sac was moved on another specimen.

In order to determine the death rate of imagines of the investigated species
of cassids, as well of the young ones hatched in the vegetation period as of the old
ones, in the years 1968—1972 controlled wintering of these beetles was carried
out in the litter of the lime-hornbeam forest on 2 slope of a south exposition
in the Saspowska Vailey (pl. XXT, A). Beginning from the edge of the forest up to
the middle of the slope height three horizontal lines were drawn in the distance
of 5 m from each other and along them at the intervals of 3:5 m 1-litre jars were
placed, the bottoms of the jars being previously cut off. Round the jars the litter
was cut with a sharp knife, the jars were thrusted deeply and the beetles put
inside, the mouth of jars being covered with nylon gauze and tightened with
a rubber. For the first wintering 100 jars were used, 10 beetles being placed in
each, and in the next years 49 jars and 5 to 7 beetles in each were used. The jars
were covered with a small amount of litter in order to protect them from damage.
In the spring period (the first decade of May) the jars with the litter and beetles
were placed in bags, then the samples were carefully examined in the laboratory,
the percentage of living and dead specimens being calculated. The beetles of the
two sexes, which survived the first wintering, were put into the round boxes
described above and, after the copulation, the females were placed on leaves
in the bags, one specimen in each bag. In a similar way the survived males were
disposed. In autumn (October) living gpecimens were captured in the study
area and put into jars in the forest for repeated wintering. This procedure was
continued up to the death of the last old heetle and its aim was to evaluate
the length of life c¢f imagines of the investigated species.

In order to determine the quantitative changes in the foodplants of cassids
within the study area the measurements of their distribution on the meadow
were carried out in the years 1966, 1968, and 1970. Since it was assumed that
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a dependence exists between the occurrence of the development stages of the
investigated species of cassids and the degree of shading of the study area
on the meadow, special measurements were carried out in the vegetation season
of 1970. From March 21 (the beginning of the astronomical spring) at 1-month
intervals the degree of shading of the meadow from sunrise to sunset was
measured every hour. A plan of the study area in the scale of 1:200 was prepared
on the plotting paper and the range of shading of the meadow, measured every
hour with the use of a tape, was drawn on it. After the observation was finished
it was accepted that the parts of the meadow shaded throughout 8 consecutive
hours or longer, are within the zone of permanent shade. Similar schemes were:
Prepared for the next months up to 21st September. In the figures presenting the
changes in the degree of shading of the meadow in the successive months of
investigation, the stations of the development stages of cassids were marked in
accordance with their occurrence on foodplants throughout the vegetation
season.

In the course of several-year studies the observations on the degree of the
reduction of the development stages of cassids by parasites, predators, and
icroorganisms were carried out under laboratory conditions. The investigated
aterial partly came from the study area and in a great measure was collected
outside it in the Sgspowska Valley and in the Pragdnik Valley. Moreover, speci-
mens were made of the batches of eggs, larvae, pre-pupae, and pupae of these
Species to determine the number of parasites which did not managed to get
out of the bodies of host animals.

Additional observations on the biology of these beetles under laboratory
conditions were also carried out, the process of the maturation of imagines in
Spring, the length of time of the copulation, the period of laying eggs by females
a8 well as the sex ratio being particularly considered. Moreover, the course of
development of successive stages of cassids at various temperatures and relative
humidities of air was also studied.

Begides the field observations in order to determine the actual foodplants
of cassids and the role of the beetles in the control of some common field weeds,
Mags culture of these beetles was conducted on selected plants as quoted by
different authors and also on some suggested by the present author.

The study of the bioenergetics of cassids was carried out under laboratory
Conditions (at the temperature of 20°C-+2-0) in the period from 25th June to
25th September, 1969. The larvae and young imagines of the two species of
Cassids were only included: of Cassida rubiginosa MULL. and C. vibex L. because
1t wag easy to catch a suitable number of beetles and larvae of these two species
and also because they had a common foodplant: Cirsium oleraceum (L.) Scop.
In the period of investigation the fluctuations in the temperature and air humidity
In the laboratory were recorded using a weekly thermohygrograph.

The culture was carried out in PurrI dishes of 10 em diameter. The
Starting point of the study was the hatching of larvae from eggs. 70 larvae
Were taken from the respective species, each 10 specimens being placed in a sepa-
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rate dish. In 24-hour intervals the larvae were weighed on a torsion balance with
accuracy of 0-1 mg, the changes in their biomass (together with faeces which
after being excreted are carried by the animal on the abdominal furca) were
noted, the area of feeding on leaf blades was calculated in square milimetres
and re-counted in miligrams of biomass and dry mass (RLoMNICKI, KOSIOR,
KAZMIERCZAK, 1965), fresh undamaged leaves being placed in the dishes.
Larval exuviae with excrements were taken off the larvae which were passing
successive moults and then the larvae themselves, their exuviae and excrements
were separately weighed. Then these larvae were placed in a separate dish,
their further develophmnt being watched. After their complete development
the larvae stopped feeding and passed into the pre-pupal and then into the pupal
stage. The initial period of the pre-pupal stage was regarded as the maximum
of larval development. Larvae of the investigated species pass 4 moulting,
the fifth one being to the pupal stage.

At the moment of hatching of imagines from pupae (12 specimens of Cassida
rubiginosa MULL. and 7 of Cassida vibex L.) the study of their bioenergetics
was began and carried out — in g way parallel to that of the larvae — for the
period of 45 days of the life of beetles, i.e. up to the moment when the biomass
of their bodies already only slightly changed and the consumption of food was
minimal. Certain difficulty was caused by the fact that the beetles excreted
fluid faeces leaving them as well on plant leaves ag on the walls of jars. Their
number was always noted and, after drying, hundreds of them were carefully
scraped off with a blade from the walls of jars, weighed, and dried in a drier,
their dry matter being calculated.

In order to determine the content of dry matter and free water in the bodies
of all development stages of cassids, 30 specimens of eggs, larvae of consecutive
_instars, pre-pupae, pupae, and newly hatched and 45-day old imagines werc

weighed, dried for 2 days in a drier at 85°C and then for 1 hr at 105°C. Then
they were weighed on an analytical balance with the aceuracy of 0-0001 g and
the percentage of dry matter and free water was calculated. In a similar way
the content cf dry matter of larval exuviae and of excrements of larvae and
beetles was determined. The calorific value of the dried material was calculated
on the basis of the results of combustions in a PHILIPSON microbomb.

The measurements of the respiration metabolism of the development stages
of both species were carried out in manometric microrespirometers (according
to ZADIN, 1966) at a constant temperature of 20°C--0-1. On the whole
1331 specimens from all stages (with the exception of eggs) were examined.
A few to several specimens were put in a bottle and a strip of blotting paper
saturated with 2 ml of 30 per cent solution of KOH was placed in a coupler
above it, a control bottle being left empty. The respirometer prepared for
the measurement was dipped in an aquarium into the water of 20°C. After the
equilization period (15—20 min.) the process of the oxygen consumption was
measured, the readings being made every 5 minutes during 1 hour. The obtained
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results were reduced to standard conditions of temperature, air pressure, and
air humidity. The specimens were weighed with the accuracy of 0-1 mg immedia-
tely after having been taken out of the respirometer.

IV. BIOLOGY, ETHOLOGY, AND ECOLOGY OF AN INDIVIDUAL

A. Imago
1. Description of the biotope of imago

In the years 1966—1971 investigations were earried out within the study
area on the meadow in the Saspowska Valley cf the Ojeéw National Park,
the occurrence of 4 species cf cassids being noted: Cassida rubiginosa MOLL.
(pl. XXIT, D), C. vibex L. (pl. XXIII, D), C.viridis Li.and C. flaveola THUNBG. (pl.
XXIV,C,D).Moreovc-r, outside the area C. prasina ILn. and O. hemisphaerica
Hesr. occurred on the meadow. The observations were also carried out in the whole
territory of the Park and the presence of species mentioned above was recorded
In yarious habitats: in cereals and root crops, on fallows, on the borders of forests
and streams, on wet and dampened meadows, and even on tussocks of plants
¢merging from water. The above-mentioned range of habitats allows to classify
the investigated species of cassids to the group of meso- and hygrophilous
Insects, Cassida wviridis L., 0. prasina ILn. and O. flaveola THUNBG. showing
sreater inclination to hygrophilousness. Cassida hemisphaerica HBST. is distinctly
Mesophilous species with a fairly strong inclination to xerophilousness. €. vibex L.
Occurs in various biotopes.

In the majority of cases the opinions of other workers (GORBUNOY, SEREMET,
1968, Remrer, 1912, Sapiro and CERNYSENKO, 1963, LopATIN, 1960, KLEINE,
1917, Par1s, 1959, PALLT and K1EPIKOVA, 1957, OGLOBLIN and MEDVEDEYV, 1971,
ZWorLrer and E1cHHorN, 1966) on the adaptation of the investigated species
of cassids to given biotopes are similar to the views of the present author.
Certain differences in the opinions concern only Cassida flaveola THUNBG., which
according to PALIY and KLEPIKOVA (1957) and SAPrRo and CERNYSENKO (1963)
OCcurs in the biotopes from the most wet to xerothermic.

. The adaptation of certain species of cassids to the conditions of habitat
15 fairly considerable and in a great degree this fact makes them possible to pass
on other substitute plants (KLEINE, 1917), but on the other hand, cassids as
Chiefly mesophilous beetles are (according to LOPATIN, 1960) particularly sensi-
tl}’e to moisture conditions in the region of their occurrence and hence in certain
districtg particular species are often encountered while in others they are rare,
OCeurring as single specimens. According to OPYRCHALOWA (1972) the ranges
of the distribution of herbivorous species are in general smaller than the spread
f foodplants. The range of occurrence of given species is rather identical with
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the range of certain types of the vegetation. On the other hand ZWOLFER and
EIcHHORN (1966) are of the opinion that the ranges of the distribution of cassids
agree with the primary distribution of their foodplants, e.g. the Mediterranean
and West-Asiatic region, the geographical centre of Cynareae, is also the centre
of Cassida rubiginosa MULL. and C. vibex L.

The investigation in the Ojeéw National Park showed that Cassida rubiginosa
MULL. is a species encountered often and in very great numbers, C. vibex L.
and C. viridis L. fairly often and in lesser numbers, O. flaveola THUNBG. rarely
and in scarce numbers, while C. prasina ILL. and C. hemisphaerica HBST. very
rarely and as individual specimens. With regard to the occurrence of Cassida
rubiginosa MULL. the opinions of the above-mentioned workers are in accordance
with the results of the present author, nevertheless, there are differences in
views with regard to the numbers of other species resulting from their geographie-
al distribution. According to REITTER (1912) Cassida vibex L. is very common,
according to PALLy (1959) — common, according to ZWOLFER and EICHHORN
(1966) fairly common, and according to Parry and KLEPIKOVA (1957) fairly rare.
According to PALIT (1959) and Pariy and Krepikova (1957) C. viridis L. is
common and numerous, according to REITTER (1912) it is frequent. C. flaveola
THUNBG. is frequent according to Rurrrer (1912) and KLEINE (1917) but it is rare
according to PAL1y and KLEPIKOVA (1957). C. prasina ILL. is very numerous
%ccording to PALy and KLEPIKOVA (1957 ), common according to SApTRO and
CERNYSENEO (1963) and KLrINE (1917) but not very frequent according to
REITTER (1912). C. hemisphaerica HBst. is widely spread according to OGLOBLIN
and MEDVEDEV (1971) but rare according to REITTER (1912). However, the
intensity of the occurrence of these individual species may considerably differ
in various regions, in agreement with the above-mentioned view of LOPATIN
(1960).

2. Phenology of emergence

In spring the emergence of imagines of cassids within the area on the meadow
depends above all on climatic factors and among them a decisive role is played
by temperature, insolation, rains, and wind, while the humidity of air is less
important. It is supported by several-year investigation of the present author
and by other workers who were interested in cassids (LOPATIN, 1960, KLEINE,
1916, 1917) as well as those who studied other herbivorous groups (DmMocH, 1959,
SzUJECKI, 1966, WEGOREK, 1959, STArzYK, 1970, 1971, WILSKT, 1951). Spring
activation of cassids chiefly depends on the temperature. On the basis of the
data of DymocH (1959) and RUSZKOWsKA and OPYRCHALOWA (1969) the values
of temperature from 7—9°C were accepted for cassids as the term of their
return to vital activity. At this term the beetles show slow movements, creep
out of litter and hide again in it. As the temperature rises to 10—15°C the period
of incomplete vital activity occurs when short flies of beetles and the beginning
of feeding are observed.
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The emergence of cassids on the meadow occurs in the period when maximum
air temperature exceeds +13°C this being a threshold value for the investigated
species (i.e. under conditions of the meadow microclimate in the Saspowska
Valley). In April on the meadow the temperatures higher than 13°C usually
prevail (Kostor, KLEIN, 1970) creating favourable bioclimatic conditions for
the occurrence of cassids which begin to remigrate from winter chambers to the
meadow. However, the basic role is played by maximum day temperatures
and the insolation, this opinion being supported by the investigations of WgGo-
REK (1959) on the Colorado beetle. The essential fact is whether the days of
higher temperatures occur in succession or are separated by days of lower
temperatures. Certain constancy of the temperature is indispensable to secure an
undisturbed course of the emergence of beetles.

The influence of the climate is directly marked (but it can also be indirect)
since it delays or hastens the growth of foodplants and in consequence the term
of the emergence of beetles may be considerably shifted. Therefore, the presence
of cassids on the meadow also depends on the degree of development of their
foodplants. The beetles do not emerge as late as the necessary amount of food
is available. A distinet relation exists between these two factors, this being
supported by the investigations of KLEINE (1917) and ZURANSKA (1968) on the
pests of culture plants.

Several year investigation on the meadow showed that Cassida rubiginosa
MuLL. is the carliest species appearing on the study area (fig. 1). The earliest
emergence was recorded in the first decade of April, while the latest in the third
decade of that month. The cassids C. vibex L., C. viridis L., and C. flaveola
THUNBG. appear on the meadow successively in weakly intervals (fig. 1). The
maximum numbers of C. rubiginosa MULL. and C. vibex L. occur in May and June,
of C. wiridis L. in may, and of C. flaveola THUNBG. as late as in June. The emer-
gence of beetles and the intensity of its course may be inhibited or even interrupt-
ed if worse climatic conditions befall. The influence of low temperature connected
Wwith continuous rains and wind is most strongly marked. In such case the beetles
Sink into an apparent diapause and hide at the bases of plants or even in the upper
layer of the soil. Old beetles of the investigated species are encountered as late
as at the end of summer or even in autumn. It was found that imagines of C. rubi-
gimosa MULL. occur on the meadow from 5:5—6 months, C. vibex L. 5—5-5
months, C. viridis L. 4-5—5 months, C. flaveola THUNBG. 4—5 months. In the
Years 1966—1971 only a few specimens cf C. prasina ILL. and C. hemisphaerica
Hpgr. were caught within the Saspowska Valley. Their occurrence was noted
In gpring in the month of May but no other details were obtained since these
Species are extremely rare in the territory o the Park.

The opinions of various authors on the phenology of the emergence of
Cassids in spring are fairly discrepant. According to KLEINE (1917), PALIF
and KLeprkovA (1957) and ZwoLFER and EICHHORN (1966) Cassida rubiginosa
My, is a species appearing as early as in April, but GorBUNOV and SEREMET
(1968) claim that it appears fairly late. as late as the second half of May but this
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fact does not seem probable. ZWOLFER and EICHHORN (1966) and PALLy and KLi-
PIKOVA (1957) note an early emergence (April) of €. vibex L., while LOPATIN (1960)
quotes the occurrence of this species as late as in June, this being quite inaccep-
table. The only reference to the term of the emergence of C. viridis L. and C. fla-
veola THUNBG. is given by PAL1Y and Kuepikova (1957). The appearance of
C. viridis L. in April is partly consistent with the observations of the present
author while the reported emergence of 0. flaveola THUNBG. in the same month
is in a certain degree disputable since this species is classified among those
which appear at the latest term. As far as the length of the occurrence of adult
beetles is concerned scarce data are found in the literature. The results cf the
investigations of PALIy and Krprkova (1957) are very inaccurate in this case
while those presented by Zworrer and EICHHORN (1966) are by far congistent
with the observations of the present author.

3. Foodplants and feeding of beetles

Within the study area Cassida rubiginosa MULL. and C. vibex L. fed on the
leaves cf Cirsium oleraceum (L.) Scop. (pl. XX1, C), €. viridis L. on the leaves of
Mentha longifolia (L.) Hups. (pl. XXI, D), O. flaveola THUNBG. on the leaves of
Stellaria. graminea L. (pl. XXT, E). On the basis of measurements of the spread
of foodplants of cassids carried out in the years 1966, 1968, and 1970, distinet
quantitative changes were found in these plants (fig. 2, 3, and 4). Under the
influence of the meadow not having been mown in the period of investigation
the first two plants showed a distinct tendency to increase their spread on it
while Stellaria graminea L. reached its maximum number in 1968 (fig. 3) and then
its range of distribution on the meadow gradually dicreased. In consequence of
strong mineralization of dead organic matter on the meadow the share of Urtica
dioica L. increases in the total biomass from year to year, and, morever, thisspecies
supersedes other plants from the places of their primary occurrence (fig. 4).

The list of foodplants of beetles and larvae of cassids quoted by various
workers as well as of plants found by the present author in the territory of the
Ojeéw National Park is given in Table I. The list of foodplants presented by the
author on the basis of field observations and laboratory cultures contains as well
some plants mentioned by other authors as those found for the first time.
Only these species on which the complete development of cassids occurs are
regarded as foodplants. Tt is unquestionable that Cassida rubiginosa MUTL.
and C. vibex L. are connected with plants of the family Compositae, this being
supported by the data of the majority of authors and by the present author’s
own investigation. Hence the occurrence of (. rubiginosa MULL. on plants of the
family Rosaceae reported by OGLOBLIN and MEDVEDEV (1971) or on Papilionaceae
reported by ZURAKSKA (1959) are questionable. According to ZwOLFER and E1CH-
HORN (1966) both species of cassids show the greatest preference for the plants
of the genera Cirsium, Carduus, and Silybum, and, besides, C. vibex L. conside-
rably prefers the species of the subfamily Centaureinae. Cirsium arvense (L)
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Scop. is a plant particularly favoured by these species of beetles. The present
author also found the greatest preference of both species in relation to Cirsium
arvense (L.) Scop. and C. oleraceum (L.) Scop., while it was a little weaker in
relation to the remaining species of plants. The report of ZWOLFER and EICHHORN
(1966) concerning Ceniaurea jacea L., and C. nigra L. as foodplants of Cassida
rubiginosa MULL. was not confirmed by the investigation of the present author.

Cassida viridis L. is closely connected with the plants of the family Labiatae
(Tab. I), particularly with the species of the genera Mentha, Stachys, and Ga-
leopsis, as it may be seen from the results of the investigations of various workers
and of the present author. The investigation in Ojcéw indicates a marked
preference of this beetle in relation to Mentha aquatica L. and M. longifolia (1.)
Hups. The latter was for the first time used as a foodplant of C. viridis L. A fairly
strong preference is also observed in relation to Stachys silvatica L., Galeopsis
pubescens Bess., G. tetrahit L., and Salvia L. Therefore, the report of ZURAKSKA
(1959) concerning the plants of the family Papilionaceae, of REITTER (1912)
and MATIs (1968) concerning those cf the family Compositae, and of MATIS (1968)
of the family Chenopodiaceae as foodplants of O. viridis L. seem strongly dispu-
table.

Cassida flaveola THUNBG. occurs on plants of the family Caryophyllaceae
(Tab. I) this being confirmed by other authcrs. This beetle mostly prefers the
species of the genera Stellaria, Spergula, and Honckenya. In the territory of Ojcow
the mostly preferred plant is Stellaria graminea L. while 8. nemorum L. and 8. me-
dia, VILL. were taken less willingly and they were for the first time reported
as foodplants. An attempt failed to feed cassids on the specimens of Stellaria
holostea 1. thus the respective report of KLEINE (1917) seemed doubtful.

According to the opinions of the majority of authors and to the observations
of the present author Cassida nebulosa L. occurs on the plants of the family
Chenopodiaceae only (Tab. I), showing strong preference of the plants of the
genera Chenopodium and Beta. With regard to its chief foodplant contradictory
opinions are found in the literature. The observations in the vicinity of Ojedéw
indicated decisive preference of Chenopodium L. The reports of KLeiNm: (1914)
on the plants of the family Caryophyllaceae, of ZURARSKA (1959) on those of the
family Papilionaceae, and of DUBESKO (1970) of the family Compositae are
practically out of the question.

Considerable discrepances are found in the opinions of various authors
regarding the foodplants of Cassida nobilis L. (Tab. I). The majority of them
and the present author as well, quote the species of the family Chenopodiaceae
as the actual foodplants of this beetle, the plant of the genera Chenopodium
and Befa coming into consideration as particularly preferred ones. However,
other workers suggest the species of the family Caryophyllaceae, especially the
genus Spergula. This beetle is relatively rare in the territory of the Ojeéw National
Park nevertheless it was only found on root crops considerably infested with
weeds of the genus Chenopodium.

It seems that under conditions of the Ojeéw National Park Chenopodium
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album L. is the chief foodplant of this beetle. The report of ZURANSKA (1959)
about the plants of the family Papilionaceae is strongly disputable.

Cassida prasina ILL. is closely connected with the plants cf the family
Compositae (Tab. I), particularly with species f the genus Achillea and more
rarely Tanacetum, this being shown by the results of the investigations of various
workers and cof the present author.

Scarce data are available on the problem of foodplants of Cassida hemisphae-
rica. Hpst. (Tab. I). According to various workers the plants of the family
Caryophyllaceae come into consideration, this being supported by the observa-
tions ¢f the present author. Food tests carried out on various plants cf this
family seem to indicate Silene nutans L. as its possible foodplant.

The cassids presented and discussed so far are narrow oligophagous animals
limited to a small number £ plant species, while Hypocassida subferruginea
SCHRNK., observed outside the territory cf the Ojeéw National Park, is a real
monophagous animal and occurs on Convolvulus arvensis L. cf the family Convol-
vulaceae (Tab. I), this being confirmed by all authors.

One more fact should be mentioned here: according to the opinicns of
STEINHAUSEN (1950) the most primitive forms of cassids live on Caryophyllaceae
(C. flaveola THUNBG., . hemisphaerica Hpst.) and Chenopodiaceae (C. nebu-
losa L., C. nobilis 1..) while specialized forms oceur on Compositae (C. rubiginosa
Mir., €. vibex L., O. prasina 111.), Labiatae (C. viridis 1..), and Convolvulaceae
(H. subferruginea SCHRNK.).

The problem of how do the cassids find their foodplants is so far inexplained.
It is supposed that the smell of these plants plays a great role. The investigations
on the Colorado beetle proved that in spring migrations as well its sense of smell
a8 the smell of potato plants (Winusz et al., 1958) play a great role in finding food
(KaczMAREK, 1955). Olfactory organs of the antennae of insects enable them to
Orientate in what direction and distance the food, scented owing to its volatile
chemical compounds, may be found.

An interesting phenomenon cf the so called "complementary feeding” was
found in cassids migrating from winter chambers to the territory of the meadow
In spring. This fact is confirmed by other investigators of cassids (RAMMNER,
1934, Kurine, 1915, 1917, 1919, GorBUNOV and SpreEMET, 1968) and on other
Sroups of herbivorous animals (OPYRCHALOWA, 1970, WARCHALOWSKI, 1958,
1959, 1960, SzuIECKI, 1966, ZURAKSKA, 1968, DMocH, 1959, STARZYK, 1970).
In this period during intense feeding sexual gland maturate, insects begin to
Mmate and at last to lay eggs. However in the first days on the meadow the
Cassids do not feed much on youngest leaves of plants but more often they
Warm in the sun sitting on old plant shoots or cn fallen leaves. The observations
of WARCHALOWSKI (1959) on the genus Longitarsus LATR. showed that warming
of insects in the sun is extremely important for the process of normal repro-
duetion, particular role being played here by the ultraviolet radiation. The
tadiation effects certain physiological processes in the bodies of insects, among
Others influences the metabolism of carotenoids which in the period of ”comple-
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mentary feeding” are stored up in the fat body and transferred from there to eggs
as they maturate. Hence a conclusion may be drawn on the nutritive origin of
ccarotenoids in the bodies of insects, this being supported by the results of the
investigations of CzEczuea (1971) on the Colorado beetle. The physiological
importance of carotene was defined by KLEINE (1917) as a reserve substance
which gets to eggs and serves to produce sperm, moreover, as a reserve energy
for the period of mating. Starvation may completely inhibit the formation of
carotene in the insects.

As it was already mentioned, with the beginning of feeding the sex glands
of insects maturated. In this period the beetles very intensely feed on youngest
top parts of plants which in spring contain great amounts of tecopherols (vita-
mines’ E) (KowALSKA, 1969, OPYRCHALOWA, 1970). These compounds have
a great influence on the maturation of sex glands of insects and on the intensifica-
tion of their biological activity. The maturation of beetles is also connected with
a change in the amount of free water in their bodies. In the investigated species
of cassids the content of free water reaches its lowest level in the period just
before wintering (Kosior, KLEIn, 1970), gradually increases throughout the
wintering (chiefly in consequence of fat combustion) and amounts to 65—70 per
cent in spring, when the maturation of sex glands and the laying of eggs occur.
According to LiArRczZENKO (1957) the content of free water in the Colorado beetle
amounts to 70 per cent at this period, thus being a little greater than in cassids.

With cassids the intensity of the course of the complementary feeding above
all depends on climatic factors, especially on temperature, insolation, rains,
and wind, while the decisive role is played by the maximum day temperature
and insolation. On the meadow in Ojeéw the feeding of cassids was intense at
the temperatures exceeding 15°C, the most intense at 20°C and more, with
clear weather and strong insolation. Great decreases in the temperature connected
with raing and wind brought about decreases in the activity and an inhibition
of feeding of beetles which hid in the meadow turf.

The climate also decides about the term of the beginning and length ef this
feeding, as it was found in several-year studies of the present author. In the
years 1966—1971 the length of complementary feeding on the investigated
cassid species was: Casside rubiginosa MULL. 15—40 days, C. vibex L. 15—35
days, C. viridis L. 9—12 days, C. flaveola THUNBG. 8—15 days. The above list
indicates that the length of this feeding depends on the period of the emergence
of beetles. A simple dependence occurs here and according to it the later a given
species emerges the shorter complementary feeding lasts and the faster the
beetles maturate. The contributions of different workers to this problem,
though not numerous, are greatly in agreement with the results of the present
author. KLEINE (1917) reports that the length of this period is 2 weeks for
C. murraea 1. and above 2 weeks for C. rubiginosa MULL. According to GORBU-
NOV and SErEMET (1968) Hypocassida subferruginea SCHRNK. begins to lay eggs
already after 1-—1-5 week. WARCHALOWSKI (1959) found that in Longitarsus
LATR. the length of this period was several to more than twenty days.
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In consequence of feeding of the imagines of cassids pictures of feeding
remain on the leaves of food plants, which, according to KLEINE (1917, 1919),
are very characteristic for given species. The investigations of KLEINE supply
most information to this problem, Cassida rubiginosa MULL. and C. flaveola
Tnunse. being particularly considered. According to the opinion of this author
almost all species of beetles which attack plants of the family Compositae perform
oval superficial feeding mixed with marginal one, while the species occurring
on the plants of the family Caryophyllaceae perform both marginal and superficial
feeding. The results of investigations presented by KLuINg (1917) agree with the
Dresent author’s observations.

Tield observations carried out on 4 species of cassids which appear within
the study area on the meadow, as well as the laboratory cultures enabled to
brepare sets of pictures of their feeding. Plate XXV presents the pictures of the
feeding of adult imagines of Cassida rubiginosa MULL. (A, B) and C. vibex L.
(C, D) which feed on the same plants of the family Compositae, with the exception
of one, i.e. Centaurea jacea L. The striking feature is the superficial (primary)
feeding while the marginal (secondary) one rarely occurs and is performed from
the surface, never from the margin. The feeding chiefly takes place on the
upper leaf surface and in a less degree on the lower one. The feeding marks are
round, oval or even elongated and always begin as points. They are encountered
on the whole leaf surface so that no part of the leaf is preferred. The pictures
of feeding of both species differ by the more uniform distribution of feeding
marks on the surface and by greater damage on leaf margins made by C. rubigi-
nosa MULL. while the feeding marks of C. vibex 1. are often concentrated in the
form of groups, the leaf margins being more rarely damaged. Moreover, in the
Dictures of feeding of C. rubiginosa MULL. serape feeding (feeding on leaf tissue to
Opposite epidermis) occurs more often than the perforation feeding (right
through a leaf) while with (. vibex L. an opposite situation is observed. In the
beriod of complementary feeding much scrape feeding is observed in both
Species however with C. rubiginosa MULL. it always prevails over the perforation
One. Throughout the vegetation period the intensity of feeding of imagines
decreased and at the end of summer traces of their feeding were very scarce.
In 1972 additional laboratory cultures showed that the beetles of C. vibex L. also
fed willingly on the leaves of Carduus acanthoides L. Mcreover, it was found
that hoth species fed on the leaves of Cirsium lanceolatum (L.) Scop., and Arctium
lappa L. in a degree greater than that presented in plate XXV, B, D, the tra-
Ces of feeding being always very irregular on the leaves of Arctium.

On the plants of the family Labiatac (pl. XX VI, A, B) the pictures of feeding
f adult imagines of . viridis L. are very similar to those described above.
Superficial feeding is primary while the marginal one is secondary and always
Started from the surface. The basic difference is that with . viridis L. always
and exclusively the perforation feeding occurs but mever the scrape feeding.
MOl‘eover, the damages to leaf margins and smaller nerves are much more
fl’equent. The places of feeding are round, oval, and even irregular and are chiefly



278

distributed on the whole surface of leaves with a slight tendeney to the formation
of groups.

On the plants of the family Caryophyllaceae the pictures of feeding by adult
imagines of C. flaveola THUNBG. (pl. XXVI, C, D) are characterized by primary
marginal feeding, the superficial one having a secondary character. Both the
perforation and scrape feeding occur with these imagines but the latter very
rarely. Feeding points are of different size and very irregular shape. Attempts
failed to feed the adult beetles with the leaves of Cerastium vulgatum L.

4. Mating and egg-laying

The moment of sexual maturity occurs almost at the same time in females
and males of herbivorous insects and they begin to mate then (WARCHALOWSKI,
1958, STARZYK, 1970, WEGOREK, 1959). This fact was also observed in the
investigated species of cassids, the earliest copulation being observed in the
beetles of Cassida rubiginosa MULL. (second half of April); afterwards other
species begin mating at almost equal intervals, in accordance with the terms
of their emergence on the meadow (fig. 1). i

Mating of cassids, its way, and length depend to a great degree on climatic
conditions (temperature, insolation, rains, wind) this being distinctly stressed
by KLEINE (1914—1915). In Ceuthorrhynchus quadridens PANz. similar depen-
dence was observed by Dmocmu (1959). The first mating pairs of beetles were
observed on the meadow on days with maximum air temperatures above 18°C,
the maximum number of copulating cassids being noted at temperatures above
20°C. WEGOREEK (1959) also observed the copulation of the Colorado beetle at
temperatures exceeding 18°C. A decrease in the temperature to 15°C did not yet
stop the mating of cassids but at a further decrease to 13°C and lower, the
process was stopped. Low temperatures contected with rains and winds most
strongly influenced the beetles, bringing about an inhibition of their activity and
the phenomenon of their hiding at the bases of foodplants.

The investigations in Ojeéw showed that the month of May and the first
half of June are decisive for cassids since in that period mass copulation and
egg-laying occur with the studied species. The mating is carried out during
the day and the greatest number of pairs are observed at noon at high tempera-
tures and considerable insolation. Mating pairs were also encountered scon after
sunrise and just before sunset. In individual pairs the time of copulation was
from a few to several hours. KLEINE (1915) reported a similar length of time for
Cassida nebulosa L., but WrADATSCH (1919) claimed that the pairs of C. splendi-
dula SUFFR. mated as long as 24 hrs. SzuJECKI (1966) reported the length
of 1—3 hrs for other chrysomelids and DyocH (1959) a few to several hours for
Ceuthorrhynchus quadridens PANz., but they both stressed that the copulation
was repeated throughout the whole period of egg-laying. In the investigated
cassids repeated copulations were observed but in the majority of cases this
process occurs only once, this being proved by the fact that one mating was
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enough for a female to produce fertilized eggs throughout the whole period of
ege-laying. A similar example is quoted by BALLI (1943) for Melasoma populi L.
Also WARCHALOWSKI (1958) reports that in Longitarsus suturellus DFT. a single
copulation of 2—8 hrs occurs. The above data indicate that in various herbivo-
rous animals the course of mating shows congsiderable differences, especially
with regard to its multiplicity.

In the investigated species of cassids an interesting phenomenon was observed
consisting in longer periods of mating than that «f cgg-laying. KLEINE (1917)
explains this seeming copulation with longer inclinaticn to mating in males
which tend to sexual connexion when in females the reserve ¢f eggs has been
already exhausted.

It was found in the course of the investigation that the period of mating is
different in various species (fig. 1). With Cassida rubiginosa MULL. it amounted
to 7—8 weeks, with C. vibex L. 6—7, with O. viridis L. 4—6, and with C. flaveola
TaunBa. 6—7 weeks. The length of this period depends on the term cf the
emergence of a given species cn the meadow; the later the emergence occurs
the shorter is the mating period, only with €. flaveola THUNBG. a contrary
Situation being observed. In the literature on cassids scarce informations on this
Problem are found. SEREMET and GORBUNOV (1969) and KLEINE (1917) only noted
the copulation of C. rubiginosa MULL. in May, moreover, KLEINE reported
that with C. flaveola THUNGB. it occurred up to the middle of August.
The report of KLEINE (1915) that with (. flaveola THUNBG. the copulation was
continued for more than a few weeks, was also worth noting. According to
StarzYK (1970) in Gaurotes virginea L. the period of copulation is as long as
14 weeks thus considerably exceeds the results obtained with cassids.

Some days after mating the females of cassids begin to lay eggs. In the
investigated species it happens after 3—7 days under field conditions and
after 2—5 days in the laboratory. According to KAczMAREK (1955) and MIKSIE-
WIcz (1948) in the Colorado beetle an average period between the copulation and
the beginning of egg-laying is 3 days while with Ceuthorrhynchus quadridens
Panz. (DmocH, 1959) a few days. Thus the above-menticned data agree with the
Observations of the present author. The climatic factors especially temperature,
air humidity, length of day, rains, and wind have an essential influence on the
term and course of egg-laying by cassid females. The egg-laying occurs at the
temperature above 18°C, optimum temperatures being within 20—25°C.
A decrease in the temperature below 15°C inhibits this process while at 13°C
and lower the egg-laying is stopped. Similar effect have high temperatures
f about 30°C. The investigations on the Colorado beetle (KowALskA, 1969,
VVEGOREK, 1959) and on Xyletinus peltatus HARRIS (MOORE, 1970) support the
Observations of the present author. The influence of air humidity is also fairly
distines. An optimum humidity which favours the egg-laying by fzmales of
Cassids ranges from 60-90 per cent, while as well the high (about 100 per cent)
8 the low (less than 50 per cent) humidity inhibits the process cf egg-laying.

Cry similer results were obtained by WEGOREK (1959) and KoWALSKA (1969)
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in their studies on the Colorado beetle. Rains connected with low temperatures
and winds influence very unfavourably the course of this phenomenon, bring
about its inhibition, and strongly lenghthen its time. The length of day very
strongly influences the beginning, course, and length of the period of egg-laying.
Under climatic conditions of the meadow the egg-laying occurs always at the day
length of over 15 hrs (Tab. II), the threshold value being the day length of 15
beginning and end of this process. Identical results for the Colorado beetle
are reported by WEGOREK (1959) and KOWALSKA (1969).

Table II
Changes in day length throughout the investigation season
Date of observations Sunrise (hr.) Sunset (hr.) | Daylength (hrs,)
8. IV 454 1822 13%
2RV 426 184 141
8LV 352 1918 15%
Ve 382 1934 1692
8. VI 318 1955 1690
21. VI 31 200 1647
8. VII 32 1957 163
21 VLT 340 194 169
8. VIII 407 19 .15
21. VIII 420 1818 141
8. IX 458 1808 1308
e 530 15737 1217

The eggs of cassids are laid in batches on the foodplants and only sporadically
on other, neighbouring plants, e.g. Urtica dioica L., Verowica chamaedrys L.,
Alchemilla sp., Alopecurus pratensis L. Detailed deseriptions of the way of egg-
-laying of cassids are presented by KLEINE (1915, 1917), RAMMNER (1937),
ENGEL (1932), Par1y and KLEPIKOVA (1957), and OGLOBLIN and MEDVEDEY
(1971). Cassida rubiginosa MULL. deposited eggs on the leaves of Cirsium olera-
ceum (L.) Scop. usually on the under surface, more rarely on the upper one,
and sporadically on the stem. The majority of batches were found on the forepart
of leaves, often near the main nerve or at the end of the blade. Up to 3 batches
of eggs were found on one leaf. The number of eggs in a batch ranged from 2 to 17
Oassida, vibex L. also laid eggs on the leaves of Cirsium oleraceum (L.) Scop.; the
number of eggs in batches ranged from 1—3 but most often was one. The eggs
were usually deposited on the under part of leaves and on their foreparts, on the
margins of leaf blades, or more rarely on the upper leaf surface. Often a few
batches were found on one leaf.

The batches of eggs of €. viridis L. were deposited on Mentha longifolia (L.)
Hubps. in the majority of cases on the stem cf these plants, more rarely on the
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under surface of leaf blades, and very rarely on their upper surface. On one
Specimen of mint even 3-batches were found which, if deposited on the stem,
Wwere in a distance of 15—20 e¢m from each other. The number of eggs in a batch.
Wwas 5—16. C. flaveola THUNBG. laid eggs on Stellaria graminea L. usually on the
under surface of leaves, fairly often on stems, and rarely on the upper surface
of leaves. The number of eggs in batches ranged from 1—3, most often being:
one. In this species egg-laying on leaves of other species of plants occurred
frequently.

With all discussed species the striking feature is that the females lay eggs
on the under surface of leaves. This way of depositing egg-batches probably
blays a protective role. According to SZUJECKT (1966) in this way chrysomelids
Protect their batches of eggs from enemies and unfavourable atmospheric
factors. The time of proper egg-laying ranged from a few minutes (C. flaveola
Taunse., 0. vibex 1..) to several minutes (C. rubigimosa MULL. and C. viridis L.).
The obtained results are fairly consistent with the observations of RAMMNER
(1934) who found the span of about 10 minutes for €. murraea L. After depositing
€ggs the females rest for a few minutes and afterwards intensively feed. It should
be stressed that throughout the whole peried of egg-laying intense feeding is
Observed with females of cassids, the batches of eggs and traces of feeding being
Usually found on the same leaf. The batches of eggs of the investigated species.
Were most often encountered on solitary plants, on plants growing in small
groups, or on well exposed tufts of plants, this being also stressed by SErEMET
and GorBUNOV (1969 ).

The opinions of various authors (ENGEL, 1932, STRINHAUSEN, 1950, KLEINE,
1917, OeroBLIN, MEDVEDEY, 1971, SEREMET, GORBUNOV, 1969) on the problem
of the distributicn of egg-batches of cassids on their foodplants are essentially
consistent with the results of the present author. Only the report of KLEINE.
(1917) who claims that the eggs of C. rubiginosa MULL. are always deposited
on the upper surface of leaves, seems doubtful. Strong controversies arise from
the views of certain authors concerning the number of eggs in batches. The
Dumbper of eggs in the batches of O. rubiginosa MULL (PALIF and KLEPIKOVA,
1957, STEINHAUSEN, 1950) and C. viridis L. (ENGEL, 1932, KLEINE, 1917,
STEINHAUSEN, 1950) are too low as compared with those found by the present
Author, while the report of ENGEL (1935) that the number of eggs in a batch of
C. viridis T. amounts to 15, agrees with the author’s own results. On the other
hangd the data of Kimine (1917) and STEINHAUSEN (1950) on the numbers of
€ggs in the batches of C. flaveola THUNBG. seem very doubtful. According to the
OPinion of these workers the batches of this species on the average contain
J_Ghl‘ee eggs while the present author usually found batches with one egg. It is also
Mpogsible to agree with the view of OGLOBLIN and MEDVEDEV (1971) that the
€8gs of cassids are deposited in batches sometimes containing several dozen eggs.

It was found in the course of investigations on the meadow in Ojeéw that
Deriod of egg-laying by the females of . rubiginosa MULL. amounts to 12 weeks.
C. vibex L. 8—10, C. viridis L. 8—9, and C. flaweola THUNBG. 8—9 weeks,
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An interesting dependence occurs here: the later is the emergence of a given
species on the meadow the shorter is the period of egg-laying by the females
{fig. 1). The investigated species of cassids lay eggs from the middle of May
to the middle of August, with the exception of C. viridis L. always finishing this
process in July. At the same time it is distinetly visible that the process of
egg-laying by the females is very extended, the climatic factors deciding about it.
With regard to the length of egg-laying discrepant opinions prevail among va-
rious workers. The length of this process found by ZwoLrER and EICHHORN (1966)
with C. rubiginosa MULL. and C. vibex L. fully agrees with the findings c¢f the pre-
sent author, while the results of PAL1y and KLEPIKOWA (1957) obtained for these
two species and for C. wiridis L. greatly differ from the data of the author;
these differences are most probably effected by different climatic conditions
in the regions cf their occurrence. With regard to C. flaveola THUNBG. the discus-
sed problem was not studied by these authors while general informations reported
by OGLOBLIN and MEDVEDEV (1971) on the period of egg-laying in the subfamily
of cassids are partly consistent with the results of the present author.

5. Length of life and sex ratio

Little attention was paid by various workers to the problem of the length
-of life of beetles under field conditions. LINDROTH (1945) claims that the species
of the genus Carabus in adult stage as a rule live longer than one year. According
to Miksiewicz (1948) and WRGOREK (1959) separate cases are known of the
imagines of the Colorado beetle living for two years, while TROUVELOT (1935)
reports that even the cases of 3-year lifetime of this insect are noted, the normal
length of life of the Colorado beetle being one year. According to STARZYK (1970)
the average length of life of Gaurotes wirginea L. (Cerambycidae) amounts
to 28 days, a maximum being 30 days.

Only two short references are found in the literature with regard to the
problem of the lifetime of cassids. RAMMNER (1934) reports that after a period
of reproduction adult imagines cf . murraea L. gradually die and from the
middle of July are slowly vanishing from plants. According to KLEINE (1915)
adult imagines of C. nebulosa L. died shortly after egg-laying.

In the years 1968—1972 in the investigation of cassids special method of
-observation was applied (sacks of nylon gauze on leaves and controlled wintering
in jars without bottom, placed in the forest litter and covered with gauze) which
made possible a study of the actual length of life with imagines of the investigated
species of cassids (Tab. IIT). It was found that the average length of life of cassids
was about one year in the case of (. rubiginosa MULL. and a little more with
the remaining species. In all species the minimal length of life amounts to about
-one month. The problem of the maximum life length of these beetles seems
very interesting. The longest life, almost 4 years, was found among the females
of C. rubiginosa MULL., C. vibex L. live 3 years, C. viridis L. almost equally long;
and C. flaveola THUNBG. only 2 years. In all species males live shorter than



283

Table ITII

Life length of females and males of Cassidinae within the study area on the meadow in
the Saspowska Valley of the Ojeé6w National Park

\,

\. 33

N\ . " o5 ue e

. Species Gazeida ?.ubzgmosa Cassida vibex L. | Cassida viridis L. Cassida flaveola

MuvLrL. THUNGB.

Lite

length
wnths X max. min. X max. min. | X max. min. X max. min,
Sex

female 94 45 1 13-7 36 1 12-8 33 1 13-9 24 1
male 92 24 1 11-1 24 1 12-3 24 1 12-6 22 1

females, the differences between the two sexes ranging from 2 months with
C. flaveola THUNBG. to almost 2 years with C. rubiginosa MULL.

In was found in the investigations of Dmocu (1959) on Ceuthorrhynchus
quadridens PANz. (Curculionidae) and STARZYK (1970) on Gaurotes virginea L.
(Cerambycidae) that the males also lived shorter than the females but the diffe-
Tences in the life length were insignificant. RUSZKOWSKA and OPYRCHAEOWA
(1969) explain shorter life of males by the fact that with the insects the rate of
Metabolism measured by CO released by organisms, is higher in males than
In females.

It should be particularly stressed that sexual dimorphism is observed in the
beetles of the investigated species of cassids. In general the females are larger
than males and only sporadically the situation is contrary. The prothorax
and elytrae of females are ovate and more arched, those of males more rounded
and fairly flat. The prothorax of females is broader and in its forepart more
Sharply ended than that of males, and, moreover, its length is almost equal to the
breadth of elytrae, while in males it is much narrower and its length is greater
than the breadth of elytrae, with the exception of €. viridis L. and C. flaveola
Trunse. Morphological features described above are the basis of a precise
Cvaluation of sex ratio in the investigated species throughout the vegetation
Season.

In the light of the results quoted above the problem of sex ratio with cassids
and also with other herbivorous animals seems interesting. In the period of
Several year investigation of these species this ratio usually shows an insignificant
Prevalence of females (1-2—1). In several cases a slightly greater differences
Were noted in this ratio, especially with C. viridis L. (1-3:1). In general, the
Prevalence of females is also observed in other herbivorous beetles. In the Colo-
fado beetle the sex ratio amounts to 2:1 for females (WiLusz et al. 1968, KARG,
TROJAN, 1968) while contrary to it with Gaurotes virginea (L.) 3:1 and 2:1 for
Males, however, this is a transitory situation since males die relatively earlier,
distines prevalence of females being observed then.

3 ;
~ Acta Zoologica Cracoviensia XX/9
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6. Bcology and ethology of imagines

The cassids occurring within the study area on the meadow may be classified
to the group of insects of day activity. The beginning of this activity is observed
soon after sunrise, an increase and a maximum include the middle part of day,
a decrease occurring at sunset. The beetles feed during the day only and at
nightfall hide between the stem and leaf just at its bottom or under a leaf.
The typical course of 24-hour rythm of the activity depends on climatic condi-
tions (temperature, humidity, insolation, rains) this being supported by the
observations of STARZYK (1970) on Gaurotes virginea (L.) and of DmocH (1959)
on Ceuthorrhynchus quadridens PAxz. Day temperatures play.a basic role
since these insects show the day activity. An increase in the activity of
cassids was noted at temperatures higher than 18°C, and the optimal conditions
of activity at the range of temperatures of 20—25°C, the beetles being often
found on foodplants then while at the temperatures of 30°C and higher the
insects hide under leaves or even go down into the sward.

The role of air humidity seems equally essential, the range of 60—90 per cent
being most favourable for the insects. Rains connected with a decrease in tempe-
rature (about 13°C) bring about a decrease in the activity of cassids. At a further
decrease in the temperature a complete inhibition of the activity of cassids is
noted. The activity of cassids also greatly depends on their physical condition.
In the time of spring emergence at the beginning of the period of full vital
activity the beetles of the investigated species are very mobile and perform
frequent flies. Gradually their activity and frequency of flights decrease and in
the period of mating and egg-laying imagines do not fly much, this being support-
ed by the investigations of KLEINE (1917) and ENGEL (1932). According to the
latter C. nebulosa L. which also flies very fast and on great distances, shows
greatest activity cf all species of cassids.

The phenomenon of akinesis commonly oceurs as well among cassids (ENGEL,
1932) as among other groups of herbivorous insects (DmocH, 1959, STARZYK,
1970). Alarmed insects fall down from plants into the sward and become motion-
less for a certain time. In the investigated species of cassids the time of immobi-
lity ranges from several seconds to a few minutes.

Particular liking of cassids for sunlight should be stressed (ENGEL, 1932,
RAMMNER, 1934) this being also noted in the field investigations in Ojeow-
The beetles were most often encountered on the borders of meadows and on
sides of ditches and within the study area in places well exposed to sun light
(solitary specimens of plants, tussocks and less compact patches of vegetation)
and only very rarely in the zone of half-light. The investigated species also
show a distinet positive photoactivity.



B. Egg

Detailed description of the morphology of eggs of cassids are presented
in the works of WRADATSCH (1919), KrEINE (1915, 1919), OGLOBLIN and MEDVE-
DEV (1971), the structure of egg batches being discussed by RAMMNER (1937 )
ENGEL (1932), STRINHAUSEN (1950), KLeINE (1915, 1917), and GORBUNOV
and SgreEMET (1968). Particular attention should be paid to a special protective
covering which is laid by females over deposited eggs so that it reaches the surface
of the leaf. The covering is very strong and has the properties of parchment.
According to KLEINE (1915) and ENGEL (1932) it plays an important role in
Protecting cggs from unfavourable weather conditions and enemies. According
to the present author these opinions are only true to a certain moment since
a8 the eggs maturate the batches stick out slightly on one side from the surface
of the leat and are then exposed to damage by strong winds and rains, or may
be attacked by parasites.

The embrional development of eggs depends above all on temperature,
air humidity, and rains. Since in the development of eggs certain span of time
Was needed, mean (and not maximum) temperatures and air humidities were
Considered and computed for the period of the observations. Table IV presents
the results of field investigations on the length of egg incubation of the investiga-
ted species of cassids, carried out in 1969—1971. The mean length of the time
of egg incubation computed for the whole period of observations shows slight
differences in separate years. In 1971 the shortest time of the development
Was noted under the influence of unusually favourable weather conditions in the
month of May. Similar result was found in 1969, however, a slight lengthening
0f development was brought about by a strong decrease in the air temperature
On the turn of May. In 1970 the reason of the longest period of the development
of eggs was the influence of low temperatures and great rains in May.

_ The problem of the length of the development of eggs is extremely interesting
M comparing various values of mean decade temperatures and air humidities.
At the temperature of 11-2°C and air humidity of 85-80 per cent the length
of the development of eggs was 33 days, at 13-4°C and 83-80 per cent — 21 days,
b 15-2°C and 82-70 per cent — 11 days. The above data distinetly show that
With an increase in the temperature and a decrease in the air humidity the period
of the development of eggs shortens as much as 3 times. In comparing the
Obtained results with the data of other authors it was found that they greatly
Agree with regard to the evaluation of the length of eggs development. According
tf) Exern (1932) the incubation of eggs of C. wiridis L. took 32 days under
fielq conditions, and according to RABoUD (1915) 28 days, the same number
eing reported for (. rubiginosa MULL. WEGOREK (1950) reported that at the
“mperature of 15°C the egg development of the Colorado beetle took 19 days,
4 result approximating that of the present author. At the temperatures higher
than 15°0 Kymmve (1917) observed the development of eggs of C. murraea L.

Vithin 10—14 days, SErEMET and GORBUNOV (1968) within 8—15 days with
K1Y



286

%08-¢8 D0-F1
L1p QIny
-rumy -eaoduroy 6 L 08 11 6 0-01 01 8 06 41 4 -8 srdng
Ire X ae, X — —- 0-€ 9 e ¥ ¥ % 0-€ ¥ Z Z-€ oedndexrg
X 4 9 76 I g 0-9 6 g 6-L Har
psusny-Le suon 01 9 LL 41 ¢ 9-L 8 2 0-9 6 9 9-L A
-BAIOSYO 9} JO POU 9 g 1-¢ 8 g €-g 01 g z9 6 € 0-9 Al
-od AV, "0L6T UOSELOS 8 9 19 L ¢ 1% 8 € 6:G 8 € 0-¢ gl
UOMLIAGIA 9y U] L ¥ Z-S 6 ¥ 8-9 L ¥ 8-C S ¥ 19 Tr] ovAxeRry
P 281 ee €l 1% e I 1-G% e¢ 11 L-0% sS85
ghi 98 1-€9 69  9¢  9-0¢ (Sur
-Kep 889 30 yuowow
oY} WOJJ) JuUeW
-doreaep 99erdurop)
] 2 e e sowiBewrr Sunox
6 L 0-8 8 ’ G-L ordng
. S — 02 — — 03 orvdndeig
6 ¥ 8¢ L ¥ 8-F S
% 0%-6L D971 1 € 0-¢ g g 0¥ Ha
Lytp oamy L g€ L% g g &7 R
QL -erodurey 2 g € g g 1% At
e X are X 7 e g.¢ 9 e % Tr] evAIRT
0¢ TII 803 TEL & T 0-03 833y
/ aSe1g
SN y-Ley ;
‘xew ‘urm -oads/x ‘xew ‘ura -oads/x ‘xew ‘urw ‘9eds/x ‘xew ‘urm ‘oeds/x | Ul
mﬁoﬂwdbhwmﬁo % = — 2 = 2 = IAHO~®>®@ J0
oy jo porred ey, oo e
6961 UOSELOS P JO Tequun Nt
2105 “DNAIL “TIATA
uonyioco s L Cl . %' SWPLAA DPISSV)) T X9QUL DPISSV)) — soroodg

n]j0sav]f DPISSV))

nsouabrgn.e vpISSV))

Al

foqe A wyssodsty oY) U Moprewm oY} Mo work £PNs O} UITILM oDUIPISSDY)

91q® L

jo quemdoresep jo TuerT




287

‘PUNOJ OI9M S$IBJSUT [RAIR] $ AJUO ‘DINAHT, DJoaav)f ) YIIM — X
‘POJRSTINOAUL J0U SBM DANAI], D)oean)f *H pue ‘I spure ‘) Jo JuewdoeAep U} 6961 ULl — , :Suorpeueidxy

LL 554 6:LS 06 €9 9-€L g6 Ly £-89 76 iy g-89 (Sur
J - A% 559 Jo yuowmowt
oY} WOIJ) JUSUW
-dofosep ogerduon

8 38 668 39 9% P8¢ 39 €8 19% | S9 08  ¥6¥ soursewr Sunox
%0L-98 D811
Ly1p omg
cmng  -esedwey | 01 8 0-6 Gl SO = R0 LR 0L el L c-6 ordng
ire x e x i4 € (R ¥ g L-g ¥ (4 0-¢ ¥ (4 9-¢ erdndoig
gsnSny IR L 9 €9 6 z 0-8 0L g 8-8 T
-LRJ{  SUOTJBAIOSO S g 0-L 6 L 28 9 4 Y 6 2 9:9 1
oy; jo pomad oy, Qe 7 G-L L g $-c L i 6-¢ L i 6% aj
‘IL6T UOSBOS 6 4 G-9 0T 8 G6 01 S c-g 01 2 3L say
uorgeeSer oYy uUJ L g L9 g1 9 9-8 ! i gL €1 i 8-8 ] evAler
6 S Uis) 83 8 T& e %l %ge | 6c N6l 8857
Lof gy suciee i liRel L op e gii] Le . iep Bi0-19 0 aeh s Ty 0:00 (Sur

-Aey 530 Jo yuemomx
oY) WOIJ) JuUeW
-doroaep ogerduro)

154 1€ I-6¢ g9 149 G-LY 2% 62 6-1% 69 0€ &¥¥ seurSewt Sunox




288

i 44 8% 0-0% 18 L% 0-68 sourdemy Sunox
i 00-LF %00-L8 o1 8 06 6 L 0-8 oedng
, Lypruamy are x ¥ z 0-¢ ¥ z 0-¢ odmsmwam..
' om wgwmwmommmr X L1 . e a 3 IR 1
o e Of om0l LB B0 "
| 696T'TIIA08—TIACE L € 0-¢ L & 0-¢ a
i SUOT)BAIISGO g ] 0-% g t 0-¥ ol
| oyy jo poued oy, * Lo 8 0¥ g € i ] oeAder]
| = eon B w0 e T 88
W z6. or @ Loy |iwo o eiga Bilgl o RaEEE 8G9 89 S0 109 (Sur
| - Lo 330 J0 JusmoOUx
oY) WOoIJ) JuewW
W -doeaep ogerdwmo))
8¢ 9¢ L-GE Ly i49 £-6€ (4 g€ €-€% (4% 9€ 1-€¥% seursew Funox
00-¢F %00-88 01 8 0-6 01 8 0-6 01 0-8 0:6 01 8 0-6 oedng
- Appruny e x 2 G 0-¢ i4 3 0-¢ ¥ s 0-€ ¥ % 0-€ ordnderg
| 0-3F00-LT X L G 8-g 8 9 I-L 8 9 0L at
| it f e L ¥ g-g L g 9 L g 29 L g 1-9 e
9 ¥ 2-g L g €G A g 0-9 L Y 6-C e
| 1261 TIIA 6—IA ‘S2 9 i 4 G-g 9 ¥ G-g L 14 8-G L g 8-G VAL
SUOTIRAIOSO 9 ¥ 0-Q 9 g ¢ | 6 4 29 6 g €9 ] ovAIRT
| oqy jo poued oy, —  — 0¥l = — ST i G — = A 888
V
| 95e)g
‘xewr curmr ce9ds/X | cxew cutw coads/x | xewr cutwr coads/x | cxewr curw  coeds/x | FUOW
: i S 7 ~ | -doessep Jo
sAep Jo equun N
DINAHT, TTIAW

wjodav]f pprssv))

T SR DPISSD)

T £9qua DPISSD))

vsourbrgns VPSSV

soroadyg

A °Iq% L

SUOT)IPUO0D K10jRIOQR] I9pUn IVUIPLssV) Jo juemndoeasp jo pSuery




289

'PUNOY OIOM SIBISUL [RAIR] § A[UO DANAH], P]02av)f ') THM — X

"POJBSIISOAUT J0U SEM DEANAH], D]02av]f ") PUB T sIprua ‘) Jo orAIR] oY} Jo yuowdo[oAop oY) G961 UL — :suorjeuR[dx
44 143 0-8¢ 9€ 1€ €8¢ 8¢ 1€ 8-%¢ LE 0€ 9-€¢ (Sur
-Ae[ 559 Jo juemoux
b 9} WOIJ) JuUSW
,oo.m,_, 7000-LL -doresep 9gerduxo)
Ayrprumy are x
07T 6-€3 v 17 , oo ; . o = = g s
omgerodwmoy I X €3 61 0-1¢ LG e ¢-¢G 6¢ ¢e 0-L8 8¢ ¥c 0-9G SoursBuWI 5Uno x
T 9 ¥ 0-¢ L (4 0-9 L ¢ 0-9 L ¢ 0-9 evdng
HerSxI b dncer e s Lol (0T i mos O o Sl Sanif UG e e G 2P
SUOTIBAIISQO
oyl Jo! porod egyp, |1 GLLE €l 0L SIESEEL KT ST 0gE T ST H0S6l ST 0 UL 0:ST T evAleT
6 ¢ 0-L 6 L 8:L 6 9 8L 6 9 9-L 359
€9 TP  0-8¢ |9-€9 968 OIS (Sur
- L1 §30 Jo guemowx
oY} WOIJ) JuUewW

-dofessp ejerdwmo)




290

H. subferruginea SCHRNK.; with the Colorado beetle WRGOREK (1959) found
8—14 days, WEGOREK (1957a) 9—12 days, and LARCZENKO (1958) within
8—9 days, moreover, with Ceuthorrhynchus quadridens PANz. DMoCH (1959)
noted 11 days, and with Gaurotes virginea (L.) STARZYK (1970) 14—15 days.
The report of OGLOBLIN and MEDVEDEV (1970) that the length of the development
of eggs of cassids amounts to 4—6 days seems rather surprising. Laboratory
observations on the development of eggs of cassids were carried out under almost
constant conditions of temperature and air humidity (Tab. V). It was found that
at temperature 17-9°C and air humidity of 88-00 per cent this period amounted
to 14—17-5 days, at 20-3°C and 87-00 per cent — to 10-5—13 days, at 23-9°C
and 77-00 per cent — to 7-0—7-8 days. The results of the laboratory investigation
support the opinion that an increase in the air temperature and a decrease in the
humidity stimulate the development of eggs, this dependence having been
already found under field conditions. In the laboratory the development was
twice as short and the results obtained by other workers were also very similar.
According to RAMMNER (1937) the development of eggs of C. murraea L. took
11 days at 20°C, according to STARzZYK (1970) with Gaurotes virginea L. only
8—10 days. In the latter case course of the development was probably shortened
by lower air humidity (70 per cent). DmMocH (1959) found that the length of egg
development of Ceuthorrhynchus quadridens PANz. was on the average 6-1 days
at 25°C, this also corresponding with the results of the present author.

The above results indicate that the influence of temperature on the period
of egg development is probably more essential than the humidity, this being
supported by the results of Mcore (1970) and BECKER (1940).

C. Larva

A detailed description of the larvae of cassids was presented in the works
of KLEINE (1915, 1917), ENGEL (1932), RAMMNER (1934), STEINHAUSEN (1950),
PAv1y (1959), and OcrosrLiy and MEDVEDEV (1971). However, considering the
occurrence of a particular formation in the larvae: a covering from exuviae
and excrements, this description should be shortly given once more. The body
of larva is dorsally and ventrally flattened, variably elongated. The head usually
not visible from above, is ventrally curved. At the body sides 16 featherlike
spines are set while the anal segment has a pair of long hairs, the so-called
abdominal furca, which serve as base for the formation and carrying of the
corvering from excrements. Anus is situated on the ventral side on a protruding
pusher. The basis of the covering is formed of successive larval exuviae and from
excrements collected on them. Abdominal furca of one moult are stuck in a former

smaller one and the furca of the smallest moult freely protrude or are covered |

by excrements. Excrements are deposited on the moults with an elastic anal

segment. The kind and way of depositing excrements are very characteristic with
separate specieg (STEINHAUSEN, 1950).

S
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From the investigated species of cassids only C. flaveola THUNBG. does not
form any covering from excrements at all, it casts them and also the moults
on the surface of leaves, while the other three species form compact massive
coverings. Among other this covering from excrements is a characteristic feature
of the subfamily Cassidinae and makes possible a rapid and precise evaluation
of the age of a larva by counting the number of exuviae. The opinions of various
authors are quite contradictory with regard to the role of this covering in the
life of a larva. Some of them (ENGEL, 1932, MATIS, 1968) claim that because
of the free and open way of the life of larvae the covering does not protect
them from enemies and parasites; while others (WrADATSC H, 1919, PALIT, 1959,
KrrinNg, 1917, OcLoBLIN and MEDVEDEY, 1971) are of the opinion that it plays
a protective role against predators, especially small ones. The present author’s
opinion is that it can partly hide a larva from enemies but does not really
protect it.

After 11—33 days larvae emerge from eggs laid on the leaves of foodplants,
they punch through egg membranes in the direction of the leaf since they find
the least resistance here and can immediately begin feeding. Egg membranes
and protective coats are first dizssolved with saliva and then perforated (KLEINE,
1915). Observations of hatching larvae of the investigated species of cassids
showed that they really behave in the way presented by the above-mentioned
author.

Figure No 1 presents the phenology of the emergence of larvae of the investi-
gated species within the study area in the period of investigation. The earliest
emergence was observed in the third decade of May and they were larvae of
C. rubiginosa MULL. and C. flaveola THUNBG., while the other two species appear
as late as the beginning of June. Gradually the number of appearing larvae
increases and in July their maximum numbers are noted, while all development
stages are encountered at the same time at this period. This phenomenon is
explained by KLEINE (1920) with delayed egg laying by females and with an
unequal development of the larvae of cassids, this being fully supported by the
Investigation of WEGOREX (1959) and LARCZENKO (1958) on the Colorado beetle.
In the investigation in Ojeéw considerable differences were found in the develop-
ment of eggs (3—>5 days) and larvae (3—7 days) from the same egg batch.

The following length of the period of the occurrence of the larvae of cassids
Was noted on the investigated meadow: the larvae of C. rubiginosa MULL. occur
throughout 3—3-5 months, of C. vibex L. 2-5—3 months, C. viridis L. 1-5—2
months, C. flaveola THUNBG. 2—2-5 months. Confirmity is principally observed
between the phenology of the emergence of a given species and the length of
the occurrence of its larvae (fig. 1). However, certain discrepancy arises in the
Case of C. viridis L., whose larvae, of all species, occur on the meadow for the
Shortest period, even shorter than that of C. flaveola THUNBG., which always
Comes last from wintering. The reports of other authors (PALiy, 1959, PALIS
and KLEPIKOVA, 1957, STEINHAUSEN, 1950) on the emergence and period of the
Occurrence of the larvae of the investigated species considerably differ from
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the results of the present author. According to their opinion the emergence
of the larvae of these species (with the exception of C. flaveola THUNBG. which
was not investigated) occurs 2—4 weeks earlier than in Oje6éw; this phenomenon
may be explained with differences in the climate of the regions of investigations.
On the other hand, STEINHAUSEN (1950) reports a period of the appearance
of larvae fairly similar to that found in Ojcéw by the present author, while
PAL1y (1959) and PALy and KLEPIKOVA (1957) report the periods of the occur-
rence of the larvae of these species shorter by 1—2 months than those found
in Ojeow, but their results seem questionable.

Immediately after hatching larvae begin to feed on foodplants. Two elements
of their behaviour are most striking: the feeding chiefly occurs on the under
side of leaves and, moreover, the sociability of feeding observed at that time,
takes only place up to the end of the second instar. This behaviour of new hatched
larvae of cassids js also reported in the works of RAMMNER (1934, 1937), ENGEL
(1932), KLEINE (1915, 1917), PALIy (1959), PAary and KrerikovAa (1957),
and OGLOBLIN and MEDVEDEV (1971); in the larvae of the Colorado beetle
by WEGOREK (1959) and Sivmm (1948); and with the larvae of chrysomelids
in the work of SzZUJTECKT (1966). Beginning from the third instar larvae pass
on other leaves of foodplants and even on neighbouring specimens of plants.
At that period they do not only feed on the under side of leaves but also more
often on the upper surface. In the fourth and fifth instar the feeding of larvae
occeurs on both sides of leaves.

The pictures of feeding cf consecutive larval instar of C. rubiginosa MULL.
on the leaves of foodplants are presented in plate XXVII, C, of C.vibex L. in plate
XXVIII, C, of C.viridis L. in plate XXIX, A, B, and C. flaveola THUNBG. in plate
XXIX, C, D. Larvae of the first instar are hardly active, feed round themselves,
-eat out small holes (rather near each other) on the surface of the leaf (the so-called
scrape feeding) and very rarely make perforations. In the next stages the activity
of a larvae increases, the holes are greater and greater and more scattered;
the scerape feeding still dominates but perforation is more and more frequent.
In the fourth instar the feeding of larvae is very strong, the holes are still greater
the perforation feeding dominates over scraping, marginal feeding already
occurring in places. In the fifth instar the holes are very great, perforation
dominates while the scrape feeding ig infrequent and the marginal one fairly
often. The damage in smaller leaf nerves is also encountered. The difference
between C. viridis L. and C. rubiginosa Mt1L. as well as C. vibex L. lies in the
fact that in the first species no scrape feeding occurs only perforation and strong
injury to leaf nerves being noted.

The surface feeding is of the primary character, while the marginal one is
secondary since it is begun from the middle; the scrape feeding is also primary
(oceurs throughout the whole larval period) while the perforation one secondary-
The feeding of the larvae of C. rubiginosa MULL., (. vibex L., and C. viridis L. on.
other foodplants (pls. XX VII, ¢, XXVIII, C, and XXIX, B)is very similar to that
on Cirsium oleracewm (L.) Scop. and Mentha longifolia (L.) Hups. while the
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dominance of the perforation over scrape feeding on leaf blades depends on the
age and thickness of leaves, this being strongly stressed by KLEINE (1915, 1917).
Moreover, he claims that these more or less variable pictures of feeding exclusi-
vely depend on the structure of leaves and thus do not origin from the nature
of larvae. B.g. delicate leaves of Cirsium rivulare (JACQ.) ALL., Centaurea jacea L.,
or Stachys silvatica L. are distinctly perforated by the larvae while cn the leaves
of Carduus acanthoides 1., Cirsium lanceolatum (1..) Scop., and on Stachys
palustris L., which have somewhat thicker blades, the dominance of serape
feeding is observed.

The larvae of C. flaveola THUNBG. fed on the leaves ¢ f Stellaria graminca L.
(pl. XXIX, C). Contrary to the species mentioned above the larvae of the first
and second instar feed as well on the under as on the upper leaf surface, besides.
they show relatively weak sociability. The picture cf feeding of this species
1§ quite different. The marginal feeding has a primary character while that on
the surface is secondary; moreover, perforation feeding decisively prevails
While seraping occurs rarely. The larvae of the first instar feed similarly like
those of the other three species, but strong injuries are already observed from
the second instar including the injuries of leaf blades. The larvae also make
Similar picture of feeding on other food plants (pl. XXIX, D), the weakest
feeding being found on the leaves of Cerastium vulgatum L.

Additional laboratory cultures, carried out in 1972, showed that Sonchus
arvensis L. (pl. XXVII, C) was a doubtful foodplant of C. rubiginosa MULL. since
on its leaves feeding was found in an insignificant degree, while Carduus acanthoi-
des L. and Cirsium lanceolatum (L.) Scop. (pl. XXVIII, C) were real food-
Plants of C. vibex L. which fed on them in a considerable degree.

In comparing the pictures of feeding of four investigated species it may
be observed that the picture left by the larvae on the leaves is characteristic
for each species. The differences in these pictures are particularly strong in the
fourth and fifth larval instars and are visible in the shape of feeding, its size,
dengity, and spread on the surface of leaf blades. It should be also stressed
that the basic structure of feeding, i.e. the type and way of making holes,
does not change in any instar, this being distinctly supported by the observations
f Kiming (1917).

In this period the larvae of cassids undergo successive moults each of them
being connected with a decrease in their activity and a strong reduction in food
Consumption. After each moult the larva begins intense feeding again its maxi-
Mum intensity occurring in the fourth and fifth development instar. In the period
f investigation it was found that the larvae of €. rubiginosa MULL., C. vibex L.,
and 0. viridis L. moulted as much as 5 times throughout their lifetime (fifth
Woulting ending in the pupation), while the larvae of O. flaveola THUNBG.
Only 4 times. Therefore 5 larval instars occur in the first three species, and
only four in the last one.

_ This is fully supported by the data of RAMMNER (1932, 1934), STEINHAUSEN
(1950), ENGEL (1935), KAUFMANN (1933), MANOLACHE (1938), NIETZKE (1939),
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and KLEINE (1920), while the data of PAL1y (1959) and of OGLOBLIN and MEDVE-
DEV (1971) reporting the number of 3—4 larval instars of cassids are incorrect.

The course of development of larvae depends above all on the influence
of climatic factors, the main role being played by temperature, air humidity,
and rains. This is also supported by the results of KLEINE (1920) and RAMMNER
(1934) on cassids; of WgGOREK (1950, 1959), MIKSTEWICZ (1948), KACZMAREK
(1955), and Simm (1948) on the Colorado beetle; of SrarRzYK (1970) on Gaurotes
virginea (1.), and of Dmocu (1959) on Ceuthorrhynchus quadridens PANz. The
influence of these factors was investigated on the meadow in Ojcéw in the years
1969—1971 (Tab. IV) and the shortest course of the larval development was
found at the mean temperature of 14-5°C and air humidity of 79-40 per cent
while at temperature 11-8°C and air humidity of 85-70 per cent it was 1-5—2 times
longer. The table clearly shows that the rate of the larval development of cassids
depends on temperature and air humidity. The influence of rains, especially if
connected with strong decrease in the temperature, is also strongly marked.
Tn 1970 the cool and rainy May and the beginning of June significantly influenced
the larval development, which was lengthened by about 10 days as compared
with that of the preceding year. In 1971 the still longer development of larvae
was recorded under the influence of very low temperatures and strong rains
in June and at the beginning of July.

Against this background extremely interesting are the results of investigations
of other ‘workers on the development of larvae. PALIT and KLEPIKOVA (1957)
and OGLOBLIN and MEDVEDEV (1971) report that under field conditions the
development of the larvae of cassids takes 12—20 days, this seeming a somewhatb
lowered value. According to STEINHAUSEN (1950) the development of the larvae
of O. flaveola THUNBG. takes 18 days, according to ENGEL (1932) of C. Viridis
27 days, according to RABAUD (1915) of C. rubiginosa MULL. and C. viridis L.
21 days, according to GorBUNOV and SEREMET (1968) 30—40 days. Results
obtained with other herbivorous insects are also interesting. According to
WEGOREK (1950) the larvae of the Colorado beetle take 25 days to complete
their development, those of Longitarsus suturellus D¥r. 28—35 days according
to WARCHOLOWSKT (1958), those of chrysomelids 17—25 days (SzUIECKI, 1966),
and of Ceuthorrhynchus quadridens PANz. 25—40 days (DmocH, 1959). The
presented results are highly consistent with the data of the present author-

In the years 1969—1971 laboratory investigation was carried out on the
length of the larval development of the investigated species of cassids (Tab. V).
The observations showed that as the temperature increases and the air humidity
decreases the rate of the development is faster and faster. At the constan?
temperature of 17-:9°C and humidity of 80-00 per cent it amounted te 21318
days while at 23-9° and 77-00 per cent it was shortened 1-5—2 times and amoun-
ted to 14—19 days. The results obtained by other workers under laboratory
conditions are also worth noting. According to RAMMNER (1934) the larvac
of C. murraea L. took 21 days to complete their development at room tempera”
ture, of C. nebulosa L. — 17 days (KLEINE, 1920), of C. nobilis L. 29 days at 18°0 |
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(KAurMANN, 1933), of Ceuthorrhynchus quadridens PANz. 25 days at 21°C
(DmocH, 1959). The above-given data are very similar to those obtained by the
author of the present work.

In comparing the length of the development of the larvae of cassids under
field (Tab. IV) and laboratory conditions (Tab. V) it may be said that in both
cases the larvae of C. flaveola THUNBG. show the shortest period of development,
while those of C. viridis L. a relatively short period in the laboratory but the
longest one in the field. The larvae of the other two species have very similar
beriods of development both in the field and in the laboratory.

D. Pupa

Considerable restlessness is observed in the behaviour of larvae which have
completed their development; they cast the covering from excrements and show
a tendency to migrations, this being also supported by the results of RAMMNER
(1934) and ExcEL (1932) and in chrysomelids by Szuseckt (1966). They usually
Select for pupation other leaves of their host plants, never those on which they
have fed. Pupation fairly often occurs on grasses and on various dicotyledones
Which grow nearby, this having been observed with C. flaveola THUNBG. Through-
out the period of several-year investigation it was found that in the investigated
Species the pupation takes place at inflorescences or in the middle of the height
of plants, chiefly under a leaf, here the only exception being C. vibex L. which
often pupates also on the upper leaf surface. The observations of the author
are fully supported by the results of the investigations of RAMMNER (1934),
ENewrL (1932), PALLy and KLEPIKOVA (1957), OGLOBLIN and MEDVEDEV (1971),
and GorBUNOV and SEREMET (1968).

The period of the pupa is preceded by the pre-pupal stage. The larvae sit
otionless on the under side of leaves, stuck to the substratum with a brown
Sticky substance excreted from the fifth to seventh segments. Outdoors the
length of this stage (Tab. IV) ranges with various species from 2 to 4-5 days
and in the laboratory (Tab. V) from 2 to 3 days. According to ENGEL (1932)
under field conditions this stage lasts 36 hours with C. viridis L., while according
t0 SzusmckT (1966) its length ranges from 36 hrs. to 4—6 days with various
chrysomelids and this observation is consistent with author’s own data. Figure
Presents the time of emergence and occurrence of the pre-pupae of cassids on the
Study area. The pre-pupae of C. rubiginosa MULL. were the earliest ones found
While those of other species appeared in 1-week intervals. The variation in the
terms of the appearance of pre-pupae amounted to 1—2 weeks in separate
years. The period of the occurrence of pre-pupae was 2-5 month in . rubiginosa
Mt1r.., 225 months with €. vibew L., 1—1-5 months with C. viridis L., and
1—1.5 months with C. flaveola THUNBG. No data were found in the literature
%L the phenology of the cccurrence of this stage of cassids.

The moulting to pupa is very short taking 2—3 minutes, this being also
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supported by the observations of ENGEL (1932). The pre-pupa makes violent
movements with its body, alternately bending and constricting it, while the
fifth larval skin bursts and is pulled back above the pupa. Hence the pupa is in
two ways protected from being hurled down from a leaf since the back of its
body is stuck to the leaf surface and besides, its cerci are strongly inserted in the
cerci of the fifth larval skin. According to the opinion of WRADATSCH (1919)
this protects the pupae from being thrown down by strong rains and winds.

Detailed descriptions of pupae are presented in the works of RAMNER (1932),
PAar1s and KLEPIKOVA (1957), KLEINE (1915), and OGLOBLIN and MEDVEDEV
(1971) therefore it is unnecessary to repeat them here. The pupae of the investi-
gated species of cassids were found on plants just at inflorescences or in the
middle of the height of plants and almost always hanging upside down, this
being distinctly mentioned by the workers quoted above. In the period of the
investigations the present author was finding single pupae on the leaves of plants.
The only exception was C. rubiginosa MULL. whose pupae were sometimes
found in the number of 1—3 specimens on one leaf. The report of ENGEL (1932)
that 1—9 specimens of the pupae of O. viridis L. were found on one leaf is strongly
questionable.

The phenology of the appearance of the pupae of cassids is presented in
figure 1. In relation to pre-pupae the time of their appearance ranges within
only a few days, while in separate years strong fluctuations amounting to 10—30
days are observed in the time of the appearance of the proper pupae. The pupae
of O. rubiginosa MULL. were first observed within the study area while those
of the other species only 10—15 days later. The only report on the phenology
of the appearance of the pupae of the investigated species (with the exception
of C. flaveola THUNBG.) was the work of PALIy and KLEPIKOVA (1957). The terms
of the appearance given by these workers agree with the results obtained by the
present author, though they do not quote any data on the length of the occur-
rence of this stage under field conditions.

The term of the appearance and the length of development both of the
pre-pupae and of pupae of cassids above all depend on temperature and air
humidity. Field investigations (Tab. IV) showed that low temperatures and
rains (May and the beginning of June in 1970, June and the beginning of July
1971) distinetly delay the appearance and lengthen the time of development of
pre-pupae and pupae. As the temperature rises and the air humidity slightly
decreases the time of their development is considerably shortened, in the case
of C. rubiginose MULL. and C. vibex L. even by 2—3 days. In individual years
the period of the development of pupae of the investigated species ranged from
7—11 days. The most rapid development was found with the pupae of C. flaveola
THUNEBG. while the slowest one with C. viridis L. A comparison of the obtained
results with the results of other workers is interesting; according to RABAUD
(1915) the development of the pupae of 0. viridis L. takes 8 days, according
to ENGEL (1932) 6 days, according to RUPERTSBERGER (quoted according to
ENGEL 1932) 8—20 days. The result of the last author is most accurate while
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that of Encrr is distinetly too low. According to KLEINE (1917) the development
of the pupae of C. murraea 1. takes 10 days under field conditions, of the pupae
of (0. nebulosa 10 days at the mean temperature of 14-4°C (KLEINE 1920), and
of other chrysomelids 5—11 days (SzuseCKI, 1966). The results given above
are consistent with the observations of the present author.

The investigations carried out on the length of development of cassid pupae
under Jaboratory conditions (Tab. V) also showed a distinet dependence of the
length of development on the temperature and air humidity. Similarly like
outdoors, a more rapid development of pupae occurred at a higher temperature
and lower air humidity, O. flaveola THUNBG. of all species also here taking the
shortest time to develop. The length of the development of the pupac ranged
from 5—9 days. The results of other authors are quoted here for the sake of
Comparison: according to RAMMNER (1934) the development of the pupa of
C. murraea L. takes 5—8 days under laboratory conditions, according to KLEINE
(1920) 0. nebulosa 1. 9 days, and at a mean temperature of 24-4°(C only 5 days;
according to STARZYK (1970) Gaurotes virginea L. 10 days at 18—20°C. The above
data are highly consistent with the results of the present author.

E. Young imago

The development of the generations of cassids are decisively influenced
by temperature, air humidity, and rains, this being particularly stressed by
Kreng (1920) and PAL1y and KLEPIKOVA (1957) as well as by WEGoREK (1957 a,
1959) in his study on the Colorado beetle. In the years 1969—1971 in the investi-
8ations on the meadow in Ojeéw actual influence of these three factors was
foung (Tab. IV). The shortest development cycle of cassids was observed at
4 mean air temperature of 14-5°C and humidity of 79-40 per cent, while the
lOllgest one at the mean temperature of 11-8°C and humidity of 85-70 per cent.
Longer periods of development found in the last two years were brought about
by chilly weather and long rains in spring 1970 and in the spring-summer period
of 1971. The differences in the length of a complete development between the
two years (1969 and 1970) amounted to 15—18 days. Thus a successful develop-
ent of cassids depends on a certain level of temperature, which plays an essen-
tial role here, but above all on its uniform distribution throughout the vegetation
Deriod. The most favourable distribution of temperatures for the development
Of cassids oceurred in 1969 and therefore this average value of temperature was
accepted as a probable development optimum of these species. Several-year
Mvestigation of KLEINE (1920) showed that this optimum really lies within
the limits of 14— 15°C. According to OGLOBLIN and MEDVEDEYV (1971) the length
of development of cassids is 28— 35 days, according to WRADATSCH (1919)
?f C. splendidula SUFFR. 47 days, according to KLEINE (1917) of (. murraca
o6 days, according to GORBUNOYV and SEREMET (1968) of H. subferruginea
Scarnk. 64 days, according to WEGOREK (1959) of the Colorado beetle 48 days,
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according to WARCHALOWSKI (1958) of Longitarsus suturellus D¥T. 67 days.
The above-mentioned data are fairly consistent with the results of the present
author. .

Under laboratory conditions at various systems of constant temperatures
and air humidities (Tab. V) the development of cassids showed dependences
similar to those found in the field. The longest period of development was
found at the temperature of 17-9°C and the humidity of 88-00 per cent, while
at the temperature of 23-9°C and the humidity of 77-00 per cent it was shortened
almost a half. From the investigated species the most rapid development both
under laboratory and field conditions was found with C. flaveola THUNBG.
while with C. viridis L. it was longest in the field and relatively short in the
laboratory (as compared with other species). According to RAMMNER (1937)
C. murraea L. took 37— 38 days to complete its development at 20°C, this period
being much shorter at the same temperature than in the investigation of the
present author (Tab. V), however, it was supposed that high air humidity occur-
ring in the laboratory played a serious role here.

The problem of the number of generations in a year is connected with the
length of development of cassids. In separate years under microclimatic condi-
tions of the meadow this development ranges within 1— 3 months in the species
under investigation (Tab. IV). According to the present author this irregularity
and extension of the development are the best argument for the occurrence
of one generation with the investigated cassids throughout a year, this being also
stressed by KLEINE (1915). On the other hand the opinions of other authors
are sometimes different: some of them (KLEINE, 1915, 1916, 1917, SEREMET
and GORBUNOY, 1969, GORBUNOY and SEREMET, 1968) claim that only one genera-
tion of cassids occurs throughout a year, while others think probable the occur-
rence of two generations with certain species in some years, e.g. C. murraea L.
(RAMMNER, 1934), C. viridis L. and C. nobilis L. (PALLY and KLEPIKOVA, 1957,
‘OGLOBLIN and MEDVEDEV, 1971) in southern regions.

The author suggests that under climatic conditions of Poland the develop-
ment of only one generation in a year is possible. However, in laboratory cultures
under conditions of favourable temperature (24—25°C) and air humidity
(70—80 per cent) maturation, copulation, and even egg-laying by the females
of young beetles of cassids were observed but a further development and the
emergence of a second generation of beetles was only found with C. flaveold
THUNBG. The above considerations clearly indicate that under field condition$
climatic factors play a basic role in the development of cassids and decide aboub
the number of generations of these beetles throughout a year.

In the period of investigations the term of the emergence of young imagines
within the study area ranged from 2 weeks with C. vibex L. to 3 weeks with
C. rubiginosa MULL. while with the other species it occurred at a constant
period (fig. 1). The imagines of . rubiginosa MULL. emerged on the meadoWw
at the earliest term (the end of June and the beginning of July), then 3 other
species appeared at 2-week intervals. The most intense emergence of young
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bectles was observed at the end of J uly and throughout the month of August,
afterwards a slow decline was noted in September. The observations of RAMMNER
(1937), KLEINE (1915, 1916), SEREMET and GORBUNOV (1969), and PAr1y and
Krepikowa (1957) on cassids, of WEGOREK (1959) on the Colorado beetle,
and of WARCHALOWSKI (1958) on Longitarsus suturellus D¥T. showed that in

general the time of the emergence and intense occurrence of these beetles agree .

with the results of the present author.

The course of the hatching of young imagines from pupae s presented in
detail in the work of ENGEL (1932). Under field conditions the hatehing (from
a pupa stuck to a leaf) takes about 5 minutes while in the laboratory (a pupa
freely lying on a dish) 5 to 10 minutes. The newly hatched specimens of the
investigated species are characterized with different colouring, which is worth
discussing here. The imagines of (. rubiginosa MULL. are whitish yellow on the
upper side and pink on the under side, C. vibex L. are yellow-willow green on both
sides, C. viridis L. willow green on both sides, and C. flaveola THUNBG. light
creamy on the upper and under side. The common features of all these specimens
are: dark eyes and bases of antennae, light brown colouring of mandibles,
dark ashy or blackish bases of femures (in the case of €. wibexr L. even whole
femures are dark). As they grow older a change in the colouring of the cuticula
occurs, this being stressed by RAMMNER (1934), ENGEL (1932), WRADATSCH
(1919), and KLEINE (1917). In the first six hours of their life young beetles
Quietly sit on the under side of leaves and their cuticula slowly grows darker.
First traces of feeding may be observed after 6—9 hours and intense feeding
as late as after a few days. WARCHALOWSKT (1958) observed newly hatches,
imagines of Longitarsus suturellus Dpr. feeding after a few to several hours
thus in the period almost identical with that observed by the present author.

After the first 24 hours of life of imagines of the investigated species following
Colours of cuticula were found on prothorax and elytrae: with C. rubiginosa
MULL. greenish yellow, with (. wibex L. light green with a dark triangle on
elytrae, with C. viridis L. light green, and with C. flaveola THUNBG. light brown.
With the first two species the under side was black and with the two others
also black, the side margins of abdomen showing a narrow yellow streak on the
under side. The colour of the cuticula of prothorax and elytrae of beetles did not
change in the next days of their life, with the exception of C. rubiginosa MULL.
With which it turned from light green to green. The elytrae which were very
Soft and delicate after hatching, hardened in 5—7 days, this being consistent
With the data of RAMMNER (1934) and ENGEL (1932).

Field observations in Ojcéw showed that full colouring of beetles, in certain
Species connected with a metallic lustre of elytrae, is observed as late as after
Wintering, in spring in the mating period. Hence it may be concluded that this
Process must take a certain period of time and, moreover, that the lack of full
Colour of the cuticula of prothorax and elytrae indicates sexual immaturity
of imagines. Throughout several-year investigations it was found that the full
Colouring of cassids is never observed in the year of their hatching, this being
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also confirmed in the works of WRADATSCH (1919) and KLEINE (1920). The
opinion of RAMMNER (1934) that depending on climatic conditions a complete
change in the colcur of (. murraea L. occurs in 4—12 weeks seems questionable,
as he admits the possibility of the completeness of this process under field
conditions in the year of hatching of beetles, this being distinctly inconsistent
with the results of the present author. '

Complete colouring of the cuticula depends on intense feeding of young
imagines. The observations of the author as well as the report of KLpiNg (1917)
indicate that starvation of specimens inhibits the process of changing colour.
Hence it may be suggested that it depends on certain components oceurring
in the leaves of foodplants. The components which bring about changes in the
colour of young imagines are carotenoids accumulating in the fat body and
hemolymph of insects. This fact distinetly indicates the nutritive origin of
carotenoids with cassids, as is also supported by the results of Czeczuca (1971)
in his investigation onthe Colorado beetle. The feeding favours the formation
of carotene in the bedy of beetles and thus ensures the possibility of a change
in the colour as the time passes. A detailed description of a complete colouring
of C. murraea L. is given by KLrINE (1917). The process is very slow and has
a following course: mellow green colour of cuticula of prothorax and elytrae
passes into mucky green because a reddish pigment appears besides the green
one, their arrangement originating the mucky green colour. Gradually the
amount of the red pigment increases and that of green one decreases, the bettles
. getting brick red at last.

Under laboratory conditions at temperature 20—25°C and the air humidity
of 70—80 per cent the complete colouring of beetles cccurred in the period
of 30—60 days of their life and even the metallic lustre on their elytrae was
observed (C. flaveola THUNBG.) though it was normally found in the mating
period. The final colours of cassids are: dark green with C. rubiginosa MULL.,
golden-hued with a dark brown triangle with C. vibex L., brownish green with
C. viridis L., and light brown with (. flaveola THUNBG.

Already in the first days of their life young imagines of cassids feed fairly
intensely. The intensity of feeding increases in the next days and attains its
maximum in -the period of the first 2—3 weeks of life, distinetly decreasing
afterwards. Usually the beetles feed in early forenoon hours, and then in the
afternoon up to the sunset. The pictures of feeding of young imagines of C. rubi-
ginosa MULL. and C. vibex 1. are presented in plate XXX, of (. viridis L. and
C. flaveola THUNBG. in plate XX XT. Therange of host plants of the two first species
(pl. XXX, A, B, and C, D) is almost identical with the exception of Centaurea
jacea L. which is only damaged by C. wvibex L.

The essential features of feeding of these beetles are: surface feeding as
primary and marginal feeding as secondary, always performed from the middle;
moreover, scrape feeding as primary and perforation feeding as secondary-
Scraping of leaf tissue always prevails over perforation with C. rubiginosa MULL-
and with C. vibex L. vice versa. No sooner than in a later period of life (about
the second month) the perforation of leaf blade decisively occurs in both species.
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The shape of feeding marks is basically similar with both species but thé pictures
of feeding differ, greater regularity in the distribution of places of feeding on the
leaf blade being observed with €. vibex L. than with C. rubiginosa MULL. and,
Ioreover, in the latter very intense and wide feeding is observed on certain
parts of the leaf. The weakest feeding was found on the leaves of Cirsium lanceola-
tum (L.) Scop., Arctium lappa L., and, in the case of C. vibex L., on Carduus
acanthoides L. Additional laboratory cultures carried out on the leaves of these
blants showed that both species of cassids successfully completed their develop-
ment cycle on them.

The picture of feeding of young imagines of C.wviridis L. (pl. XXXI, A, B) is also
characterized by the occurrence of surface feeding as primary and marginal
one as secondary. As opposed to the two above-mentioned species perforation
feeding is always found here, often connected with injuries to leaf mnerves.
The perforations are often very irregular. The picture of feeding of C. flaveola
TauNBe. (pl. XXXI, C,D) is quite different: marginal feeding occurs as primary
here, while surface feeding has a secondary character; moreover, perforation
feeding decisively prevails over seraping and is also a primary feature. The places
of feeding considerably differ in size and their shape is very irregular. The
Wweakest feeding was observed on the leaves of Cerastium vulgatum L., however,
laboratory cultures showed that C. flaveola THUNBG. suceessfully completed
ity development on them.

In comparing the pictures of feeding of these four species it may be said
that they are distinetly specific and that their structure is very characteristic
for a given species. It is also interestin g to compare the picture of feeding of adult
larvae (pl. XX VII—XXIX) with those of imagines (pl. XX X—XXXT)of the inves-
tigated species. Strong similarity is distinetly visible in the structure, shape, and
distribution of places of feeding on the leaf surface, especially with C. viridis L.,
C. rubiginosa MULL., and C. Sflaveola THUNBG., being less distinet with €. vibex L.
With regard to the feeding of young imagines RAMMNER (1937) claims that
hewly hatched specimens of C. murraea L. perform only the perforation feeding
all the time from the beginning, this being consistent with the results of the
Present author, but only in the case of feeding of the imagines of €. viridis 1.

The behaviour of young imagines of cassids in the field is also worth noting.
In the investigation on the meadow it was found that young beetles are hardly
Mobile sitting on the same place for hours (near the place of hatching), most
often just at the inflorescence or in the middle of the height of a plant and
Usually on the upper side of leaves. This way of behaving of young beetles of
cassids as well as their intense feeding in the first weeks of their life were also
Stressed in the works of KLEINE (1916, 1919), RAMMNER (1934), ENGEL (1932),
and PArrr and KLEPIKOVA (1957), and with the Colorado beetle it was found
by Wreormk (1959) and MIKSIEWICZ (1948).

With very numerous insects and among them also with cassids which do not
Yeach the state of sexual maturity in the year of hatching, the phenomenon

of diapause is very common. This problem was mentioned by the workers who
4%
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studied the cassids (PALIT and KLEPIKOVA, 1957, KLEINE, 1917, and ENGEL,
1932) and was discussed at large in the investigations on the Colorado beetle
(WEGOREK, 19574, 1959, LiArczENKO, 1957, and KowALsKA, 1960), and on the
ingects in general (RUSZKOWSKA and OPYRCHALOWA, 1969, OPYRCHALOWA, 1972).
According to KowALSKA (1960) the characteristic features of this physiological
period are: general decrease in metabolism, a decrease in the content of free
water in the organisms, in the intensity of respiration, in the activity of enzymens,
an increase in the osmotic pressure, and great content of reserve (fat) substances.

As well the process of the origination of diapause as its course are very
complicated phenomena and depend on the influence of various factors. Accor-
ding to the opinion of WEGOREK (1959), LARCZENKO (1957), KowALSKA (1960),
RUSZKOWSKA and OPYRCHALOWA (1969), and OPYRCHALOWA (1972) a complex
of ecological factors such as the length of day, food, temperature, and humidity,

prevailing at the end of summer and in autumn induces the mass diapause

with the Colorado beetle and with other insects. Among these facters, according
to KOWALSKA (1960), a decisive role is played by light in the generation of
diapause, while according to LARCZENKO (1957) by the quality of food. On the
base of the results of several-year studies the author of the present work suggests
that the diapause of cassids originates under the influence of day length and
quality of food, while the term of its occurrence, closely connected with the
migration of beetles for wintering, depends on temperature, humidity, and day
length.

The day length connected with the date of hatching of imagines exerts
a decisive influence on their activity, period of feeding, and staying within
the study area. The eazlier is the term of hatching of imagines and the longer
is the photoperiod, the longer is the activity of beetles in the ficld. The observa-
tions of WreorEK (1959) indicate that young beetles of the Celorado beetle
hatched at a shert day prepare for wintering already after 7—8 days, while
those hatched at a long day preserve their activity for a long period, migrating
as late as after 45 days.

The method of marking and recapturing applied in the years 1967—1968
(Kostor, KLrIN, 1970) showed that young imagines which emerged earlier
(at the long day) fed and stayed on the meadow for about 2 months, while
those hatched later (at the short day) for only about 2 weeks. The period from
the beginning of June to the middle ¢f July was accepted as the long day (up
to 17 hrs.), while that from the middle of August as the short day (below 15 hrs.).
KOoWALSKA (1960) used an identical classification in the investigations on the
Colorado beetle. The above consideration suggests that the short day activates
the generation of diapause, moreover, a change in the taxis (from the negative
to positive geotaxis) and biochemical processes speeific for the diapause oceur
under its influence. KOWALSKA (1960) reports that a positive correlation exists
between the production of eggs and the size of corpcra allata. In the period
of diapause their size is smallest and in the period c¢f the formation of eggs —
the largest. On this basis one may suppose that the hormone cf eorpora allata
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is the direct reason of a depression in the production of eggs (DE VILDE, 1954).
This is supported by the investigations of Ruszkowska and OPYRCHALOWA (1969)
who found that certain cells of the gland corpora allata may excrete hormones
inducing the diapause with insects.

Another factor which inhibits the process of the production of eggs and
contributes to the occurrence of diapause is the quality of food (biochemieal
composition of the leaves of host plants). Since no biochemical analyses were
carried out on the content of fats and albuminous nitrogen in the leaves of host
plants of cassids and in the bedies of new hatched beetles, of those migrating for
hibernation, and of hibernating ones, the reasons of the occurrence of diapause
under the influence of the changes in food quality were studied on the basis
of investigations of WEGoREK (1957 » 1959), LARCZENKO (1957), and KOWALSKA
(1960) on the Colorado beetle and of OPYRCHALOWA (1972) on the insects in
general. In the active period of development as well as in the period of diapause
the physiological state of cassids depends on the biochemical composition
of food which changes throughout the vegetation season. The index of these
changes is the lipoidal coefficient L/N determining the quantitative relation
of fatty bodies to albuminous ones. In the spring period the beetles feed on
young leaves of a low lipoidal coefficient which favourably influences the
Mmaturation of females and the egg laying. As the leaves grow older the value
of the coefficient increases and since the beetles consume food of greater content
of lipoids, fats are accumulated in their fat body and the changes occur in the
course of metabolism. The synthesis of fats in an organism is accompanied
by the passing of free water into metabolic one, this being highly important for
an insect as the percentage share of free water is decisive for the process of egg
Maturation. In the newly hatched imagines of cassids the amout of free water
Is over 80 per cent of the body weight (Kosior, KLrIn, 1970). In the course of
development the beetles intensively feed, the content of reserve substances
Increasing and that of the water decreasing in their bodies. In connection with
the accumulation of reserve substances the body weight of betles increases.
In the period of the accumulation of reserve substances, with the water content
of up to 60 per cent, the maturation of cassids occurs and the laying of eggs is
Observed. With the decrease in the free water content to 55 per cent, the matura-
tion of eggs is inhibited, the activity and feeding are weakened and the beetles
Sradually fall in diapause. The above facts support the opinion of WgcorREK
(1959) who claims that the factors which induce the beetles to stop feeding
and to leave the plants have their origin in the organisms of insects and are of
bhysiological character.

As it was already mentioned the term of the occurrence of diapause is influen-
ted by temperature, humidity, and length of the day. Before falling in this
State young beetles migrate from the meadow into the forest to seek suitable
Places for wintering. The most important role is played by the day length which
decides that the specimens hatched as last migrate first, while those hatched
¢arlier do it much later. The periods of the migration of beetles to winter
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quarters slightly differs in individual years, however, they usually begin at the
end of August, intensively occur in September, and end at the beginning of
October. Several-year observations also showed that young imagines of C. rubi-
ginosa MULL. stay on the meadow for 2:5—3 months, of C. vibex L. 2—2-5 months,
of O. viridis L. 1-5—2 months, and C. flaveola THUNBG. 1—2-5 months. This list
showes almost ideal regularity according to which the later young beetles emerge,
the shorter they stay on the meadow.

At the end of the vegetation period the meadow on the bottom of the Saspow-
ska Valley is under much worse climatic conditions than the forest on the slope
of south exposition. It does not receive any more energy from direct solar
radiation, since it is in the zone of shade cf the Chelmowa Goéra Mt. In the second
half of August and in September the inversion of temperatures and the radiation
frosts connected with it very often occur here, while in the higher situated
and well insolated lime-hornbeam forest the more favourable conditions of
higher temperatures and lower humidity prevail (KLEIN, unpublished). The frosts
of early autumn bring about considerable worsening of bioclimatic conditions
on the meadow. As it was found in several-year investigation in September the
minimal air temperatures almost never exceeded the threshhold of +13:0°C.
Probably these low temperatures influence the migration of cassids for wintering
into the forest region.

In the investigation carried out in 1967—1968 it was found that the hiberna-
tion grounds of young imagines of cassids lay in a lime-hornbeam forest on a slope
of south exposition in the Sgspowska Valley, where favourable conditions for
the wintering of these beetles prevail. The cassids hibernate in the forest litter
at the depth of 5—8 ¢m in the imago stage and in the state of diapause (KOSIOR,
KLEIN, 1970). This fact is fully supported by the results of PALLY and KLEPIKOVA
(1957), KLmINE (1917), SEREMET and GORBUNOV (1969), GORBUNOV and SERE-
MET (1968), and by ENGEL (1932).

According to KowALSKA (1969) wintering beetles being in the state of proper
diapause are characterized with great resistance to unfavourable conditions,
i.c. low temperature, high humidity, and fungal infection. She also claims that
the most stable diapause is shown by the specimens which are the earliest
to begin it and those which have the least content of free water and the greatest
one of lipoids, the highest lipoidal coefficient and the greatest resistance to
thermie reactivation. In the bodies of hibernating cassids slow metabolic proces-
ses (chiefly the combustion of fats) oceur resulting in the production of water.
Its amount gradually increases throughout wintering and in spring reaches
the value of 60—70 per cent, the spring reactivation of beetles and then their
maturation taking place then.



V. ECOLOGY OF POPULATION

1. Dynamics of population numbers

In the years 1966—1971 observations and reviews of host plants were carried
out within the study area on the meadow at the intervals of 7—30 days, making
Dossible the investigation of the seasonal dynamics in the numbers of develop-
ment stages of four species of cassids. The results of these investigations ars
bresented in figures 5—10. The old imagines of €. rubiginosa MUTLL. alwaye
appear first on the meadow. Their emergence as well as that of other species
shows certain fluctuations in the successive years. The earliest appearance
of beetles was found on 7th April, 1967, the latest on 25th April, 1969. The
corregponding maximum numbers are recorded at the end of April or in the
first half of May. In the consecutive years in the month of May a strong decrease
In the numbers of beetles of this species regularly occurs, their number slowly
decreasing in June and July, and at the end of the season only single specimens
were found on the area.

The first specimens of C. vibex L. flew on the meadow 6—12 days later than
those of C. rubiginosa MULL. The earliest emergence was noted on 13th April,
1967, the latest on 6th May, 1969, the maximum numbers basically occurred
at the end of May or at the beginning of J une, then a slow decrease in the numbers
Was observed, so that in the final period of investigation only single specimens
of C. vibex .. were encountered. Since scarce numbers of . viridis 1. and C. fla-
veola THUNBG. were found on the meadow, the dynamics of the number of these
Species was only presented to such a degree as was possible. The appearance of
the first specimens of O. viridis 1. decisively occurred in the first decade of May,
thus in relation to C. wibex L. it was delayed by 0 (1969) to 14 (1971) days,
the maximum numbers being observed in the first decade of May (1968) and
in the second half of June (1970). In summer the number of adult beetles gradu-
ally decreases and at the end of September only single specimens are encountered.
The date of the emergence of beetles of C. flaveola THUNBG. considerably ranged
in the period of investigations. The earliest appearance was noted on 9th May,
1967, the latest on 7th J une, 1966; the maximum number was observed in the
Second half of the months of May and J une, then a slow decline followed and
at the end of the investigation season old beetles were only sporadically en-
Countered.

In the period of investigation it was found that the term of the appearance
of old imagines of the investigated species, the course and intensification of the
Yeturn from winter-quarters, and the fluctuations in the numbers of these
beetleg depend above all on climatic conditions: temperature, rains, and wind.
It ig supported by the investigations of KLEINE (1916—1917 ) on cassids, of
Mrksimywioz (1948) and WiLusz (1958) on the Colorado beetle, and of StArzvk
(1970, 1971) on Gawrotes virginea L. Strong rains connected with a great decline
of temperature and with winds inhibited the return of beetles which hid again



306

o A .
20 - 100,
e =T o~
L J\ /j\\\ T~ ke =L
//'\ // N TN o~ = ~ 3
o — DE_ o N S - 80=.
2 16 = = \\/ o
o
e h L
£ 12 A\ s i Sl S L —— 60
| ‘0
g / V. & 0
Bt o
“ o
< o
a o—
£ / | =
S - . ! SaSEE i e 20
LJf H l! | lLL;_h. J‘_LLJ L1 L
il \% \ \ Vii Vil IX X Xl XH
200
S
S 150 N\ -
N
£ N
o
: \ =
R
3 100
5 5 @ ——o—-
4 / \
=
@
£
S !
a |
Q o D 8
5 \% ) Vi Vil VIl IX X
5 E lr I T , —
g 100}~ e S ,,,,TT, = o
E A ‘
=) | i
50— - == N —
! ‘
L D
g 20l B0 oS s 27 15 8 8 5
© v v Vi Vil Vil IX X
2 ] [ [ E l l
H 20/ = ’ 1 e et 1 D
= | : I 1 ® !
T 27 15 8 8 5
v v Vi Vil Vil IX X

Fig. 5. Influence of climatic factors (A) on the fluctuations of quantity of Cassids (B, C, D)
in the study area on the meadow in the Saspowska Valley in the vegetation season of the year
1966. B — CQassida rubiginosa MULL., C — C. vibex 1.., D — . flaveola THUNBG., 1 — tempera-
ture, 2 — humidity, 3 — rains, 4 — old imagines, 5 — larvae, 6 — pupae, 7 — young imagines




As B
S0

o

temperature
s

: ‘tem—peratura

|

£

liczba okazd

b

o

number of specimens

liczba okazdw

SRS

[

200

150

100

S0

50

20

20

/o
100
802
ke
=
=)
=
508 =
9 ]
14073
(=)
5 |
Sy
20 ; =
IV v vl Vil IX X Xl Xl
T e
4
L \ L NG e s
2 i /i
/ \
/ \ AE e
) ya £ £ S
/
/ e 5
A o
— / _/ )\, @ ce—mtemm. 7
A / \[>
/ \ \‘\
N o)
>§/ Eeh N \.\
| [ N
1017 2530 11 28 B G % 30 18 5
v Vv Vi vii Vil IX X
E
G i I\ [ sl
. = = €
L N
/\‘ L — “
=1 Ne
Ll SR —~— .
10 17 2530 11 28 14 27! 16 31 16 30 18 5
I\ v Vi Vil Vil IX X
& e
0717 2530 11 28 B B 18 5
v v VI Vil Vil 1X X

(]
017 2530 1 28 1427, 16 3 M6 130 18 5
IV \% Vi Vil Vi 1X X

Fig. 6. Influence of climatic factors (A) on the fluctnations of quantity of Cassids (B, C, D, E)

' the study area on the meadow in the Saspowska Valley in the vegetation season of the year

1967. B — Cussida rubtginosa MULL., C— C. vibex L., D — C. viridis L., E — C. flaveola

THUNBG., 1 — témperature, 2 — humidity, 3 — rains, 4 — old imagines, 5 — larvae, 6 — pupae,,
7 — young imagines



= B2 podo

24

IX

"

29

17
Vil

2

19
Vil

W0

Vi

29

\

26

1%

7513

EE RS LR RS
: :
Aupruiny 2soutobiim
28 S 3 S = o) (o) o~
| 5
|
! s
ot
1 5
B <« e
=
|
W
> = = gl e 13 S mn 1 J
i . >
> a8 G ) i = e s
| i |
< , < e < w =
, = = Lo =
|
o Bl o~
B
= ~= | s
= —> _ >
|
< =
mulv T 2 =5
~ —<g~ 11—
mw. L I&ww P
W
D | D
o~ | P L
> | >
=2} Ly e
f
G odE
o~ | o~
= [
{ap) 1 {02 ) tmmr
= | &
T o~ | =~
1 _
(o) o c) {an) (=) (o) (=) (en) (=) o
w (=} Vel (@) w (=) o uy o~ o~
™ {s.2) o~ o~ = P
© o~ suswidads jo Jaguinu MOZDX0 DGzl suawioads o laqwnu MOZDX0 DQZz2l)

o€
20

E.mEEQElﬁ pJnjpladwa)



309

in the litter or into the meadow turf, influenced their activity, and hence their
number in separate periods cf investigation, and also the period of their stay
on the meadow. In comparing seasonal fluctuations in the number of old beetles
in consecutive years considerable differences in the maximum values of recorded
specimens are striking, the investigation season of 1970 being most remarkable.

The problem of the emergence of the larvae of cassids within the study area
throughout successive years appears very interesting. In general, the larvae-
of O. rubiginosa MULL. hatch first, the earliest term being 27th May, 1971,
the latest 10th June, 1970. The periods ef maximum numbers also range from
26th June in 1970 to 2nd August in 1971. Then in August a great decrease
in the numbers of larvae generally occurs and in September only single specimens
of larvae may be encountered strongly stunted in the development. The larvae
of C. vibex L. were found several to more than twenty days later than those of
C. rubiginosa MULL., but in the years 1966 and 1970 their simultaneous emergence
Wwas noted. In 1970 the greatest number of the larvae of C. vibex L. was recorded
as early as 26 June but in 1971 as late as 2nd August. A decrease in the number
of larvae occurs throughout the month of August usually at a rapid rate, so that
in September few specimens were only encountered.

In 1969—1971 the terms of hatching and emergence of the larvae of (. viri-
dis 1. are identical with those of O. vibex 1. in spite of the fact that the former
appear on the meadow a little later. The greatest numbers occur in the second
halt of June, in July a strong decrease and at the end of August a complete
disappearance of the larvae of this species are observed. The appearance of the
larvae of C. flaveola THUNBG. on the meadow takes place more than two weeks
later than that of the larvae of C. viridis L., though in 1971 it was noted at the
same time. The maximum number was recorded on 15th July in 1971 and
as late as 4th August in 1970. In August a slight decrease in the numbers wag
found and the last larvae were observed in the first days of September. The
dynamics of the number of the larvae of cassids show a marked dependence
on climatic conditions. High temperature brings about a simultaneous emergence
of larvae of various species from eggs laid at different terms, as was dinstinetly
showed in the years 1970—1971. Great rains, low temperatures, and winds
significantly influence the decreases in the numbers of larvae in the periods
of their maximum development, which were observed in all years of the inve-
Stigation.

The earliest emergence of young imagines of C. rubiginosa MULL. was noted
on 27th April, 1966 and the latest on 16th August, 1968, the greatest numbers
being observed in August (usually in the second half of this morth) and in the
first days of September. In September a decrease in the numbers occurs more or
<~

'Fig‘ 7. Influence of climatie factors (A) on the fluctuations of quantity of Cassids (B, C, D, E)

n the study area on the meadow in the Saspowska Valley in the vegetation season of the year

1968. B — (ussida rubiginosa MULL., C— O. vibew L., D — C. viridis L., E — (. Sflaveola

THUNBG., 1 — temperature, 2 — humidity, 3 — rains, 4 — old imagines, 5 — larvae, 6 — pupae,
7 — young imagines
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less rapidly, already in the first half of October only single specimens being
encountered. Usually in the second half of July the first specimens of young
imagines of C. vibex L. appear, reaching their greatest numbers in the second
half ¢f Avgust or in the first half cf September, then a slow decrease in their
number occurs.in September, only few specimens being found about the middle
of October. Young imagines of C. wiridis L. and C. flaveola THUNBG. appear
in the first half of August but since very small numbers of them are found
within the study area, it was very difficult to examine the dynamics of their
numbers. Probably the maxima of their number occur in the second half of
August, in September a slow decrease is observed in the number of specimens,
and at the beginning of October they are no mere noted in the valley. Climatic
conditions distinetly influence the term cof hatching and of maximum number
of young beetles cf cassids, and, moreover, decide about the beginning and course
of migration of imagines for wintering in forest regions.

In comparing the results of investigations in the consecutive years consider-
able differences appear in the maximum numbers of development stages
of cassids, particularly in the investigation seasons 1969 (fig. 8) and 1970 (fig. 9).
Great number of larvae and of young beetles of the investigated species was
brought about by the unusually good climatic conditions (hot summer without
rains) in 1969, this consequently influencing favourable development of the
population of cassids in 1970. This year was characterized by greatest numbers
of old beetles, larvae, and young beetles (with the exception of C. vibex L.)
in spite of unfavourable weather conditions (strong rains and low temperatures).
In 1971 (fig. 10) in consequence of continuous rains and very low temperatures
in the sccond half of May and especially in Jupe significantly lower values as
compared with the preceding years were ncted in the numbers of development
stages of cassids.

Seasonal fluctuations in the numbers of cassids are closely connected with
the size of the population of these beetles. In the years 1969—1971 in order
to determine and closely investigate these dependences a complete catch of cld
imagines of the investigated species was carried out within the study area
in the period of 3—5 days of their maximum appearance. Since the imagines
of cassids use to return and since the death rate of specimens is high in spring,
the Lincorn’s index (1930) was not applied in these studies, while the method
of a complete cateh carried out in a very short period of time (3—>5 days) enabled
considerable elimination of these two facters. The obtained data enabled the
evaluation of the size of imago population of the investigated species nsing
Z1PPIN’s method (1956) of the greatest probability. To the calculated values
the number of other specimens caught throughout the whole season was added
and in this way the most probable number of the population was obtained
(Tab. VI). The table clearly indicates that the highest values of the population
numbers of beetles occur in 1970, this being influenced by favourable climatic
conditions in summer 1969, while in consequence of unfavourable development
conditions in summer 1970 the values of population numbers were much lower
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Table VI
Evaluation of the numbers of adult imagines* of Cassidinae within the study area in the Sas-
powska Valley in the Ojcéw National Park

Maximal : : :
- Antaber of Other speci- L'valuatmn Actual
| Year of specimens | MeNs collected | of numbers | number of
investiga- Species fonnd i throughout ace. to the popu-
;’ tions the total | the vegetation | Ziprix’s lation
: e season method (4)4-(5)
! i e
1969 Cassida rubiginosa
| MoLL. 615 85 715-1 800-1
Cassida vibex 1. 15 38 15-9 539
! Cassida viridis 1. — 7 — -
j Cassida flaveola
f TrUNBG. — 9 — =
1970 Cassida rubiginosa
MuwL. 3086 290 5698-1 5988-1
Cassida vibex 1.. 79 112 121-5 2335
Cassida viridis L. 32 42 359 77-9
: Cassida flaveola
; THUNBG. 24 17 25-5 425
1971 Cassida rubiginosa
MurLL. 1001 285 1251-2 1536-2
Cassida vibex L. 35 38 36-8 74-8
Cassida viridis 1. 34 15 50-0 650
Cassida flaveola
THuNBG. 11 9 13:2 22-2

Explanations: * — specimens which returned to the meadow from wintering in the
forest.

** —71PPIN’s method of greatest probability (1956) enables relatively
precise evaluation of the numbers of the population of investigated
species of cassids on the basis of data obtained by complete catch
of beetles and with the use of regression equations.

In 1971 than in the preceding year. Moreover, the above-mentioned table show
that C. rubiginosa MULL. is the dominating and most numerous species within
the study area, €. vibex L. and C. viridis L. being fairly numerous. C. flaveola
TruNBG. was found a rarely oceurring species.

2. Fecundity

The existence, development, and the numbers of cassids closely depend
on their fecundity. In young imagines of cassids the features of maturity and
'fecnn_dity appear as late as after wintering, in spring of the next year. Their
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appearance depends on several factors: temperature, length of the day, rains,
and quality of food. Favourable distribution of temperatures significantly
influences the activity of beetles which strongly feed on young leaves of host
plants with a low L/N coefficient. The increasing length of day hastens the
maturation of cassids which begin to mate and lay eggs. Considerable decreases
in temperatures connected with strong rains may inhibit this process or even
stop it completely.

Investigations carried out in permanent observation points on the meadow,
on the fecundity of females of cassids in different age classes in 1969—1971
showed that with the investigated species the egg-laying is carried out in the
period from the beginning of May to the beginning of August, thus at a long
day of the length of more than 15 hours (Tab. IT). In spite of distinct differences
in the phenology of the emergence of separate species the term of the beginning
of egg-laying by the females cf . rubiginosa MULL., C. vibex L., and C. viridis L.
is identical, and only with . flaveola THUNBG. it is a little later. The periods
of egg-laying and the curves cf the fecundity of females of cassids in different age
classes are presented in figures 8—10.

In the years of investigation the beginning of egg-laying was recorded atb
different periods: in 1970 as early as on 12th May, while in 1969 as late as 23rd
May, this resulting from unfavourable climatic conditions (fairly strong Tains
and low temperatures). Maximum fecundity of females of cassids occurs chiefly
in June and in the first half of July while the maximum numbers of eggs are
almost always greater with 1-year old females than with 2- and 3-year old ones.
Strong depressions in the course of the fecundity curves and the occurrence
of several maxima in the number of eggs are brought about by considerable
decreases in temperatures and by continuous rains, this being distinetly showed
in figure 10. The terms of the end of fecundity in 1-year old females and in older
ones are the same (fig. 9) or show certain delay in the former (fig. 10) with the
exception of C. rubiginosa MULL. The length of the day is decisive here since with
the short day (below 15 hrs.) maturation of females and egg-laying do not occur
any more. The fact of the maximum fecundity with the females of cassids
observed in June and in the first half of July is supported by the investigation
of KOWALSKA (1969) and WEGOREK (1959) on the Colorado beetle and of OPYR-
CHALOWA (1970) on other insects. They found distinet positive correlation
between an increase in the length of the day and the rate of the maturatiod
of females and an increase in the number of deposited eggs.

Observations conducted on the fecundity of females of cassids in various age
classes enabled to compute the mean number of eggs laid by one female
(Tab. VII). It was found that in all years of investigation the greatest number
of eggs was laid by 1-year old females: C. rubiginosa MULL. laid 285—344 eggs
while with the other species these numbers ranged from 200—280 eggs. The t00
low mean number of eggs (117) laid by 1-year old female of C. vibex L. seems
somewhat doubtful as compared with 2-year old female (147 eggs). It may
be supposed that the main reason of such low fecundity was the unfavourable
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influence of climatic conditions (rains, low temperatures). Statistical analysis
was carried out using STupENT’S T test for different size of samples (GUILFORD,
1964) in order to check the significance of differences in the fecundity of 1-year
and 2-year old females of (. vibex L. in the vegatation season of 1970. It was
found that at the significance level of P < 0-05 insignificant differences occur
in the fecundity of females of different age classes. Morecver, it was observed
that the fecundity of females distinctly decreases in the second and third year
of their life (Tab. VII), this being mostly marked with the 2-year old female
of C. flaveola THUNBG. (a more than 5-fold decrease) and in the 3-year old female
of C. vibex L. (a more than 2-fold decrease).

The available literature contains scarce data cn the fecundity of female
of various age classes. According to GUSEV and ZURAVLEV (1958) the 2-year old
females of the Colorado beetle lay eggs, this being supported by the observations
of MiksIEWICZ (1948) who found that 1-year old female of the Colorado beetle
laid 875 eggs and in the second year only 183 eggs, thus its fecundity was decrea-
sing in older age. This is wholly consistent with the results of the present author,
therefore, the opinion of KowALsKA (1969) that 2-year old females of the Colo-
rado beetle do not lay eggs at all seems a little doubtful.

Laboratory observations carried out in 1971 on the fecundity of 1-ycar old
females of cassids showed (Tab. VIIT) that the number of eggs laid by one female,
as compared with the results obtained in field investigations, is lower with
C. rubiginosa MULL. and C. flaveola THUNBG. and a little higher with the other
two species. However, the numbers of eggs are in the limits of the fecundity
characteristic for 1-year old females of cassids.

A comparison of the fecundity of 1-year old females of cassids with that
of other herbivorous insects shows that:

X fecundity of a cassid female is 201—344 eggs (author’s data)
of a Colorado beetle 793—1301 eggs (WEGOREK, 1957a)
832—1455 eggs (WEGOREK, 1959)

of Longitarsus suturellus D¥r. 85 eggs (WARCHALOWSKI, 1958)

of Ceuthorrhynchus quadridens PANz. 124 eges (DMocH, 1959)

of Gaurotes virginea L. 23 eggs (STARZYK, 1970).

As this list indicates the females of cassids may be classified among the insects
of medium fecundity while the enormous fecundity of the Colorado beetle
and a very low cne of Gaurotes virginea L. should be stressed here.

3. Density

The problem of density is very closely connected with the fecundity of cassids.
The degree of density changes throughout the vegetation season in accordance
with the phenology of the occurrence and course of development of separate
stages. The measurements of the ranges of the distribution of host plants of
cassids carried out in 1966, 1968, and 1970 enabled to study both quantitative
changes in the size of these ranges (figs. 2—4) and changes in the density of
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beetles. Tt was found that the size of patches of Cirsium oleraceum (1.) Scop. and
Mentha longifolia (L.) HuDs. was increasing continuously while Stellaria gra-
minea L. reached a maximum range in 1968 and afterwards its surface was
slowly decreasing. Against this background the changes in the degree of the
density of cassid populations (Tables IX—XI) seem interesting. In comparing
the results of investigation in three different years it may be said that the degree
of the density of the population of cassids increases in spite of a great increase

Table IX

Changes in the degree of density of the development stages of Cassidinae within the study
area on the meadow in the Sgspowska Valley of the Ojcéw National Park in the vegetation
season 1966 (x specimen/m?)

Species Cassida rubiginosa MULL. Oassida vibex L.

Stage
Date of

investigations
20. IV 0-01
30. IV 0-31 0-01
1Ay 0-27 0-01
25. V 0-08 0-01 0-02 0-01
7. VI 0-:09 005 0-09 0-02 001 0-03
27. VI 0-05 0-09 0-40 0-01 0-01 0-02 0-10
15. VII 0-05 004 0-30 0-01 0-06 0-01 0-01 017 001 0-01
8. VIII 0-01 001 027 001 005 0-02 0-10 0-01 0-04
8. IX 0-01 001 0-13 0-:0L 001 0-04
5. X 0-01 0-02

Explanations: AI — adult imagines

E — eggs
L — larvae
P — pupae

YI — young imagines

in the surface of patches of their host plants. It is particularly distinet with old
Imagines and eggs while in other stages of development these regularities undergo
changes and with young imagines of C. rubiginosa MULL. and C. wibex L. the
density was even smaller. In spring 1966 maximum density of old imagines
of C. rubiginosa MULL. and C. vibex L. amounting to 0-3 of specimen per 1 sq.m.
and 0-02 of specimen per 1 sq.m. while in 1970 0-6 and 0-08 respectively. The
degree of the density of the other two species was only investigated in 1968
and 1970 (Tables X and XI). The maximum density of adult imagines of C. viri-
dis 1. is greater in 1968 (a minimum range of mint) than in 1970, nevertheless,
considering a great increase in the patch of mint in the period of twe years,
the value of 1-1 specimen/1 sq. m. was accepted as in increase in the densite
5%
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of beetles. In case of C. flaveola THUNBG. an increase in the degree of density
was observed in all development stages but this phenomenon might havy
resulted from a gradual regression in the range of distribution of the foodplant
of this cassid in 1970 (fig. 4) and also since 1970 from the use of a sweep net in
the study of the numbers of development stages of this species.

In comparing the degree of density of all development stages within individual
species (Tables IX—XT) it should be said that C. rubiginosa MULL. is really
the most numerous species on the meadow, (. vibex L. and C. viridis L. are not
very numerous, C. flaveola THUNBG. being rare. The greatest maxima of density
noted in almost all stages of the investigated species in 1970 (Tab. XI) suggest
that this favourable situation was indirectly influenced by very good climatic
conditions of summer 1969 (high temperatures, strong insolation, alimost no rains)
since the greatest density of old imagines of cassids of four investigated species
was observed in spring 1970. :

The reports of other workers concerning the degree of the density of various
species of cassids seem a little doubtful. PALIY and Krepikova (1957) report
that in 1953 the numbers of beetles of C. nebulosa L. amounted to 200—250 ima-
gines/1 sq.m. on specimens of pigweed, while SEREMET and GOrRBUNOV (1969)
claim that in invididual years the numbers of beetles of H. subferruginea SCHRNK.
amounted to 50—70 imagines per sq.m. on Conwvolvulus and of C. rubiginosa
MULL. to 30—50 imagines per 1 sq.m. on Canadian thistle, in 1965 the density
of larvae of the two species being 115—235 and 89—112 respectively. However
the above-mentioned authors do not define whether the density of these beetles
(larvae) was uniformly distributed on the whole surface of the range of their
host plants or was only determined on small randomly selected patches of plants.
Throughout several-year studies the author found that in the spring period
on randomly selected small patches (1 8q.m.) of foodplants the density of imagines
of 0. rubiginosa MU1L. was from several to scores of specimens per 1 sq.m. while
that of larvae from a few to twenty specimens per 1 sq.m., but if the whole area
of the distribution of these plants was considered, the degrees of the density
of cassids reached the values given in Tables IX—XI.

4. Migrations

The changes in the degree of density of young imagines of cassids at the
end of summer and in autumn and of adult ones in speing are connected with the
phenomenon of migration. The problems of migrations and wintering of cassids
were relatively comprehensively presented in another work (Kosior, KLEIN,
1970). Several-year studies carried out on the meadow in the Saspowska Valley
showed that direct reasons of the migration of young imagines to winter-quarters
in wooded areas are physical factors: temperature, insolation, length of days,
humidity; biotic factors being indirect reasons: quality of food and physiological
condition of beetles. &
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Ag it was already mentioned, in September of consecutive years minimum
temperatures of air almost never exceeded -+-13-0°C on the meadow and were
decigive for the term and course of the migration of beetles. It was found that
the eassids were distinetly heliophilous insects and therefore the increasing
degree of shading of the meadow and worse humidity conditions made them
migrate in the region of the lime-hornbeam forest, situated on a slope of south
exposition in the Saspowska Valley, where they wintered in the litter under
favourable conditions of temperature and insolation. Owing to the factor of the
length of day the beetles which hatched late (at the end of summer) migrated
after about 2 weeks to their winter-quarters while those which hatched earlier
(at the beginning of summer) did it as late as after about 2 months.

The quality of food connected with the process of senescence of leaves
of the host plants of cassids, inhibits the maturation of young beetles which
do not reach sexual maturity and begin to sink into the state of diapause,
preceded by their migrations to winter-quarters. In the period of autumn in the
bodies of beetles great amounts of reserve substances (fats) are found and the
content of water reaches the lowest level in their life, amounting to about
55-00 per cent in consequence of this physiological condition the beetles migrate
for wintering into the forest.

It might have been observed that in the spring period adult beetles which
had hibernated, returned from the forest to the meadow. As it was mentioned
the period of the beginning and course of return of cassids above all depends
on climatic conditions.

Among the authors who investigated the cassids only KLeINE (1917) discusses
in a glicht measure the problem of migration. He claims that the reason of the
migration of young imagines cf C. viridis L. for wintering are low values of
temperatures in the autumn period. The investigations of KuzNEcoV-UGAMSKI
(1929) on the migration of ladybirds and of CHROLINSKI (1963) on weevils showed
that the reasons of the migration of young beetles to wooded areas were: a diffe-
rence in air humidity between the forest and open space and the search of places
most suitable for wintering. The opinions of the above-mentioned workers
are in agreement with the results of the present author, however, they treat
the problems of migration on a limited scale.

The courses of migrations and returns of the imagines of the investigated
Species of cassids are presented in figures 5—10. The wintering migration of
young cassids begins in the second half of August or at the end of this month
(depending on the influence of climatic conditions), is fairly intense in September
and ends in the first half of October. The return of beetles from winter-quarters
to the territory of the meadow occurs in spring of the next year: the earliest spe-
cies being C. rubiginosa MULL. (I or II half of April) while the other species
appear successively in 7—10-day intervals. A maximum return takes place
in May, then in June a slow decrease and at the beginning of July an end of it are
observed.
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VI. THE INFLUENCE OF PHYSICAL AND BIOTIC FACTORS ON THE POPULATIONS
OF CASSIDS

A. Physical factors

1. Temperature, rains, and wind

Climatic conditions which considerably influence the development of the
pSpulations of cassids are: air temperature, rains, and wind; this being wholly
supported by the results of the investigations of KLeINE (1916, 1917) on cassids,
of MIKSIEWICZ (1948), WILUsZ (1958) and WEGOREK (1959) on the Colorado
beetle, of STARZYK (1970, 1971) on Gawurotes virginea L. and on other beetles
of the family Cerambycidae, and of Wrirsxr (1951) on the pests of culture plants.
Among these three factors the dominating role is played by the temperature.
Certain minimum amount of heat is necessary for the development of the popu-
lations of the investigated cassid species. On the investigated meadow the
temperature of the threshold value of +13-0°C is necessary for the beginning
of the vegetation and return of beetles from wintering. Further increase in the
temperature favours intense development of the vegetation and, in consequence,
good living conditions are found by the coming beetles. A proper development
of cassids depends on weather conditions in May, particularly in its first half,
since at this time strong return of Imagines occurs; soon the masses of beetles
begin to mate and afterwards to lay eggs. Heavy and continuous rains connected
with low temperatures and winds considerably limit the activity of feeding
and mating of the investigated species, they also influence their fecundity
and the period of the development of eggs. When the weather conditions improve
the beetles reappear and continue their development cycle.

Investigations on the length of development and of the reduction degree
of eggs and larvae of cassids were carried out on the meadow at permanent
observation stations in the years 1969—1971. The influence of physical factors
on the reduction of eggs is bresented in Table XII. It was found that in the
investigated species this degree ranged from 23-68 to as many as 72-54 per cent,.
The greatest reduction of eggs was noted with C. flaveola THUNBG. (59-34—
72-54 per cent) and . vibex L. (41-64—60-03 per cent), while with two other
species it was lower almost by half and amounted to 23-68—53-54 per cent with
O. rubiginosa MULL. and 24-79—30-86 per cent with C. viridis L. The great
degree of egg reduction with (. flaveola THUNBG. and C. vibex L. in 1970—1971
is very interesting.

In both years of investigations in the Spring period great decreases in the
temperature and often rains were noted (tigs. 9, 10). It is supposed that these
two factors connected with strong winds brought about this enormous reduction
of eggs. The egg batches of both species of cassids are composed of one or rarely
of two eggs or more, and are a little more weakly stuck by females to the leaf
surface so that stfong rains and winds easily wash or thrust them to the ground,
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Table XII

Influence of physical factors (temperature, rains, wind) on the degree of reduction
of eggs of Cassidinae within the study area on the meadow in the Saspowska
Valley of the Ojeéw National Park

in the vegetation season 1969

Number of eggs
Species
initial % |reduced 9% final o/

Cassida rubiginosa MULL. 4272 100-00 | 2287 53-54 | 1985 46-46
Cassida vibex L. 2652 100-00 | 1443 54-42 | 1209 45-58

in the vegetation season 1970
Cassida rubiginosa MULL. 4872 100-00 | 1154 23-68 | 3718 76:32
Cassida vibex L. 2223 100-00 | 1334 60-03 889 39:97
Cassida viridis L. 2009 100-00 497 2472 | 1512 7528
Cassida flaveola THUNBG. 1933 100-00 | 1147 59-34 786  40-66

in the vegetation season 1971
Cassida rubiginosa MULL. 28556 100-00 867 30-36 | 1988 69:64
Oassida vibex 1. ; 808 100-00 336 41-64 472  58-36
Cassida viridis L. 731 100-00 226  30-86 505 69-14
Oassida flaveola THUNBG. 304 100-00 221 72-54 83 27-46

while the egg batches of C. rubiginosa MULL. and C. viridis L. are usually compo-
sed of a greater number of eggs and are more strongly stuck to leaves or stems
of foodplants. It should be also stressed that among the batches thrown down
by winds or rains many were surely attacked by egg parasites (biotic factors)
but unfortunately it was not possible to determine it.

The course of weather conditions greatly influences the development and
death rate of cassid larvae. In the summer period high temperatures and the lack
of rains greatly affect their development, distinctly shortening the development
cycle (Tab. IV), while low temperatures, long periods of rains and winds (which
blow in the Sgspowska Valley from SW, W, and NW directions for a great
Part of the year; personal communication of Dr. J. KLgin) strongly inhibit
the development and considerably reduce the larvae. The observations of the
author showed that strong raing and winds threw down great amounts of larvae
in the first and second instar from the plants, this being also supported by the
results of the studies of KLrine (1915) and RAMMNER (1934) on cassids and
of KAczMAREK (1955) and MIksTEWICZ (1957) on the Colorado beetle. The degree
of reduction of separate stages of development of cassids under field conditions
In the years 1969—1971 are presented in Table XTIII. Since it was not possible
to determine precise numbers of larvae reduced as well by physical as by biotic
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factors, it was accepted on the basis of author’s own field observations that
larvae of the first and second instar are reduced to 1/3 of their number by the
first group of factors, while in the next instars the decisive role was played by
biotic factors.

In the years 1969—1972 four controlled winterings of young imagines
of four cassid species were carried out in the lime-hornbeam forest on a slope
of south exposition in the Saspowska Valley (pl. XXTI, A). The obtained results
enabled to determine the death rate of beetles in the periods of wintering
(Tab. XIV). In four winter seasons the highest death rate was found among the
imagines of (. vibew L. (51-09—58-33 per cent), while the lowest one (with one
exception) among C. flaveola THUNBG. (20-83—29-23 per cent); the two other
species had medium places in this classification. In the literature only one infor-
mation was found with regard to the death rate of beetles wintering in forest
litter. VASILEV (1963) found that in Gastrolina thoracica BALY (Col. Chrysom. )
wintering in a more or less dry forest litter in low riverine terraces, the death
rate amounted to 15 per cent, while in more humid places to 25—30 per cent.
The results obtained in the present work (Tab. XIV) are very similar to the data
of VASILEYV, but in case of C. vibes L. they seem to suggest that the litter in which
the beetles wintered was very humid.

The problem of the course of mortality throughout the wintering of beetles
should be briefly discussed. According to KOWALSKA (1960) and LARCZENKO
(1957) the physiological condition of the imagines of Colorado beetle greatly
influences the whole course of winterin g and is the reason of their variable winter
mortality. The late the stage of diapause occurs in autumn, the greater is the
resistance of insects in the period of wintering. In diapause the beetfles are
resistant to low temperature, high humidity, and fungal infection.

Investigations on the mortality of the imagines of cassids in autumn, winter,
and spring showed that the highest death-rate occurs in spring (50—70 per cent
of the total number of beetles dead throughout wintering). It is supported by the
investigation of KowALSKA (1960) on winter mortality of the imagines of the
Colorado beetle. According to WicorEK (1957) and KowALSKA (1960) meteorolo-
gical factors do not play any role in the mortality of beetles in winter but they
do in spring. The greatest mortality occurs in spring period because the diapause
is finished in a part of beetles but unfavourable climatic conditions prevent
them to retuin to the regions of feeding. Climatic conditions of the end of April
and the first half of May play decisive role with the imagines of cassids. In con-
sequence of low temperatures, often rains, and winds for a long period of time
many beetles perish on account of starvation in the period before the return
on the meadow.

Parallel to the study on four wintering of young beetles (new specimens
were observed every year) observations were carried out on the winter death
rate and the lifetime of the same specimens of four cassids species (Tab. XV).
Obviously, the initial numbers of beetles observed from every species were much
smaller, but according to the rule of the elaboration of life tables, these values
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were calculated for 1000 specimens. The problem of the lifetime of separate
Species is very interesting. The average length of life (eo) of beetles in a population
at the moment of hatching (August 1968 with C. rubiginosa MULL. and C. vibex L.
and August 1969 with C. viridis L. and O. flaveola THUNBG.) amounts to highest
values with C. flaveola THUNBG.: 13-4 months and with C. rubiginosa MULL.
only 8-9 months, this resulting from a very high death rate of the imagines
of this species in spring of the first year of their life. The two other species show
- Mmedium values with regard to eo. In this table fairly regular periods of great
intensity in the death rate of beetles may be seen separated with periods of the
death-rate equal to zero. They illustrate winter mortality in successive years.
particularly increasing at the turn of winter. In the present study a maximum
life length was almost 4 years with C. rubiginosa MULL., 3 years with C. vi-
bex 1., almost 3 years with C. viridis L., and 2 years with C. flaveola THUNBG..
With all gpecies males lived shorter than females, with the two sexes the diffe--
rences ranging from 2 months with C. flaveola THUNBG. to almost 2 years with
(0 rubiginosa MULL. (c¢f. Tab. ITI). The anticipated life length (e,) of imagines
which reached these maximum age classes was only half a month (Tab. XV).

2. Insolation

Besides the three factors discussed above, insolation is another one playing
an extremely important role decisive for the occurrence and development
of the population of the investigated cassid species within the study area on the
meadow. The situation of the meadow on the bottom of the Saspowska Valley
between the mountains Chelmowa and Zlota (pl. XX, B) causes that in connection
With a constant change in the solar declination the amount of energy from the
direct solar radiation reaching the surface of the meadow as well as the degree:
of its shading are also subject to essential changes. The dependences between
the occurrence of cassid populations within the patches of their foodplants
on the meadow and the changes in the degree of its shading throughout the
vegetation season 1970 are presented in figures 11—17. At the end of March in
Spite of the fact that a greater part of the meadow was already insolated (fig. 11),
no appearance of any cassid imagines was observed yet. In this period unfavou--
rable climatic conditions occur on the meadow (KLEIN, unpublished) therefore:
the development of vegetation and, in consequence the appearance of beetles:
are not yet possible. In April at maximum temperatures of +13-0°C and more,,
intengse development of the vegetation is observed on the meadow and then
more and more numerous beetles appear there (fig. 12); in May they begin to.
reproduce, the development of new populations of cassids being thus originated.

The degree of shading of the meadow distinctly decreases in April (fig. 12).
and May (fig. 13) reaching its lowest level in June (fig. 14); afterwards it slowly
increases in July (fig. 15), more rapidly in August and September (figs. 16, 17),.
and in October (an additional observation) almost the whole area of the meadow
I8 in the zone of shade of the Chelmowa Géra Mt. In December (also an additional
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Fig. 11. Degree of shading in the study area on the meadow in the Saspowska Valley of the Ojeéw National Park on March 21. 1970
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Observation) its shade covers the whole meadow together with slopes of the Zlota
Gora, Mt. near the valley bottom.

A doubtless conclusion may be drawn on the basis of the included figures
that a distinet positive correlation exists between the size of insolation on the
Surface of the meadow and the appearance of individual development stages
of cassids there, which are almost never encountered in the zone of constant
shading where the direct solar radiation does not reach. This fact indicates that
the cassids are distinetly heliophilous insects and their development also depends
on insolation. It distinetly influences the course of return and maturation
of beetles in spring, stimulates the development of larvae, and contributes
to the phenomenon of wintering migration of young beetles.

The occurrence of various development stages of cassids within the patches
of their host plants considerably changes in consecutive months of investigations.
It may be observed that in April (fig. 12) and in May (fig. 13) the appearance
of imagines of C. rubiginosa MULL. and C. vibex L. is not uniform since as well
Small ag larger groups of specimens are observed, places with no beetles at all
being also noted. In June (fig. 14) in connection with the emergence of great
Dumbers of larvae, the appearance of specimens of four species is more uniform,
this being most distinet with €. viridis L., probably because its foodplant is not
much distributed. The most even occurrence of the development stages of cassids
I noted in July (fig. 15), August (fig. 16), and September (fig. 17). Figures
13—16 showed that almost throughout the whole season on the south side,
just at the line of permanent shade, patches of foodplants occurred on which
almogt no specimens of cassids were encountered. At these places (cf. fig. 4)
a compact spread of stinging nettle Urtica dioica L. occurs stifling the foodplants
of cassids and bringing about secondary shading of these patches.

B. Biotic factors

Biotic factors play an essential role in. modelling the size of insect populations.
According to GAEECKA (1953) they are a link in the chain of mutual dependences
While the physical factors are acting at random. The influence of meteorological
¢onditions is independent from the quantitative state of a population controlled
Since as well numerous as not numerous populations may suffer catastrophic
declines, being limited to similarly low numbers, while the action of limiting biotic
factors iy modulated by the size of the population. This dependence is brought
about by the phenomenon of attracting predators by their prays, which is the
More intense the greater is the density of the prays. The above-quoted author
ascribes a destructive role to physical factors as opposed to the controlling role
blayed by the biotic ones.

The biotic factors reducing the number of cassid populations are: parasites
(endopamsites, oophagous animals), predators, and microorganisms. Table X VI
Presents their qualitative composition (with exception of microorganisms)
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identified by various workers for the species of cassids investigated by the present
author as well as the species which were additionally observed. A complete
lack of data was found with regard to C. flaveola THUNBG. and very scarce
data were noted with regard to C. wibex L. The relatively greatest number
of informations was found on the parasites of eggs, larvae, and pupae of C. rubigi-
nosa MULL. and C. viridis L., as well as of C. nebulosa L. and C. nobilis L. With
regard to the parasites of the imago stage no data are found, with the exception
of C. nobilis 1.. The influence of predators on the population of cassids was
observed and investigated in a very limited degree with C. wiridis L. only.

The qualitative composition of the reducers of development stages determined
by the present author with regard to C. rubiginosa MULL., C. vibex L., C. viri-
dis 1., and C. flaveola THUNBG. is presented in Table XVII. Individual predators
and parasites and their influence on the number of cassid populations will
be separately reviewed with each development stage.

1. Enemies of eggs

The reducers of eggs of the investigated cassid species are (in the order
of their percentage share): parasitic hymenoptera of the superfamily Chalcidoidea
(STRESEMANN, 1964), mortality caused by the disturbances in the development,
predatory harvestmen (Opiliones), and mites (Acari) (Table XVII). The evalua-
tion of the influence of biotic factors on the degree of reduction of eggs was carried
out under field conditions in 1969—1971, and then in the laboratory, showing
that this degree was variable (Table XIII) and in separate years amounted
to 11-44—26-06 per cent with C. rubiginosa MULL., 10-92—40-38 per cent with
0. vibew L., 46-73—51:39 per cent with C. viridis L., and 33-74—49-24 per cent
with C. flaveola THUNBG. A comparison of the resultes of the investigations
carried out in three successive years showed that the egg batches of C. flaveola
Trunge. and C. viridis L. were most strongly reduced, while those of the two
other species were reduced in a much less degree (sometimes even half as much).
Bxtreme degrees of reduction of eggs are identical with those found with the
Colorado beetle and amounted to 11-20 per cent (according to KARG and TROJAN,
1968) and to 56-00 per cent (according to WEGOREK, 1950).

In the years of the investigation among the three above-mentioned biotic
factors of egg reduction the decisive role was played by parasitic hymenoptera.
In successive years the degree of the egg reduction effected by them (Table X VIII)
ranged from 8-26—23-32 per cent with C. rubiginosa MULL., 4-80—37-91 per cent
with C. vibex L., 41-58—49-34 per cent with C. viridis L., and 31-:33—34-48 per
cent with (. flaweola THUNBG. The table showed that the eggs of cassids were
reduced by hymenoptera in the strongest measure in 1970, and then in 1971.
It seems that it was in a great degree brought about by unfavourable climatic
conditions (low temperatures and rains) which prevailed in the spring period
in both years of investigations, while in spring 1969 the weather conditions



342

I
}_
1[_
+

+ 4+

I
|
|
|

|
l
l
+

|
.
o
|

!

i,_
-+
+

}q

+

+
I

"aQy A DpUUL DLNOA(

“DIAN

DIDaqhipYs VIMOLNT
oUPIYIDT, "
vaardrq

ds v))o4ouL T
DPLDWATT T

- +ds sedajousydg

ds swwyooshuoy

(zzvy)

WNLDPISSDI  SNYIUSDJDT;

ZILVY

WNIDPLSSDO UOPIYUTT

«ds smqowpa g
ovpwydopng * i
.Qm 13

SSIQE 182040 V][22S40

(4HLSTOT)

sodran)f ]]9.4218.420,]
avprdwwonaag,

vudydouswh Iy
oRAIR]
— +ds sruwownb
ovATe] — *ds SUULI T
QeATR]

— ds sruowns [T
ODPUINUD T
SOPOIDUWD AT

ogewry edng earery 585

oSewry vdng earery S35

ofeuwr] edng eareT 35§

ofewy wdnJg eAreT S3E

DINAHT,
102am]f DPISSV))

T SR DPISSDY

‘] 29Qlr VPISSY))

“TION
nsourbrqn.s vPIssSv))

SOYISeIR I

(SWOTJLATIOSqO UMO S I0TINE) 2DUIPISSD) o SoSeys juomdororep o1y Suryorvyje srojepard pur sojsereg

ITAX °I9%L




343

bk

[

|+ +

|

..i_

-|_

| ++

‘aNag

waabap vywubliyon g
anpuyubv.ygag, g

ds snouv.iy
IDPUDLY

(zsaAL)

snubw sopuoydhiymwg

‘ds wed avprwydhiuaT

(gEarm)

vypad vy dhiuviy

(-xouTI))

swwpnbuniyg vwydivey
ovprydivyy |

at)

WNIDINODWAG UOIPLLIYT;

(->ouEI))

WNIDA0 UWOUPLIIYT;
oDPIOIPLLY T, ]
DPLOUDLY

QRAIR] —— IDPLDYIUDY) *
vuoidoajon

ogewr

uAIR]

— T SUIPLQ SMIDULOLIY ]
avPLIUOIUIT "]

“EIHV( Smpoquiy) ¢

‘I snuadp s1qv AT

IDPYIONT

ovAamBl—ds ¢
T WRLOWDY SULOIOYJU T
-ds snw

IDPLIOIOYIUT *
‘T 40QNL $20000D.II(]
2DPLAIr
vo3d0.ia)a IT
S1018POIJ




344

||l+|

ds sysfiuy
opushuy g

«ds snevaypfiigy

ds smydarT
ovprovwyhag g

ds  wnPrQU0.30.0Y T
avpRPLqULoL], "

ds vnorQuoLT;
IDPUNQUOLT, "

(‘aaQ) syou

snspwvbid

*ZIIA

200y d0.00U  $NLY00)1990 T
PSP i
1D

ds wnabuvy g
ovpubuvyd A
s9u0191d O

(*3I0UAT))

DIDNOLD DYOLDAJT
ovprvs i

("a)

DDPIdSNoNY DUSUWNSLIT

HOOM T "D

sn19sfiq snovshx
avprsruoy f, "

ds ‘ueS owpisoofiT
2vp180ofiT * i

-0v.3ud)dos

oSewry edng earey S8

oSew] edng vaxeT 357

oSewy vdnJ evare] 537

oSewy vdng eare 33

"DINOHT,
D]02aDY DPISSV))

T SIPRILQY DPISSD))

T 09Qra DPISSVY)

"TIAN
nsoUIbUYNL DPISSD)

S0918RIe I




345

were good and consequently a low degree of egg reduction by hymenoptera
Wwas observed.

Six genera and species of parasitic hymenoptera were found in the eggs
of investi‘gated cassids (Table XVII) and among them only Foersterella flavipes
ForsTer is a species commeon with those quoted by other workers (Table XVI);
five others were indicated for the first time, among them Foersterella erdoesi
Béx. is a species new to fauna of Poland. Table XIX presents the percentage
share of individual genera and species of hymenoptera in the reduction of cassid
€ggs in the years 1968—1971. Foersterella flavipes FORSTER is a decisively domi-
Nating species in t 1 « g8s of 0. rubiginosa MULL. (84-20 per cent) and C. vibex L.
(7246 per cent), Foersterella erdoesi BEx. with €. wiridis 1. (47-98 per cent),
and Ferrierella sp. with C. flaveola THUNBG. (97-00 per cent). Hymenoptera
Foersterella flavipes FORSTER, I'. erdoesi BOk., and Entedon cassidarum RATZ.
Occur in the eggs of each of four species, Foersterella sp. with C. viridis L. only,
Pediobius sp. with C. rubiginosa MULL. and C. vibex L., and Ferrierella sp. with
ach of them (with the exception of C. rubiginosa MULL.).

Hymenoptera usually lay one egg to the cassid eggs, two specimens of
barasites in one egg of C. rubiginosa MULL. and C. viridis L., and even four
Specimens in one egg of C. flaveola THUNBG. being sporadically found. It was
Interesting to compare the length of cassid egg development (Table IV) with that
of parasitic hymenoptera (Table XX). The results of observations carried out
In 1969—1971 showed that the development of a parasite was always longer
than the period of embrional development of cassid eggs, this difference ranging
from 1 day in the eggs of C. flaveola THUNBG. to 13 days in those of (. vibex L.
These observations in a measure agree with the results of BiLewricz (1960)
Who claims that the development of a parasitic hymenoptera took almost twice
a8 long as the embrional development of a bug. It was also found that in 1970—
1971 the emergence of the first specimens of hatched hymenoptera occurred
In the last days of June, a maximum of hatching was observed in the first half of
July, in the second half a slight decrease was noted in the numbers, and about
the middle of August the last specimens of the parasite were already hatched.
In 1969 under the influence of strong drought in spring and summer (Bupzi-
SZEWSKA, PRZEDPEESKA, 1970) their emergence was noted as late as the end
of July and occurred only up to the middle of August.

As it was already mentioned another biotic factor which played a role in the
Teduction of eggs was mortality brought about by the disturbances in the
development (Table XVIII). Probably, these disturbances were effected by low
tﬁ‘amperatures, and rains in gpring 1970 and 1971 (figs. 9, 10). In 1970 mortality
of eggys ranged from 0-36 per cent with C. wiridis L. to 14-00 per cent with
C. flaveola THUNBG. In the next year these values were higher (with the exception
f 0. flaveola THUNBG.) under the influence of a cold and rainy month of June.
Accordling to MIKSIEWICZ (1957) also with the Colorado beetle a great number
of specimens dies in consequence of uneven development of eggs in the batches.

The third factor reducing the number of eggs of cassids are oophagous
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Table XX

Development of parasitic Hymenoptera in egg batches of Cassidinae within the study
area on the meadow in the Saspowska Valley in the Ojcéw National Park

Cassida rubiginosa ; : : S ; T
Species g8 (assida vibew L. | Cassidu viridis L. | 0assida flaveola

MULL. THUNBG.
Number of days
of the deve-
lopment
of parasites
X min. max. X min. max. X min. max. X min. max.

Date of
investigations

V—VIII. 1969 | 28-0 22 41 342 22 42 _ = — —_ —
V—VIII. 1970| 314 19 54 349 26 49 348 23 49 22-0 20 30
V—VIII. 1971 31-3 19 43 31-.2 20 43 34-1 26 39 190 — —

animals namely Microtrombidium sp. and Phalangium sp.(Table XVII). The
specimens of both genera were fairly often encountered on the leaves of foodplants
of cassids among egg batches and in a few cases destruction of eggs by them
was observed. The observations of MIxksIEwIcZ (1957) also showed that certain
species of genus Phalangium damaged the eggs of the Colorado beetle. It is
supposed that the activity of feeding of these oophagous animals increases at
favourable weather since it is indicated by percentage values of damaged eggs
of C. rubiginosa MULL. (2-82 per cent) and C. vibex L. (6-12 per cent) in 1969 and
C. rubiginosa MULL. (2-72 per cent) in 1971 as compared with relatively low
values with C. viridis L. (0-79 per cent) and C. flaveola THUNBG. (0-76 per cent)
in 1970 (Table XVIII).

2. Enemies of larvae and pupae

The most numerous group of reducers have the larvae of cassids while the
pupae are attacked in a less degree. The following systematic composition
of these reducers (Tabie X VII) was found: parasitic hymenoptera of the super-
family Chalcidoidea and nematodes of the family Mermithidae, predatory bugs
(Hemiptera ), beetles (Coleoptera), spiders (Arameida), and mites (Acart),
and moreover a quite separate group-microorganisms. The list elaborated by
other authors (Table XVI) differs from the above-mentioned one with the absence
of Coleoptera and Acari as predatory reducers of cassids.

The evaluation of the degree of the reduction of larval instars and of pupae
of cassids was carried out in 1969—1971 within the study area on the meadow.
It was found (Table XIII) that the strongest reduction basically occurred in the
first larval instar or sometimes in the stage of egg. The reduction was constantly



Table XXI

Evaluation of the degree of reduction of cassid larvae™ by the biotic factors under laboratory conditions (specimens collected outside the study area on the meadow in the Saspowska Valley of the Ojeéw National Park)

Species Cassida rubiginosa MULL.
Larvae Reducers
Date of | Obser- : iy
investi- ved INEE V| R T
gations | \umper | Number | Number | Number | Number
% % sl %
VI—IX. 147 55 10 3 - 33
1968 100-00 37-41 6-80 2-04 22-45
VI—IX. 181 7 3 30 20
1969 100-00 3-87 1-66 16-57 11-05
VI—IX. 264 58 44 9 60
1970 100-00 21-97 16-66 341 22-73
VI—IX. 168 12 1 11 32
1971 -100-00 7-14 0-60 6-55 19-05
Explanations: *
N — Nematodes
M —- microorganisms .
H — Hymenoplera
4. Kosior

Cassida vibex 1. | Cassida viridis L. Cassida flaveola THUNBG.

Imagi- | Larvae Reducers Imagi- | Larvae Reducers Imagi- | Larvae i Reducers Tmagi-
nes obser- nes obser- nes obser- nes
hatched | ved ! N M hatched ved N M e P T hatched ved Ng M e e hatched

J e T [Fos 1 i
Nutnber Number | Number | Number | Number | Number | Number | Number | Number | Number 1 Number | Number | Number | Number | Number | Number | Number | Number | Number
i L 7 g % o % % el % % % %
46 61 14 5 3 20 19 39 8 6 4 16 5
31-30 100-00 22-95 8-20 4-92 32-79 31-14 100-00 20-51 15-38 10-26 41-03 2-82 oE s B ik ot =
121 38 1 3 9 8 17 35 1 3 6 20 5 — — — — — =
’66'& 100-00 2:63 7-89 23-68 21:06 44-74 100-00 2-86 8-57 17-14 57-14 14-29
gf 108 10 12 3 40 43 114 5 12 4 84 9 15 i 8 1 4 1
’_ﬁ 100-00 9-26 11-11 2:78 37-04 39-81 100-00 4-39 10-53 3:51 73-68 7-89 100-00 | 6-67 53-33 6-67 26-66 6-67
lég 75 2 1 8 22 42 108 2 5 13 78 10 6 = 2 — 3 1
. 66 1060-00 2-67 1-33 10-67 29-33 56-60 100-00 1-85 4:63 12-04 72-22 9-26 100-00 — 33-33 = 50-00 16-67
' \

— evaluation of reduction of larvae and Pupae (which developed from them) was carried out together

P — predators (concerns the larvae damaged by them under field conditions)
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much higher with the larvae: C. rubiginosa MULL. (48:87—63-08 per cent)
and C. vibex L. (37-46—56-08 per cent) (with one exception); with €. flaveola
TuunBe. this arrangement changed in successive years, while with O. viridis L.
the reduction of eggs always exceeded that of the larvae. In consecutive larval
instars the percentage reduction constantly decreased, showing some increase
with C. viridis L. in the fifth larval instar. The investigations on the Colorado
beetle by KACZMAREK (1955) also showed that there was an extreme dominancei
of damages to eggs and larvae of the first instar in the general picture of reduction.
The degrees of reduction of separate development stages found by KArc and
TroJAN (1968) with the Colorado beetle showed the values very similar to those
obtained with ecassids.

In 1969—1971 the curve of the reduction of development stages of cassids
shows the shape of the capital L (fig. 18). This shape is a little changed by the
prevalence of the reduction of eggs over that of larvae especially with C. wiridis L.
KarG and TrRoJAN (1968) explain this course of the courve with the Colorado
beetle by irregular intensity of reduction in separate stages of the development
of this beetle. The complete reduction of development stages of cassids with
regard to the initial number of egg which remained healthy on the leaves of
foodplants, was very high and with the investigated species ranged from
98:00—99-50 per cent. The highest values of reduction were found with cassids
in 1970 (with the exception of C. vibex 1..) when the summer period was partieu-
larly unfavourable for the development of these insects (strong and frequent
rains, low temperatures). Very similar and high values of the reduction were
also found by KARG and TROJAN (1968): 93-00 per cent and by KACzZMAREK (1955)
96-40 per cent in their studies on the development of the Colorado beetle.
In the case of cassids this high degree of reduction was most likely brought
about by the fact that the meadow was not mown for a few years and owing to
a rich dense layer of vegetation favourable conditions prevailed for the develop-
ment of reducers of cassids. It was found that seasonal changes occurred in the
reduction of cassids since in the vegetation season the space structure of larvae
of these beetles changed from a concentrated to dispersed (accidental) one,
and owing to this fact connected with a considerable increase in the density of
larvae (cf. Tables IX—XI) their contacts with the reducers and consequently
the degree of reduction also increased. This phenomenon is also stressed by Wx-
GOREK and SzMIpT (1966) in their studies on the Colorado beetle.

Observations and laboratory cultures of development stages of cassids
carried out in the years 1969—1971 with specimens collected on the meadow
in the Sgspowska Valley (outside the study area) enabled the determination
of the percentage share of individual groups of reducers in the reduction of larvae
and pupae of these beetles (Table XXT). These relations are surely different
within the unmown study area but no other way of studying this problem
Wwas available. It was found that in the reduction of these development stages
the greatest role is played by parasitic hymenoptera. In the years of investigation
the degree of the reduction of larvae of C. rubiginosa MULL. ranged from 11-05—
7%
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22:73 per cent, of C. vibex L. from 21-66—37-04 per cent, of C. viridis L. from
41-03—73-68 per cent, and of (. flaveola THUNBG. from 26-66—50-00 per cent.
It was observed that out of the four species the larvae of C. viridis L. were most
strongly parasitized throughout the years of the investigations.

In the larvae and papue of cassids in laboratory cultures representatives
of four genera and species of hymenoptera were found (Table X VII). Among them
only two: Entedon cassidarum RATZ. and Tetrastichus cassidarum RATZ. were
also found by other workers (Table X'VI), while Achrysocharis sp. and Spheno-
lepis sp. were noted for the first time. The percentage share of these individual
genera and species of hymenoptera in the reduction of larvae and pupae is
presented in Table XIX. Tetrastichus cassidarum RATz. decisively dominates
with C. rubiginosa MULL. (94-93 per cent), Achrysocharis sp. with C. vibex L.
(81-82 per cent), Sphenolepis sp. with C. viridis L. (80-94 per cent), and Eniedon
cassidarum RATZ. with C. flaveola THUNBG. (100-00 per cent). Bntedon cassidarum
RATzZ. oceurs in the larvae and pupae of all species, Tetrastichus cassidarum RATZ.
with C. rubiginosa MULL. and C. viridis L., Achrysocharis sp. only with C. vibex L.,
and Sphenolepis sp. only with C. viridis L.

The above-mentioned parasitic hymenoptera deposit 1—23 eggs in the
bodies of the larvae of C. rubiginosa MULL., 3—65 eggs in these of (. vibex L.,
1-—28 eggs in C. viridis L., and 5—9 eggs in . flaveola TrHUNBG. The mean
number of 9-1, 18-6, 17-4, and 7-0 eggs respectively falls to one larva of cassids.
Therefore, the report of KLeiNE (1918) that in cne larva of (. nebulosa L.
on the average 4—b hymenoptera develop, seems strongly doubtful. The data
of the present author agree with the observations of KOSCTELSKA (1966) who
(for insects.in general) reports that parasitic hymenoptera lay one to some
scores of eggs in the bodies of host animals.

In the course of 4-year investigations it was found that hymenoptera hatched
and left the bodies of larvae and pupae of cassids 3—5b weeks after the moment
of egg laying. The behaviour of parasitic larvae of cassids in the period before
the hatching of hymenoptera is worth noting. Their motion and feeding activity
gradually declines, they strongly stick with the ventral side to the surface
of leaves, become motionless, and their bodies grow brown (pl. XXXII, A). Similar
symptoms were also found by BILEWICZ-PAWINSKA (1969) in the larvae of bugs
oceurring on rye. The emergence of first hymenoptera is usually observed in the
second half of July and the maximum appearance in August; about the middle
of September last specimens of the parasite are noted. The present results are
essentially consistent with the observations of KLEINE (1918) on the phenology
of the emergence of parasitic hymenoptera from the larvae of C. rubiginosa
MULL. and O. nebulosa L. and with those of BILEWICzZ-PAWINSKA (1969) on
hymenoptera from the larvae of bugs cccurring on rye.

- It should be also stressed that a part of hymencptera hatches in summer
(they have two generations in a year) and only a part as late as in spring of the
next year (after an almost 10-month diapause, only one generation). The spring
cmergence, contrary to that in summer, had the character of mass appearance.
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Fig. 18. Reduction of the development stages of Cassids in the study area on the meadow in
the Saspowska Valley of the Ojcéw National Park: A —in the vegetation season of the year
1969, B — in the vegetation season of the year 1970, C — in the vegetation season of the year
1971, 1 — Cassida rubiginosa MULL., 2 — O. vibex L., 3 — C. viridis L., 4 — C. flaveola THUNBG.

A. Kosior
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Bewicz-PAWIKSKA (1969) obtained a similar result in the study on Lygus
rugulipennis Porp. Moreover, she found that on the average 30 per cent or even
more bugs of this species oceurring on a rye field, dies parasitized by hymenoptera
of the genus Leiophron NEES. This result is highly consistent with the results
of the present author, obtained in his study on the degree of parasitization
of larvae and pupae of cassids (Table XXI). 2

Parasitic nematodes of the family Mermithidae play an important role in the
reduction of development stages of cassids. In the period of investigations the
degree of reduction of larvae and pupae brought about by these nematodes
(Table XXI) ranged from 3-87—37-41 per cent with C. rubiginose MULL.,
2:63—22-95 per cent with O. vibex L., 1-85—20-51 per cent with C. viridis L.
and in 1970 6-67 per cent with C. flaveola THUNBG. The table shows that the
development stages of C. rubiginosa MULL. were attacked most seriously.
With regard to the parasitic nematodes of cassids a short reference was only
found in the work of KAUFMANN (1933), who cbserved their presence in the
development stages of 0. nobilis L. (Table XVI) Moreover, it should be mentioned
that Mermithidae are also frequent parasites of other beetles: eg. of Longitarsus
LATR. (WARCHALOWSKI, 1959), Colorado beetle (WEGOREK, 1959, SANDNER,
STANUSZEK, 1970, KOovAL, 1969), and of Gaurotes virginea L. (STARZYK, 1970).

A comparision of the results of the present author with the data of some
workers on the Colorado beetle indicates that according to WEGOREK (1959)
mortality of the larvae of this beetles amounts to as many as 70 per cent, while
SANDNER and STANUSZEK (1970) report that the mean value of reduction is
30-6 per cent, in some regions amounting to 50 per cent (Krak6éw province).
On the other hand CHARGENKO (1968) found that the degree of the infection
of some insects is usually about 40 per cent. This comparison shows that the
results of the author (Table XXI) are to some extent consistent with the data
of SANDNER, STANUSZEK, and CHARCENKO.

Laboratory cultures showed that the larvae and pupae of cassids are parasi-
tized by three genera of nematodes: Hexamermis STEIN., Mermis Duy., Agamo-
mermis STIL. (Table XVII). Their percentage share in the reduction of cassids
is presented in Table XXII. It was found that Hexzamermis sp. (pl. XXXII, B, C)
dominates with C. rubiginosa MULL., C. vibex L., and C. viridis L., while Agamo-
mermis sp. with C. flaveola TuUNBG. The observations of WERGOREK (1959),
CHARGENKO (1968), and Kovar (1969) also support the fact of the dominance
of Hexamermis sp. over other nematodes. In one larva of C. rubiginosa MULL.
1-7 nematodes are found on the average, with C. vibex L. 1-6, with O. viridis L. 3-4,
and with C. flaveola THUNBG. 4-0 nematodes. The total number of nematodes
per 1 larva ranges from 1 to 9. It was observed that body length of parasites
depended on their number in the body of larvae of host insects. It is supported
by the observations of KovAL (1968) who also found this dependence: if 1—4 ne-
matodes developed in a larva their body length was 70—90 mm, while if 1 nema-
tode was found, its body length was 170—200 mm.

The life cycle of nematodes is synchronized with the development of host
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Table XXII

Percentage share of individual genera of parasitic Nemafodes in the reduction of larvae
and pupae and of imagines of Cassidinae, collected within the study area and outside
it on the meadow in the Saspowska Valley of the Ojcow National Park in the years

1968—1971
Development% Larvae and Pupae Imagines
stages :
= 5 :
Specm Of Cassida Coswida Cassida | Cassida | Cassida Casnile Cassida | Cassida
"a“s‘d rubigino- vibew L. | viridis | flaveola |rubigino- e L viridis | flaveola
Parasite \_|sa MULL. ; L. THUNBG. sa MULL. ! L. |TuUNBG.
Hexamermis l ‘
8p. | 96:00 | 100-00 | 10000 o 14-29 = — —
Mermis sp. ' 2-00 — 85-71 — . =
Agamomer- I ‘ ‘
mis sp. ‘ 2:00 | 100-00 — — == e

animals and as it is fairly interesting, it should be shortly discussed. The develop-
ment cyecle of Hexamermis sp. and Mermis sp. to a certain degree differ from
each other and their course was very particularly described by CHARCENKO (1968).
The life-cycle of Hexamermis sp. takes 1 year and shows 5 stages: embrional,
pre-parasitic (invading), parasitic, post-parasitic larval, and the stage of sexual
maturity. Larvae hatch (for the most part in May and June) from eggs deposited
by females in the soil, get on the leaves of foodplants, and attack host insects.
The bedy length of larvae is usvally 1—2 mm. They usually pierce the integument
of the bedy cf host larvae on the line of contact of segments since the cuticula
i§ thin there. Host animals are usually attacked by nematodes in younger larval
instars though the attack may also happen with older larvae. Field observations
and laboratory cultures showed that the attack on cassid larvae took chiefly
place in the second and third in's;’tar, while in the fourth and fifth cnes it was very
rare. The invasion may also cccur through the mouth or anvs. Nematodes
get through to the haemocoele and feed endcosmctically with fat substances
of the host. As the parasites grow they completely fill the haemocoele of the
larvae whose body weigth considerably decreases. Owing to increasing body
length the nematodes curl up in balls or coils and so they remain up to the
moment of leaving the body of host animals.

The development of parasitic larvae cof eelworms in the bodies of cassid
larvae occurred in about cne month or sometimes longer and principally was
as long as the development of the latter (cf. Table IV). The emergence of nemato-
«des in wet years (1968, 1970) was noted from the beginning of July, a maximum
being observed in the first decade of August, and a decline at the end of this
month. In dry years (1969, 1971) the appearance of first eelworms was observed
as late as at the beginning of August, maximum numbers in the second half of
this month, the last specimens of the parasite being observed at the first days
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of September. A distinct agreement occurs between the results of the author
and those obtained by CHARCENEKO (1968) and KovAL (1969) who found that
a mass appearance of post-parasitic nematode larvae was observed in July
and August. The nematodes usually leave the body of host animals during
rain or at morning dew. They get out piercing the integument of the host or
through mouth or anus. Almost 100 per cent of cassid larvae die in the course
of the emergence of nematodes; the majority of them die because of nutritive
crisis and the remaining ones in consequence of secondary microbiological
infection of wounds. The nematodes go down to the soil, moult, and develop
into sexually mature specimens.

Mermis sp. shows a characteristic way of egg-laying. In the periods of
increased air humidity females get out of the soil on plants and lay eggs under
the influence of light incitement. Unlike other Mermithidae the eggs of Mermis sp.
have egg sheds with ramifying processes which stretch out and stick to leaf
surface. They are the go-called invading eggs, containing larvae which attack
host animals. The latter eat eggs with food and when the shed is digested in
their intestines the larva gets out and pierces through to haemocoele. Its further
development is identical with that of Hexamermis sp. It is supposed that the
development of Agamomermis sp. is similar to that of both eelworms mentioned
above.

The group of predators includes a very great number of species and conside-
rably eontributes to the reduction of larvae of the investigated species of cassids.
In the period of investigation the degree of reduction (Table XXI) amounted
to 2:04—16-57 per cent with C. rubiginosa MULL., 2-78—23-68 per cent with
C. vibex L., 3-51—17-14 per cent with C. viridis L., and 6-67 per cent with
C. flaveola THUNBG. In the opinion of the present author these results are strongly
lowered since the larvae collected on the meadow with the aim of the evaluation
of their reduction by biotic factors (under laboratory conditions) were chiefly in
the third, fourth, and fifth instar, therefore, in the period when they were not
so violently attacked by predators as they were in the first and second instar.
Moreover, a great number of larvae killed by predators fell down from foodplants
to the ground and therefore were not collected.

Among the predators the bugs bring about the greatest reduction of cassid
larvae. They damage the larvae by sucking out the content of their bodies
and throwing away empty integuments. The occurrence of 7 genera and species
of bugs was noted within the study area, they all contributing to the reduction
in the number of cassid larvae (Table XVII). Particular activity of feeding was
observed with Anthocoris nemorum L., Nabis apterus F., Nabis limbatus DAHLB.,
and Picromerus bidens L. (pl. XXXIT, B). The last species, unlike the first ones,
mainly attacks the larvae from the third to fifth instar.

Picromerus bidens L. deserves special attention. At the end of June 1967
the meadow was invaded by the larvae of this species which to a very great
degree influenced the number of cassid larvae in July. Beginning from the end
of July the emergence of imagines of bugs was observed and in August they
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strongly reduced the larvae of the investigated species. It was distinetly visible
by an unusual course of the curve of numbers of larvae, especially of €. rubiginosa
ML (fig. 6). In summer the number of bugs ranged from 200 specimens at the
beginning of summer to about 50 at the end of August. Thus additional observa-
tions were carried out on the meadow and in the laboratory with the aim of the
determination of the average number of cassid larvae daily killed by a nymph
and imago of Picromerus bidens L. The observations showed that under labora-
tory conditions one nymph sucked out on the average 2-5 larvae in 24 hours
and on the meadow only 1-2 larvae on the average. Similarly, the imago of this
bug sucks out as many as 3 larvae in the laboratory and 1-3 larvae under field
conditions. The total number of larvae sucked out by a nymph was 1 to 4 speci-
mens in 24 hrs. and by an imago 1 to 6 specimens. Very similarr esult was
obtained by SCHUMACHER (1910) who found that 1 bug sucks out on the average
1 caterpillar of Symphyta in 24 hrs. He calculated that 20 specimens of bugs may
consume as many as 180 caterpillars in 3 months. Therefore, it is clear that the
considerable number of bugs of Picromerus bidens L. brought about an enormous
reduction of cassid larvae on the meadow in Ojcéw in 1967.

In the period of investigation it was found that from the number of net
spiders 8 genera and species reduced the cassid larvae while from the wandering
spiders only 4 genera and species (Table XXXVII). The share of the former
group in the reduction of larvae is by far greater, such species as Theridion
ovatum CLERCK., Th. bimaculatum L., and Linyphia triangularis CLERCK. being
particularly important. Out of the latter group the greatest share in the reduction
of larvae had Evarcha arcuata CLERCK. The spiders of the first group attacked
the larvae in the second, third, and fourth instar, while those of the second
group chiefly the fifth instar. After being sucked out the prey of net spiders
remained in the net while the wandering spiders threw it away.

Unlike bugs and spiders predatory larvae of beetles of the family Cantharidae
as well as mites (Acari) (Table XVII) do not suck out their pray but eat it.
They chiefly attack the larvae of cassids in the first and second instar, and only
exceptionally in the third and fourth instar. Out of seven genera and species
of predatory mites Poecilochirus necrophori Virz., Pergamasus septentrionalis
Oup., Microtrombidium sp., and Anystis sp. deserve particular attention.
The report of KAczZzMAREK (1969) should be mentioned in discussing the share
of predatory beetles in the reduction of cassids: this worker claims that ladybirds
also among others feed on the larvae of these beetles. But this fact was not
supported by field cbservations carried out by the present author.

Microorganisms form a quite separate group of reducers of the larvae and
bupae of cassids. Their percentage share in the reduction of development stages
depend to a great degree on weather conditions in successive years of investiga-
tions. Often rains and fairly low temperatures unfavourably influence the
development of larvae and pupae bringing about its lengthening. Owing to such |
unfavourable situation the larvae and pupae become less resistant to infection
by microorganisms and consequently to fungi. The degree of their reduction
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brought about by microorganisms (Table XXI)amounted to 0-60—16-66 per cent
with C. rubiginosa MULL., 1-33—11-11 per cent with C. vibex L., 4-63—15-38 per
cent with C. wviridis L., and 33-33—53:33 per cent with C. flaveola THUNBG.
The last values are very high since a very small numbers of larvae of this species
were observed (it was extremely difficult to find them under field conditions).

The evaluation cf the degree of reduction in the larvae and pupae of cassids.
by biotic factors, carried out under laboratory conditions in the years 1968—1971
showed a distinct dependence between the value of the percentage share of
separate factors of this reduction (Table XXI) and the weather conditions.
of a given year (figs. 7—10). It was found that in years with a considerable
number of rains and frequent decreases in the temperature (1968 and 1970)
the percentage share of parasitic nematodes, hymenoptera (with the exception
of C. viridis L. in 1968 and C. flaveola THUNBG. in 1970), and microorganisms
were much higher than those found in years with dry weather (1969 and 1971),
while in case of the percentage share of predators a reverse situation was noted..

Moreover, it was found that nematedes and hymenoptera attacked most
strongly the fifth instar and pre-pupae, microorganisms pre-pupae and pupae,
and the predators the cassid larvae of the first and second instar.

3. Enemies of imagines

It was found in the period of investigation (1966—1971) carried out within
the study area on the meadow that the imagines of cassids are reduced by the
following biotic factors: parasitic diptera of the family Tachinidae, nematodes
of the family Mermithidae (Table XVII), and, after the return on the meadow,
by natural mortality in consequence of emaciation connected with wintering.

The parasite Dufouria chalybeata ME1G. (Diptera) (pl. XXXII, B) plays the
greatest role in modulating the number of the population of imagines C. rubigi-
nosa MULL. Table XXIII presents the degree of the reduction of beetles brought
about by this parasite in 1967—1970. It was found that this reduction was
relatively high ranging from 62:57—85-00 per cent. The development of the
larvae of this parasite is exceptionally interesting. It deposits eggs into the body
of the larvae of C. rubiginosa MULL. in their fourth or fifth instar. Afterwards
the development stages of the fly pass through the pupae of the heetles to the
imagines and leave them as adult larvae in spring. In the period of that final
development the larvae devour almost all internal organs of beetles. Laboratory
observations showed that a mass emergence of diptera larvae from empty
abdomens of imagines occurs every year regularly in the first half of May.
It is also supported by the fact that in the period of 6-year investigations a strong
and rapid decrease in the number of adult beetles was always noted in the first
half of May (cf. figs. 5—10). The emergence of larvae in the period of increased air
humidity (after rain, with morning dew). The emergence from the abdomens
of beetles takes several to some scores of seconds, then the larvae pass on the
under surface of leaves where they pupate within 1—3 hrs. After 2—3 weeks
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Table XXIII

Natural mortality and reduction of adult imagines? of Cassida rubiginosa MULL. by parasitic

larvae of Dufouria chalybeatas MEiG. and of Cassida flaveola THUNBG. by those of Dufouria

nitida voN RoD. (Diptera) in the spring period within the study area on the meadow in the
Saspowska Valley of the Ojecow National Park

Species Cassida rubiginosa MULL. Cassida flaveola THUNBG.

\ Specimens Natur?\l Parasitized Healthy | Parasitized| Healthy
mortality

Period of\\\.\ g
investigations ™ Number % | Number % |Number % |Number % |Number 9%

e

26. IV—19. V. 1967 4 4-00 85 85-00 Tl - 00— — | — —
95 W0V 1968 18 18-00 67 67-00 15 15-00f — — | — —
6—20. V. 1969 139  22-60 445 172-36 31 504 — — o —
5—26. V. 1970 E 727 23-56] 1931 62-57 | 428 13-87] 4 20:00; 16 80-00

Explanations: ! — young specimens which have wintered

imagines of diptera hatch from cocoons. Parasitized beetles die immediately
after the emergence of larvae or atter a few hours (pl. XX XTI, B). The sex ratio in
these beetles is 1:1. ‘

In 1970 also the presence of the parasite Dufouria nitida v. ROD. (Diplera)
was found in four specimens of beetles of C. flaveola THUNBG. (Table XXIII).
Because of the small number of all beetles collected, the degree of the reduction
amounted to as many as 20-00 per cent. The course of development of this
parasite is identical with that discussed above. The presence og this parasite
was found by KAurMANN (1933) and JoLIvET (1946) in the development stages
of C. nobilis L. (Table XVI).

In the period of investigations only several instances of the emergences
of parasitic nematodes from the imagines of C. rubiginosa MULL. were noted.
Three nematodes hatched frem two adult imagines in spring, this showing the
possibility of invading beetles dvring wintering. This is unquestionably supported
by the results of investigations of KovAL (1969) on the Colorado beetle and
of WaRrRcHALOWSKI (1959) on Longitarsus LATR. Moreover, two mnematodes
hatched from two young imagines in summer, thus the invasion of cassid larvae
by the larvae of the parasite surely occurred very late, this being also found
by CHARCENEKO (1968) in his study on the parasites of insects.

The percentage share of parasitic nematodes in the reduction of imagines
of C. rubiginosa MULL. is presented in Table XXII. It was found that contrary
to larvae and pupae Mermis sp. (85-71 per cent) dominates in imagines, the
share of Hewamermis sp. amounting to about 15-00 per cent only.

Table XXIII presents natural mortality of imagines of C. rubiginosa MULL.
brought about by the emaciation after the too long period of diapause in the
years 1967—1970, registered after the return of beetles from wintering. In the
period of investigations this mortality amounted to 4:00—23:56 per cent.
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The highest one (23-56 per cent) occurred in spring 1970 and was probably
effected by the too long winter period and unfavourable weather conditions
prevailing on the meadow in the month of May (cf. fig. 9). On account of the high
rate of mortality of the imagines of C. rubiginosa MULL. brought about the
invasion of diptera, connected with natural mortality due to the emaciation,
the degree of survival of adult imagines was very low ranging from 5-00 to 15-00
per cent in the years 1967—1970 (Table XXIII).

VII. BIOENERGETICS OF DEVELOPMENT STAGES OI' (. RUBIGINOSA MurLL.
AND C. VIBEX L.

1. Consumption, exereting facces, and assimilation

On the basis of investigations carried out on the development of larvae
and young imagines cf C. rubiginosa MULL. and C. vibex L. under laboratory
conditions, the amount of consumed focd and excreted faeces as well as the
increase in their body weight were evaluated.

It was found (Tab'e XXIV) that in the whole period of development a larva
of C. rubiginosa MULL. consumes 110-1 mg of leaf biomass, i.e. 13-0 mg of dry
matter, this corresponding to 58-9 cal while a larva of (. vibex L. consames
103-2 mg of biomass, 12-2 mg of dry matter, and 55-2 cal. Thus the size of
consumption is very similar with both species. Similar nutritive cultures carried
out by KLEINE (1915, 1920) with the larvae of C. nebulosa L. showed that the
value of total consumption, necessary for their development, was 95-5—136-2
mg of leaf biomass, a result consistent with that of the present author.

The share of individual larval instars in the total food consumption is:
C. rubiginosa MULL. T — 1-38 per cent, II — 3-12 per cent, III — 7-58 per cent,
IV — 22:46 per cent, V — 65:40 per cent; C. vibex L. I — 1-68 per cent,
1T — 3-06 per cent, IIT — 8-63 per cent, IV — 20-79 per cent, V — 65-84 per cent.
The above data indicate that the rate of food consumption doubles in the succes-
sive instars. A maximum degree ef consumption and of time of the development
was observed in the last larval instar, this being also stressed by RAMMNER (1934)
in his study on C. murraea L. and by CHEODNY (1967) on the Colorado beetle.
It should be mentioned here that the rate of food consumption is inhibited
In the periods of moulting. With an adult larva a strong inhibition and at last
a lack of consumption occurs before the pupation. With young imagines of
C. rubiginosa MULL. during the first 45 days of their life the consumption amounts
to 305-6 mg of leaf biomass, this corresponding to 35:3 mg of dry mass and
157.9 cal, with C. vibex L. these values being 292-3 mg, 33-7 mg, and 151-0 cal
Tespectively.

Since it was not possible to determine the fresh matter of excreted faeces,
these values were calculated in dry matter and in calories (Table XXIV). In the
Course of its development a C. rubiginosa MULL. larva excretes 236 cal in the form
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Table XXIV |

Consumption and utilization of food by the larval instars and young imagines (from hatch
to the 45th day of life) of cassids

Cassida rubiginosa MULL.

Consumption Excrements Asgsimilation

Instar mg biomass/ mg dry cal/speci- 182 fhy cal/speci- | cal/speci-

specimen mat‘ter/ e men mat.tel /spe- men men
cimen cimen
1451 1-52 0-20 - 0-80 0-09 0-36 0-44
L2 3-43 0-41 1-84 0-14 0-63 1-21
L3 8-35 0-98 4-47 0-39 1-57 2-90
L4 24-72 2:91 13-24 1-04 4-30 8:94
L5 72-06 8-48 3858 3-35 1672 21-86
Total 110-08 12-98 58-93 5-01 23-58 35-35
YT after 45 305-64 35-26 157-93 11-37 32-97 124-96
Cassida vibex L.
|

L1 1-73 0-23 0-91 0-09 0-32 | 0-59
L2 316 0-37 1-69 0-15 0-51 1-18
L3 8-90 1-05 4-76 0-38 1-86 2-90
L4 21-45 2:53 11-49 1-14 4-24 7-25
L5 67-92 8-:00 36-36 3-97 14-81 21-55
Total 103-16 12-18 5521 573 2174 33-47
Y1 after 45 292-34 33:73 151-05 10-04 29-43 121:62

Explanations: L1—IL5 — successive larval instars
YI — young imagines

of excrements and C. vibex L. 21-7 cal. The data in Table XXIV indicate thab
the amount of excrements increases and almest doubles with the age of larvae.
The percentage share of larval instars in the total excretion was: C. rubiginosa
Mo1L. I — 1-53 per cent, IT — 2-67 per cent, I1I — 6-66 per cent, IV — 18-24 per
cent, V. — 70-90 per cent; C. vibex L. I — 1-47 per cent, IT — 2:34 per cenf,
11T — 856 per cent, IV — 19-50 per cent, V — 68-13 per cent. Young imagines
of (. rubiginosa MULL. excreted about 33-0 cal in the period of 45 days, and
those od C. vibex L. 29-4 cal.

The food assimilation (A) was calculated using the following formula:

A=C —FU
where: A — agsimilated energy in cal,
C — value of consumed food in cal,

FU — value of excrements in cal.
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The total agsimilation necessary for the complete larval development of C. rubigi-
nosa MULL. was 35-4 cal and of C.vibex 1.. 33-5 cal (Table XXIV). The assimilation
value increases with an increase in larval biomass, the percentage share of
individual instars being: C. rubiginosa MULL. I — 1-24 per cent, IT — 3:42 per
cent, ITT — 8-20 per cent, IV — 25-29 per cent, V — 61-85 per cent; C. vibex L.
I —1-76 per cent, IT — 3-52 per cent, ITT — 8:66 per cent, IV — 21-66 per cent,
and V — 64-39 per cent. Great values of the assimilation of energy amounting
to almost 125-9 cal, with young imagines of C. rubiginosa MULL. and to 121-6 cal
with (. vibex L. are remarkable. They are four times greater than the values
of eX(;;ret(\d ffxeces.

2. Production of the body

- Ingreases in body weight of larvae and young imagines of C. rubiginosa MULL.
and C. vibex L. were determined not only in units of hiomass but also in dry mass
and in calories. It was found (fig. 19) that the content of water in the development

o/

o
Y | I Sl
el ' } g pocz- !
: e vy | N|warki|| imagines
®reggs larvae “ ;&J"pupae i
§§|nle”v o[l A
S e
B e |
i = |
- ol & |
L R o |
VL e i
o |
Ll I

10 20 30 40 50 60 70 80 90 dni days

1 e )

Fig. 19. Content of water (A) and of dry mass (B) in the development stages of the Cassids.
! — Cassida rubiginosa MULL., 2 — (. vibex L.

Stages of C. rubiginosa MULL. and O. wibex L. was very similar. It amounted
0 63-58 per cent in eggs of cassids, increased to 81-00 per cent with newly hatched
I&rvae, and decreased to 76-50 per cent in the second instar, and then in the next
Ingtarg (including the pupa) was within 76-00—80-50 per cent. The highest water
Content (82:00—83-00 per cent) was noted in newly hatched imagines of cassids.
Similar values were also found by WreoREK (1959) in young imagines of the
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Colorado beetle. Throughout 45 days of life of young imagines of C. rubiginosa
Mt1r. and C. vibex L. the water content considerably decreased and after this
period was 55:59 per cent and 57-57 per cent respectively.

The calorific value of one specimen of C. rubiginosa MULL. and C. vibex L.
in the course of their development was presented in figure 20. As it shows minimal
differences were noted with both species up to the IV larval instar. This value
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Fig. 20. Calorific value of one specimen of Cassids during its development. 1 — Oassida rubigi-
nosa MU1LL., 2 — O. vibex L.

was 0-5 cal in eggs, decreased in freshly hatched larvae to 0-1—0-2 cal, then
gradually increased, and in the pre-pupae stage was 18-4—19-1 cal. Afterwards
a distinet decrease in the calorific value of the pupa and a further one in newly
hatched imagines (10-3—12-5 cal/were observed. Throughout the 43 days of
life of young imagines their calorific value rapidly increased and amounted
to 62-3 cal with C. rubiginosa MULL. and to 53-3 cal with C. vibex L. The courseé
of changes in the calorific value throughout the development of one specimen
of Tribolium castanewm HBST., presented by KLEKOWSKI, PRUS, and ZYROMSKA-
RuUDzxA (1967), is in a measure similar to that in cassids, a distinet difference
occurring as late as in young imagines.
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Table XXV

Values of body production of the larval instars and young imagines (from hatch to the

45th day of life) of cassids

Species Cassida rubiginosa MULL. Cassida vibex L.
mg biomass/| M8 gy cal/speci- | mg biomass)| ™8 LY cal/speci-
Instar siecimen / mat.ter/ Ehe: I/H(I.:l‘l s%)ecimen / Ina.t.ter/ i r/n(I:n
cimen cimen
L1 0-28 0-08 0-40 ) 0-33 0-10 0-52
L2 0-68 0-19 0-82 0-61 0-14 0-64
L3 1-50 0-32 1-:52 1:57 0-36 1-75
L4 3-92 0-86 4-84 3-54 0-81 4-13
L5 11-45 2-85 12-:90 12-38 2-81 12-60
Total 17-83 4-30 2048 | 1843 4-22 19-64
* 5-68 6-57 52:02 * 4-17 6-07 40-72
Y1 after 45 ZA 8:27 ZA 7-50

Explanations: L1-—-L5 — successive larval instars
YI — young imagines :
* — body "production calculated from the difference hetween the
final and initial value of the biomass
2ZA — body production calculated from the sum of all increases in
biomass within 45 days of investigations.

In a newly hatched larva of C. rubiginosa MULL. mean biomass amounted
to0 0-2 mg and with C. vibex L. to 0-3 mg, while in the last larval instar to 18-0 mg
and 18-7 mg respectively. The initial period of the pre-pupa stage was regarded
a8 a maximum in the development of a larva. The production of biomass (P) was
calculated by substracting the initial value of newly hatched larvae (Po) from
the initial value of pre-pupa biomass (Pm), this being expressed in the formula:

P:Pm -'Po

The biomass of moults (from successive instars) was added to the calculated
Production value of separate instars and thus the final production of biomass was
oObtained. It was found (Table XXV) that the larva of C. rubiginosa MULL.
broduced 17-8 mg of body biomass in the course of its development, this being
4:3 mg of dry matter and corresponding to 20-5 cal; for a larva of 0. vibez 1. the
Tespective values were — 18-4 mg, 4-2 mg, and 19-6 cal. The following percentage
distribution of the total biomass production in successive instars was recorded:
C. rubiginosa MULL. T — 1-57 per cent, IT — 3-81 per cent, IIT — 8-41 per cent,
IV — 21-99 per cent, V. — 64-22 per cent; C. vibex L. I — 1-79 per cent,
T — 331 per cent, ITI — 8-52 per cent, IV — 19-21 per cent, V — 67-17 per cent.
The results obtained for the larvae of hoth species are very similar, the greatest
difference not even exceeding 3-00 per cent. The above data also indicate that
the increase in body biomass in separate instars distinctly increases with the
age of larvae. /
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The results obtained in the study on the production of body biomass in young
imagines of cassids are fairly striking and need an explanation (Table XXV).
The production of biomass calculated according to the above-quoted formula
is 5:7 mg with the beetles of C. rubiginosa MULL. and 4-2 mg with C. vibex L.;
while its value obtained from the sum of all increases in biomass in the period
of 45 days is 8:3 mg and 7-5 mg respectively. As compared with these results
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Tig. 21. Consumption (A) and increase in body weight (B) in the development stages of the
Cassids. 1 — Cassida rubiginoss MULL., 2 — C. vibex L.
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(in miligranms of biomass) the value of body production in miligrams of dry matter
is very high in both species. It was observed (cf. fig. 19) that the content of dry
matter in the bodies of young imagines increases by 26-00 per cent with C. rubi-
gimosa MULL. and 27-00 per cent with O. vibex L. throughout 45 days of their life.
In consequence, the content of water decreases from. 82:64 to 56-30 per cent
and from 83-00 to 55-98 per cent respectively. The changes in the value of body
biomass of young imagines, observed in the successive days of their life are
probably connected with smaller or greater consumption of strongly hydrated
food (fresh young leaves of Cirsium oleracewm (L.) Scop. being always fed)
in which the water content was always 87-00—88:50 per cent. The value of body
production measured with energy units was 52-0 cal with the imagines of C. rubi-
ginosa MULL. and only 40-7 cal with C. vibex L. Contrary to larvae a fairly great
difference was found in the value of body preduction of imagines.

A comparison of the curve of food consumption with the curve of increase
in bedy weight in the development stages of both cassid species is fairly intere-
sting (fig. 21). A distinet positive correlation was found in the course of the curves
especially throughott the whole larval stage. It may be observed that an increase
in food consumption results in an increase in body weight, their maxima occurring
for the body weight at the beginning of the pre-pupal stage and for the con-
sumption a little earlier. In rest perieds (pre-pupa, pupa) when the value of food
consumption is 0 a distinct decrease in body weight of specimens was also noted.
From the moment of hatch ¢f young imagines a very great increase in the food
consumption may be observed though it is not connected with an increase in body
biomass, which only increases by a few miligrams after 45 days of life of the
beetles (cf. Table XX V). It should be also stressed that as it was already mentioned
the values of the food consumption and of the increase in body weight are very
similar in the development stages of both species. Also a complete development
of the investigated species at the constant temperature of 20°C+-2-0 observed
from the moment of the hatch of larvae to the emergence of young imagines
is almost identical and amounts to 39 days with C. rubiginosa MULL. and to
40 days with 0. vibex L. According to GROMADZKA (1968) at the temperature
of 20°C for the Colorado beetle this pericd was 34 days from the hatch of larvae
to the emergence of imagines, this being fairly consistent with the data of the
present author.

3. Energy budget of the development of cassids

The parameters of the energy budget of larvae and young imagines of
C. rubiginosa MULL. and C. vibex L. were calculated on the basis of results of
laboratory investigations, and the study of the budget was carried out on the
formula (CHLODNY, GROMADZKA, TROJAN, 1967):

C=P+R+FU

8 — Acta Zoologica Cracoviensia XX/9
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where: C  — food consumption,
P — body production,
R — respiration,

FU — excrements.

The respiration (R) was calculated from the differences between the agsimila-
tion (A) and production (P). The values of parameters of the energy budget
expressed in cal/specimen are presented in Table XXVI. It was found with both

Table XXVI

Energy budget of the larval instars and young imagines (from hatch to the 45th
day of life) of cassids, calculated from nutritive experiments (cal/specimen)

Cassida rubiginosa MULL.

Instar C 12 R FU A
L1 0-80 0-40 0-04 0-36 0-44
L2 1-84 0-82 0-39 0-63 1-21
L3 4-47 1-52 1-38 1-57 2-90
L4 13-24 4-84 4-10 4-30 8:94
L5 38:58 12-90 8-96 16-72 21-86
Total 58-93 20-48 14-87 23:58 35-35
Y1 after 45 157-93 52-02 72-94 32:97 124-96

Cassida vibex L.

L1 091 | 052 0-07 0-32 0-59

L2 1-69 0-64 0-54 0-51 118

L3 476 175 115 1-86 2:90

L4 11-49 413 3-12 4-24 7-25

L5 3636 1260 8:95 1481 21-55
Total 55-21 19-64 m R R 33-47
YIafter4s | 151-05 40-72 8090 29-43 121-62

Explanations: L1—L5 — successive larval instars
YI — young imagines
C —food consumption
P —body production
R — respiration
A — assimilation
FU — excrements

species that all elements of the equation showed the lowest values in the first-
larval instar and the highest ones in the last instar, this supporting the opinion:
that they were connected with the growth of the organism. The values of the
respiration are extremely low in the first larval instar and amount to 0-04 cal [spe-
cimen with C. rubiginosa MULL. and to 0-07 cal/specimen with C. vibex L.,
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indicating remarkably intense increase in their body weight. It should be also
stressed that with both species production (P) slightly (5-0 cal) dominates over
respiration (R) in the development of larval instars, this being the basic condition
of the proper course of this development, while a contrary situation is observed
with young imagines since the respiration (R) distinctly prevails over the pro-
duction (P), the difference between them being 23-0 cal with C. rubiginosa MULL.
and as many as 40-0 cal with C. vibexr L.

4. Coefficients of energy efficiency

The obtained results enabled to calculate the coefficients of energy efficiency
(PeTRUSEWICZ, 1966). They are presented in Table XXVII. Among them the
coefficient of production efficiency (P/C) is most important from the ecological
point of view, since it determines the percentage of energy used for the growth
of body. The highest coefficient was found with the larvae of the I instar amoun-
ting to 50-80 per cent with C. rubiginose MULL. and to as many as 57-02 per cent
with C. vibex L. In the subsequent instars (with an exception of the fourth
Instar of C. rubiginosa MULL.) it gradually declines reaching the lowest value
in the fifth instar: 33-44 and 34-68 per cent respectively. With the larvae of cassids
the mean value of this coefficient was 39-97—40-44 per cent, thus being very high
as compared with that of the Colorado beetle —27-70 per cent (CHLODNY, GRO-
MADZKA, TROJAN, 1967). The present author’s results considerably differ from
those of CHEODNY (1967) who claims that with the Colorado beetle the production
efficiency increases from the first to third larval instar, than distinctly decreases
in the fourth one. He explains this decreased efficiency of production in the last
larval instar of the Colorado beetle with intense accumulation of fats in the bodies
of the larvae, which are later used as a source of energy during the metamorphosis.
On the other hand the efficiency of production is considerably lower with young
Imagines of cassids amounting to 32-94 per cent with C. rubiginosa MULL.
and to 26-96 per cent with C. vibex L.

Another highly important coefficient of energy efficiency is that of assimila-
tion (A/C) (Table XXVII) which denotes the percentage of the utilization of
consumed energy. It is very high with the larvae of both species and ranges
55-65—67-51 per cent for C. rubiginosa MtLL. and 59-28—69-58 per
cent for . vibex L., the mean values being 62-17 and 63-47 per cent respectively.
A comparison with the larvae of other insects is very favourable for cassids.
CrropNy (1967) found that with Colorado beetle A/C coefficient amounted
0 45-40 per cent while WIEGERT (1964) claimed that this value was 15-80 per cent
With the larvae of Philaenus spumarius L. As compared with the larvae of cassids
this coefficient is only slightly higher with the caterpillars of cabbage butterfly
amounting to 66-00 per cent (CHLODNY, 1967). In the case of young imagines
of cassids remarkable high values of the A/C coefficient are observed 79-13 per

tent with C. rubiginosa MULL. and 80-52 per cent with C. vibex L. Such great
i3
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Table XXVII

Utilization of consumed energy by the larval instars and young imagines (from

hatch to the 45th day of life) of cassids (per cent)

Cassida rubiginosa MULL.

Inst P 100 R 100 FU foo A 100

nstar — SR SR S S

: C C C C
Tl 50-80 485 Mg
L2 44-90 21-12 33-98 66-02
L3 34.11 30-88 3501 64-99
o 36-60 30-91 32-49 67-51
s 33.44 2322 43-34 5666
X 39-97 2220 37-83 6217

YI after 45 3294 46:19 2087 79-13

Cassida vibex L.

L1 57-02 746 3552 64-48
L2 37.76 31-82 30-42 69-58
L3 36-82 24-09 39-09 60-91
T4 35-92 9718 36-90 63-10
s 34.68 24-60 4072 59-28
'z 4044 2303 36-53 63-47

YI after 45 26-96 53-56 19-48 80-52

Explanations:

)
— — efficiency of production (percentage of energy used for body
°  growth)
2 __ agsimilation coefficient (percentage of utilization of consumed
C energy)

FU e e

—— — assimilation coefficient (percentage of released energy)

C =} =]

R s o .

e respiration coefficient (percentage of metabolic losses connected

with growth)
1,1—L5 — successive larval instars
YI — young imagines

values of this coefficient indicate unusual efficiency of these beetles with regard
to the utilization of consumed energy.

Also the FU/C coefficient (Table XXVII) is in principle an assimilation
coefficient, but contrary to the former one it determines the percentage of energy
released by larvae and young imagines, derived by them from a determined
amount of consumed energy.

The R/C coefficient (Table XXVII) calculated from the amount of energy
consumed by larvae and young imagines of both species determines the percen-
tage value of metabolic losses connected with the growth of specimens. In the
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larvae of these species it in principle shows an increase tendeney with the excep-
tion of some disturbances in the fifth instar with C. rubiginosa MULL. and in the
second and fifth instar with C. vibex L. The mean value of this coefficient was
22-20 per cent with the former and 23-03 per cent with the latter. With young
imagines of C. rubiginosa MULL. and C. vibex L. the values of this coefficient
are very high, amounting to 46-19 and 53-56 per cent respectively, thus they
twice exceeded the respiration losses calculated for the whele larval stage
of both species.

5. Respiration metabolism of cassids

One of the parameters included in the study of the productivity was respiraa
tion (R), i.e. the losses of energy connected with metabolism. For a precise
evaluation of the amount of energy required for the maintenance of an indivual
the knowledge of the respiration quotient (RQ), i.e. the ratio of produced CO,
to the consumed O, is necessary. Its value changes with the growth of a specimen
and depends on the quality of combusted food (carbohydrates, fats, proteins).
The larvae and young imagines of both species of cassids were continually fed
with fresh young leaves of Cirsium oleraceum (L.) Scop. in whose biochemical
composition mainly carbohydrates were found (according to dr MYRCHA)
and hence they showed very high value of RQ. Therefore, in the calculations
of the consumed O, to energy units, the value of RQ = 0-95, with which 1 ml O,
corresponds to 4-895 Kcal was taken, according to MYRCHA and STEJGWILEO-
-LAUDARSKA (1970).

The highest oxygen consumption per a unit of body biomass (Table XXVIII)
was found in the I larval instar amounting to 27-7 mm?® O, [mg/h with C. rubigi-
nosq MULL. and to 25-1 mm? O, /mg/h with C. vibex L., then its value gradually
decreased with an increase in body weight of specimens, its lowest value being
found in rest stages: with C. rubiginosa MULL. in the pupa stage (2-8 mm?
0, /mg/h) and with C. vibex L. in the pre-pupa stage (2-4 mm® O, /mg/h). The
value of oxygen consumption increased to 5-5 mm? O, /mg/h in newly hatched
imagines of C. rubiginosa MULL. and to 6:1 mm?® O,/mg/h with C. vibexr L.,
slightly decreasing after 45 days of the life of beetles (to 344 and 4-9 mm?
0, /mg/h respectively). Figure 22 gives a graphic illustration of these changes.
It was found that the oxygen consumption in successive development stages
was very similar with both species, the differences between them (in the third
larval instar, in the pre-pupa stage, and with young imagines) being statistically
ingignificant. The course of the curve of oxygen consumption in separate devel-
opment stages of cassids is somehow similar to that calculated by GROMADZKA
(1966) for the Colorado beetle likewise at the temperature of 20-0°C).

The amount of energy used by one specimen in the metabolie processes
in 24 hrs. (Table XX VIII) distinetly (with some exceptions) increases with an
increase in body weight. In the first larval instar of C. rubiginosa MULL.
it amounts to 0-6 cal/specimen/24 hrs. while with C. vibez L. to 0-8 cal/speci-
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Table XXVIII

Metabolism expressed in oxygen consumption in the development stages of cassids (at 20.0°C)

* Cassida rubiginosa MULL.

Body
Number | weight in |, o0 ime/m| Calfspeci- | mm?O,/spe- | Cal/speci-
Bage of spect- |, mp ol bl(_)' x4 SE men/24hrs. | cimen/stage | men/stage
mens mass/speci-
men
L1 308 0-1857 27-7+4-9 0-6043 493-44 2-42
L2 214 0-4657 18:44+1-6 1-0067 822-72 4-03
L3 111 1-1491 17-141-5 2-3084 2,358:00 11-54
L4 61 2-6489 10-84+0-9 3-3609 4,119-84 20-17
L5 40 6-5722 74416 57136 10,504-08 51-42
PP 22 18-0182 3:0-0-2 6-3503 3,891-60 19-05
P 40 16-3667 2-84+0-4 5-3837 8,801-28 43-07
NHI 23 15-4917 5540-3 | 100098 | 30,990-96 | 151-70
YT after 45 18 21-1700 34403 85554 | 78,645-60 |  384:90

Cassida vibex L.

L1 183 0-2828 251429 0-8339 681-60 3-34
L2 87 0-6088 181416 1-2945 1,057-92 5-18
L3 60 1-2161 150414 2-1430 2,188-80 10-72
L4 38 2-7816 10-7-4+0-6 3-4966 4,999-68 24-48
L5 34 6-3226 7:94-0-7 5-8680 9,590-40 46-94
PP 22 18-7000 2:4-4-0-2 5-2725 3,231-36 15-82
P 31 16-8250 2:84-0-3 5-5345 10,175:76 49-81
NHI 21 15-6857 6:14+-0-9 11-2408 31,925-52 156-29
YT atter 45 15 19-8571 4-94-1-1 11-4308 105,084-00 514-39
Explanations: L1—L5 — successive larval instars
PP — prepupae
P — pupae

NHI — newly hatched young imagines
YI after 45 — young imagines after 45 days of life
SE — standard error of the measurements of oxygen consumption.

men/24 hrs. Tts highest value was noted at the beginning of the pre-pupa stage
(this moment being regarded as the maximum of larval development) with
the former species (6-4 cal/specimen/24 hrs.) and in the fifth larval instar (5-9 cal/
specimen/24 hrs.) with the latter, this being not consistent with the course of the
discussed depgndences. In the rest stages of both species a decrease in body
‘weight connected with lower energy losses are observed. With newly hatched
avnd‘ 45-day old imagines of C. rubiginosa MULL. a quite reverse situation was
found with regard to the discussed dependence, while with C. vibex L. a distinct
accordance oceurred in this problem. In 24 hrs. almost twofold energy losses were
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noted in the imagines as compared with maximal losses of the larvae, amounting
to 10-0 cal/specimens/24 hrs. with C. rubiginosa MOLL. and to 11-4 cal/speci-
men/24 hrs. with C. wvibex L.

Throughout the development from the hateh from eggs to the emergence
of imago a specimen of C. rubiginosa MULL. consumes 30,990-96 mm? 0,, thig

mm30,/mg/h
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Fig. 22. Oxygen consumption in the successive development stages of the Cassids at the tempe-
rature of 20°C. 1 — Oassida rubiginosa MYLL., 2 — (. vibex L.

corresponding to 151-7 cal, and C. vibex L. 31,925-52 mm?® O, = 1563 cal.
The obtained results are very similar with both species of cassids and also very
similar to the results obtained by GrOMADZEA (1968) in her study on the deve-
lopment of the Colorado beetle. The energy losses of young imagines throughout
45 days of life amount to 385-0 cal with C. rubiginosa MULL. and as many
as bl4-4 cal with C. viber L.

Great differences between the experimental R value (Table XX VIII) and that
caleulated from the budget (Table XXVI)should be also shortly discussed. They
can partly result from the differences in the conditions of nutritive and respiro-
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metric experiments. In the respirometers larvae were kept on the substratum
of the blotting paper and did not receive any food, this greatly increasing their
motion activity. Moreover, they could be affected by light since in the culture
they were kept in a weakly lighted room and in the course of experiments the
respirometric chambers were strongly lighted because of technical reasons
(readings every 5 minutes). The influence of temperature may be also suspected
since it was precisely 20°C-4-0-1 when the oxygen consumption was controlled
and in the culture it greatly fluctuated and was 20°C-2-0.

VIII. ECONOMIC IMPORTANCE OI' CASSIDS

Subfamily Cassidinae include a number of species which play a serious
role in controlling weeds occurring in culture fields. It is distinetly supported
by the results of investigations of many workers. According to KLEINE (1917),
MATIS (1968), SEREMET and GORBUNOV (1969), and GORBUNOV and SEREMET
(1968) Cassida rubiginosa MULL. plays a positive role in controlling Cirsium
arvense (L.) Scop.; DECEAUX (quoted according to STEINHAUSEN, 1950) reports
that it damages artichokes Cynara Scolymus L. in France, while ZWOLFER
and EIcHHORN (1966) claim that if feeds on these plants only under laboratory
conditions. According to ZwOLFER and EICHBORN (1966) Cassida vibex L. is also
a serious pest of Cirsium arvense (L.) Scop. and of Centaurea jacea L. but under
laboratory conditions it also strongly damages artichokes Cynara Scolymus L.
In connection with the fact that both species of cassids may attack artichokes
which are an important culture plant in Western Europe ZWOLFER and K1cH-
HORN (1966) claim that these beetles should not be recommended in biological
weed control. A similar opinion is expressed by STEINHAUSEN (1950) and MATIS
(1968) with regard to Cassida viridis L. which is supposed to attack valuable me-
dicinal plants of the genera Salvia L. and Mentha L.; on the other hand KrLriNE
(1917) and Pariy (1959) claim that this cassid plays an important role in con-
trolling Mentha arvensis L. Hypocassida subferruginea SCHRNK. strongly attacks
Convolvulus arvensis L. this being supported by PAL1y and KLEPIKOVA (1957), PALLY
(1959), Max1s (1968), SprEMET and GORBUNOV (1969), and GOrRBUNOV and
SEREMET (1968).

Discrepant opinions prevail with regard to Cassida nebulosa L. and C. nobi-
lis L. Several workers maintain that these cassids are serious pests of Beta
vulgaris L. (WILkE, 1923, MENozzI, 1938, StMM, 1948, LOPATIN, 1960, OGLOBLIN
and MEDVEDEV, 1971) while others report Chenopodium album L. as their main
foodplant and the Beta vulgaris L. as a supplementary one (KLEINE, 1914, 1915,
STEINHAUSEN, 1950, PALIF and KLEPIKOVA, 1957, PALLT, 1959, and MATIS, 1968).
If any or even considerable damages to beet leaves are encountered, they may
result from wrong cultivation of root crops as well as from neglects in the timely
and efficient weed control (Chenopodium sp.) in these crops.

In a situation that depending on circumstances the same species of cassids
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may be pests or not, it should be stressed that very distinct adaptation to thermic
and moisture conditions of the environment is observed with the species of this
subfamily. According to MATIS (1968) uncertainty in the problem of the econemic
importance of cassids is limited by the environment and by the nutritive and
ecologic properties of species.

In the years 1966—1971 in the territory of the Ojcow National Park and
outside this territory observations and studies were carried out on the economic
importance of the following species of cassids: Cassida rubiginosa MULL., C. vi-
bex L., C. wiridis L., C. flaveola THUNBG., and, additionally C. nebulosa L.,
C. nobilis L. and Hypocassida subferruginea SCHRNK. In theresult of the condu-
cted investigations it was found (pl. XXXIII) that C. rubiginosa MULL. and
C. wvibex L. strongly and spontaneously attack OCirsium arvense (L.) Scor.; C.
viridis attacks Mentha arvensis L., Stachys palustris L., Galeopsis pubescens
Brss.; and C. flaveola THUNBG. damages Stellaria media VIiLL. Moreover, it
was found that C.nebulosa L. and C. nobilis L. above all attack Chenopodium.
album L., and only slightly Beta vulgaris L.; while H. subferruginea SCHRNK.
damages Convoloulus arvensis L.

The investigated species of cassids pass their whole development cycle
on the leaves of weeds, greatest damages to these plants being caused by adult
beetles in the period of complementary feeding in spring and later by the larvae
of the fifth instar and by young imagines. With the density of cassids amounting
from several to scores of specimens per 1 m? of plant surface the injuries on weed
leaves were so strong that the growth of these plants was stunted and retarded
by 1 to 2 months, they usually did not yield seeds, and most often wholy wilted.

It was found that the cassids C. rubiginosa MULL., C. vibex L., C. viridis L.,
and C. flaveola THUNBG. develop in very great numbers under favourable
laboratory conditions, their complete development taking about 30 days, hence
a very real possibility occurs of using beetles and larvae of these species in the
control of most troublesome weeds. In connection with the increasing chemiza-
tion of the environment this fact may be of essential importance in preserving
the biocenotic equilibrium of agrocenoses and,” indirectly, in the protection
of health of man.

IX. DISCUSSION AND CONCLUSIONS

In the course of the investigations conducted in the years 1966—1971 the
oceurrence of 11 species of cassids was found in the territory of the OGjcow Natio-
nal Park; eight of them were identified by the present author, 3 were caught
by other persons. A systematic list of the species collected is given below:

Cassida rubiginosa MULL.

0. vibex L.

C. viridis L.

C. flaveola THUNBG.



. hemisphaerica HBST.
. nobilis L.

. nebulosa L.

. prasina ILLIG.

. rufovirens SUFEFR.

. vittate VILL.

C. samguinolenta MULL.

Out of that number 6 species were included in the investigations: C. rubiginosa
MurL., C. vibex L., C. viridis L., C. flaveola THUNBG., C. hemisphaerica HBST.,
and C. prasina ILL., mcreover, additional observations were carried out on
O. nebulosa 1. and C. nobilis L. The least number of observations was made with
regard to C. hemisphaerica Hest. and C. prasing ILL., since they were extremely
rare in the territory of the Park. Therefore, further additional observations
on the biolegy and ecology of these species are necessary, while from the results
obtained in the course of the investigation the following conclusions may be
drawn:

1) With regard to the environmental moisture requirements the investigated
species of cassids may be classified to the mezo- and hygrophilous group, C. viri-
dis L., C. prasina ILL., and C. flaveola TrnuNBG. showing greater tendency to
hygrophilousness and €. hemisphaerica HBsT. to xerophilousness.

2) C. rubiginosa MULL. is a species encountered very frequently and in very
oreat numbers, C. vibex L. and C. viridis L. are fairly frequent but oceur in less
numbers, C. flaveola THUNBG. is rarely found and in small numbers, and C. hem:-
sphaerica HBST. and C. prasina ILL. are very rarely found and as single specimens.

3) Return of cassids from wintering to the meadow, their maturation and
course of development above all depend on climatic factors (temperature,
insolation, rains, wind).

4) C. rubiginosa MULL. appears cn the meadow at the earliest period, the
other species appearing one after another at weekly intervals. Maximum number
oceurs with the first species in the first half of the month of May, and with the
other species in the second half of May or in June, already in July a slow decrease
in the numbers is observed, only single specimens of old beetles being encountered
at the end of the season. :

5) The investigated species of cassids are very narrow oligophagous animals,
C. rubiginosa MULL., C. vibex L., and C. prasina ILL. being closely connected
with the plants of the family Compositae, C. viridis L. with the family Labiatae,
C. flaveola THUNBG. and C. hemisphaerica HBST. with the family Caryophyl-
laceae. The species additionally observed (C. nebulosa L. and C. mobilis 1..)
are connected with the plants of the family Chenopodiaceae; Hypocassida subfer-
ruginea SCHRNK. being a decided monophagous animal feeds on Convolvulus
arvensis L. (family Convolvulaceac).

6) The measurements of the distribution on foodplants of cassids showed
in 1966, 1968, and 1970 that under the influence of the fact that the meadow
was N0t mown quantitative changes occurred among the plants.

SO DS
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7) The so-called complementary feeding, necessary for the maturation of
beetles was observed with the investigated species in the spring season.

8) The pictures of feeding of the beetles and larvae of cassids on the leaves
of host plants are very characteristic for separate species.

9) The eggs of cassids are in a great majority of cases deposited on the lower
leaf surface of host plants, to protect them from the unfavourable influence
of physical factors and partly also of biotic ones.

10) The average length cof life of the investigated species is about 1 year or
a little more, the minimal length being 1 month, the maximum one almost
4 years with C. rubiginosa MULL., 3 years with C. vibex L., almost 3 years with
O. viridis L., and 2 years with C. flaveola THUNBG. With all species males live
shorter than females, the differences between the two sexes being from 2 months
with C. flaveola THUNBG. to almost 2 years with C. rubiginosa MULL.

11) The sex ratio of cassids shows a slight prevalence of females.

12) The cassids belong to the group of insects of the day rhythm of activity,
showing particular preference for sun light and a distinet positive phototaxis.

13) The course and length of the development of eggs, larvae, and pupae
of cassids decisively depend on climatic conditions (temperature, insolation,
raing).

14) The so-called sociability of feeding is observed with newly hatched
larvae of cassids and maintained only as late as the end of the second instar,
and moreover, in this period of life the larvae always feed on the lower leaf
surface of foodplants.

15) The emergence of the larvae of cassids usually occurs in June, the
maximum numbers cceurring in July or in the first half of August, single speci-
mens being only encountered at the beginning of September.

16) A coat of exuviae and excrements carried by the larvae on their bodies
is among others a characteristic feature of the subfamily of cagsids.

17) Only one generation in a year is noted with the investigated species
of cassids.

18) In the newly hatched imagines of cassids a change in the coloration
of the cuticula of prothorax and elytrae occurs in the first day of their life,
their full coloration being observed after wintering in spring of the next year,
before the mating period.

19) The emergence of young imagines of C. rubiginosa MULL. is observed
in the first or second half of July, of C. vibex L. usually in the second half of July,
of the two other species at the beginning of August; maximum numbers occur
in August or in the first half of September, the last specimens being encountered
as late as the first half of October.

20) Young imagines of cassids do not attain sexual maturity in the year
of hatch and they fall into diapause whose origin and course are very complicated
phenomena and depend on physical (temperature, length of day, humidity)
and biotic factors (quality of food, physiological state of beetles).

21) The activity of young imagines depends on the period of hatch. Specimens
which hatched earlier (at long day) fed and stayed on the meadow for about
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2 months, while those which hatched later (at short day) stayed there for only
2 weeks.

22) At the end of summer and in autumn young imagines of the investigated
species migrate to the lime-hornbeam forest, on the slope of south exposition
in the Sgspowska Valley, where they winter in the state of diapause in the litter
at the depth of 5—8 em. Migrations of beetles are brought about by physical
factors (temperature, insolation, length of day, humidity) and also partly by
biotic factors (quality of food, physiological state of beetles).

23) In the pericd of migration for wintering the content of free water
decreases in the bodies of cassids from over 80-00 per cent to about 50-00 per
cent. In the bodies of wintering beetles its amount gradually increases (chiefly
owing to the combustion of fats) and in spring reaches the value of 60-00—70-00
per cent, at that value spring activation of beetles and then their maturation
being observed.

24) The size of the populations of investigated species of cassids changes
in successive years and depends on the influence of climatic factors (temperature,
rains, wind).

25) The fecundity of cassid females depends on temperature, length of day,
rains, and on the quality of food. Maximum fecundity chiefly occurs in June
and in the first half of July, i.e. in the periods of longest days (about 17 hours).
The highest fecundity is found with 1-year old females and gradually decreases
with 2- and 3-year old ones. ‘

26) The degree of density of separate development stages of cassids changes
throughout the vegetation season and depends on the size of patches of food-
plants.

27) Physical factors greatly influence the reduction of eggs and larvae
in the first and second instar as well as the rate of winter mortality of young
cassid imagines (20-83—58-33 per cent). From the total number of dead beetles
the greatest number of specimens dies at the end of winter.

28) A distinct positive correlation occurs between the degree of insolation
of the surface of the meadow throughout the consecutive months of the vegeta-
tion season and the appearance of separate development stages of cassids.

29) In the reduction of all development stages of cassids the decisive role
is played by biotic factors: parasites (endoparasites, oophagous animals),
predators, and microorganisms. In separate years the percentage share of these
factors in the reduction of cassids chiefly depends on physical factors: tempera-
ture, rains. The total reduction of development stages of cassids was very high
with relation to the initial number of eggs which remained healthy on the
leaves of plants and with the investigated species ranged from 98-:00—99-50 per
cent.

30) In the whole period of development a larva of C. rubiginosa MULL.
consumes 110-1 mg of leaf biomass (58-9 cal) and C. vibex L. 103.2 mg of leaf
biomass (55-2 cal). The rate of feeding doubles in the successive instars of deve-
lopment, maximum consumption occurring in the fifth larval instar. A young
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imago of C. rubiginosa MULL. consumes 305-6 mg of leaf biomass (1579 cal)
and of C. vibex L. 292-3 mg of leaf biomass (151-0 cal) throughout 45 days
of life.

31) The total energy assimilation required for the whole development
cycle of a larva amounts to 35-4 cal with C. rubiginosa MULL. and to 335 cal
with C. vibex L., while the values of energy assimilation are very high with
young imagines amounting to 125-0 and 121-6 cal respectively.

32) The total production of body biomass is 17-8 mg (20-5 cal) with C. rubigi-
nosa MULL. and 18-4 mg (19-6 cal) with C. vibex L. In sepwrate instars an increase
in biomass is distinctly greater with the age of a larva; the highest increase
is noted at the beginning of the pre-pupa stage and therefore this moment
is regarded as a maximum in the development cf larvae. With young imagines
the production of body biomass is 5-7 mg or 8-:3 mg (depending on the method
of caleulation) with O. rubiginosa MULL. and 4-2 mg or 7-5 mg with O. vibex L.
The values of the body production caleulated as dry matter amount to 6:6 mg
(52-0 cal) and 6-1 mg (40-7 cal) respectively.

33) With both species the highest production efficiency (P/C) is observed
in the first larval instar, then it decreases, reaching the lowest level in the fifth
instar. The mean value of this coefficient is 39-97 per cent with C. rubiginosa
MULL. larvae and 40-44 per cent with C. vibex L. With young imagines these
values are even lower and amount to 32:94 and 26-96 per cent respectively.

34) The mean value of the assimilation coefficient (A/C) is very high, amoun-
ting to 62-17 per cent with the larvae of C. rubiginosa MULL. and to 63-47 per cent
with C. vibex L. With young imagines even higher values were noted: 79-13 and
80-52 per cent respectively. Such high values of this coefficient indicate unusual
efficiency of larvae and imagines of both species with regard to the utilization
of food. :

35) The mean values of respiration losses (R/O) in larvae amount to 22-20 per
cent (C. rubiginosa MULL.) and 23-03 per cent (C. vibex L.) while with young
imagines to 46-19 per cent and 53-56 per cent respectively. It should be stressed
that in the larvae of both species the values of production efficiency are higher
than the rvespiration losses and in young imagines vice versa. Moreover, the
respiration losses of young imagines are two times greater than those of the
larvae.

36) The oxygen consumption per a unit of body biomass distinetly decreases
with an increase in biomass in the successive development stages of both species
of cassids.

37) From the moment of hatch of larvae to the emergence of an imago
the energy losses are 1517 cal with C. rubiginosa MULL. and 156-3 cal with
C. vibex L., while in the 45 days of life of young imagines they are 385-0 cal
and 514-4 cal respectively.

38) Great differences are noted between the experimental R value and that
calculated from the budget. They can result from the differences in the conditions
of nutritive and respirometric experiments.
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39) It was found that as well the investigated species as those additionally
observed play a serious role in controlling weeds in agricultural crops, with
the reservation that under certain circumstances C. nebulosa L. and C. nobilis L.
may be secondary pests of sugar beet.

Nature Conservation Research Centre,
ul. Lubicz 46a, 31-512 Krakéw, Poland
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Badania przeprowadzono w latach 1966—1971 w obrebie powierzchni na lace
Arrhenatheretum elatioris alchemilletosum w Dolinie Saspowskiej w Ojcowskim
Parku Narodowym. W kolejnych latach od kwietnia do pazdziernika, w odste-
pach 7—30-dniowych obserwowano i badano 6 gatunkow tarczykoéw: Cassida

. rubiginosa MULL. i C. vibex L. na ligciach Cirsium oleraceum (L.) Scop., C. viri-
dis L. na ligciach Mentha longifolia (1..) Hups., C. flaveola THUNBG. na lisciach
Stellaria graminea L., oraz poza powierzchnig C. hemisphaerica HBST. na lieiach
Silene nutans L. i C. prasina ILL. na liSciach Achillea millefolium L. Ponadto
przeprowadzano dodatkowe obserwacje nad biologia C. nebulosa 1. i C. nobilis L.
w uprawach ro§lin okopowych na terenie Parku oraz nad Hypocassida subferru-
ginea SCHRNK. poza jego granicami. W kolejnych terminach badan przegladano
ligeie rodlin pokarmowych tarczykéw w obrebie powierzchni i notowano pojaw
oraz liczebnosé okazéw z kolejnych stadiow rozwojowych badanych gatunkéw.

W wyniku przeprowadzonych badan poznano fenologie pojawu oraz okresy
wystepowania stadiow rozwojowych tarczykéow (rye. 1). Stwierdzono, ze C. rubi-
ginosa MULL. jest gatunkiem najwezesniej pojawiajacym sie na tace, a C. vibex L.,
C. viridis Li. 1 C. flaveola THUNBG. przylatuja kolejno w odstepach tygodniowych.
Nasilenie pojawu chrzgszezy obserwuje sie w maju i ezerweu, a od lipea nastepuje
wolny spadek ich liczebnogci. Pojaw chrzaszezy na lace zalezy od czynnikow
klimatycznych (temperatura, nastonecznienie) i naste¢puje, gdy temperatury
maksymalne sa wyzsze od +13,0°C. W wyniku przeprowadzonych pomiaréw
zasiegdw ro§lin pokarmowych tarczykéw w obrebie powierzechni w latach 1966,
1968 i 1970, stwierdzono wyrazne zmiany ilo§ciowe u tych rolin (rye. 2—4),
spowodowane faktem niekoszenia lgki. Wykaz rodlin pokarmowych tarezykow,
cytowanych przez réznych badaczy oraz ustalonych przez autora pracy przed-
stawia tabela I. U chrzaszezy stwierdzono wystepowanie na wiosne tzw. zeru
uzupelniajacego, ktéry trwa 8—40 dni i warunkuje dojrzewanie chrzgszezy.
Obrazy zeréw starych chrzgszezy C. rubiginosa MULL. i C. vibex L. na liSciach
ich roslin pokarmowych przedstawia tablica XXV, a C. viridisi C. flaveola THUNBG.
tablica XXVI.

Kopulacja u tarczykéw rozpoczyna si¢ przy temperaturze wyzszej od 18,0°C,
trwa od kilku do kilkunastu godzin, natomiast caly okres kopulacji — podczas
ktorego owady bardzo silnie zeruja — u badanych gatunkéw wynosi od 4 do
8 tygodni. Skladanie jaj w terenie odbywa sie po 3—7 dniach od zakoiczenia
kopulacji oraz po 2—5 w laboratorium, przebiega przy temperaturach wyzszych
od 18,0°C, a optimum temperatur wynosi 20,0—25,0°C. Okres skladania jaj
przez samice tarczykow rozpoczyna sie przy dniu dluzszym od 15 godzin (tab. II),
wynosi od 8 do 12 tygodni i trwa od maja az do polowy sierpnia (rye. 1), z wy-
Jatkiem C. wiridis L. Dojrzewanie chrzgszezy i skladanie jaj sg zalezne od czynni-
kéw klimatyeznych, a w wypadku ich pogorszenia nastepuje zahamowanie
czynnofei zyciowych tarczykéow.

Badania nad dlugoeig zycia imagines, plodnoécig samie réznowiekowych,
o
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dhugosdcig rozwoju i §miertelnogcia jaj oraz larw prowadzono w stalych punk-
tach obserwacyjnych na lace. Srednia dlugo$é zycia chrzgszezy tarczykow
(tab. I1I) wynosi okolo 1 roku, minimalna okolo 1 miesigeca, maksymalna nato-
miast — prawie 4 lata u C. rubiginosa MULL., 3 lata u C. vibex L., prawie 3 lata
u . viridis L., 2 lata u C. flaveola THUNBG. Samce zyja krocej od samic, a réznice
u obu plei wahajg sie od 2 miesiecy u C. flaveola THUNBG. do niemal 2 lat u C. rubi-
ginosa MULL. U badanych gatunkow zaznacza sie dymorfizm pleiowy. Stosunek
plei wykazuje w wiekszosci wypadkow mnieznaczng przewage samic. Badane
gatunki tarczykéw — ze wzgledu na wymagania wilgotnodciowe siedliska —
nalezg do grupy mezo- i higrofilnych. Tarczyki s3 owadami o dziennej rytmice
aktywunodei, wykazuja szczegdélne upodobania do Swiatla stonecznego oraz
wyrazny fototaktyzm dodatni.

Jaja tarezykow sg skiadane gléwnie na delnej stronie lisel Joshn pokarmo-
wych, a ich liezba w zlozu wynosi u C. rubiginosa MULL. 2—17 sztuk, {t €. vibew L.
i 0. flaveola THUNBG. 1—3 sztuk, u C. viridis L. 5—16 sztuk. Rozwdj embrionalny
jaj w terenie zalezy cd temperatury, wilgetneéei, opadéw i trwa 11—33 dni
(tab. IV), a w laboratorium 7—17,5 dni (tab. V).

Pierwsze okazy larw spotyka sie z koncem maja lub na poczgtku c70rwca,

nasilenie pojawu obserwuje sie w lipcu oraz w I pelowie sierpnia, a ostatnie
okazy znajdowano na peoczatku wrze§nia (rye. 1), a wiee dlugosé okresu ich
wystepowania na lace wynosi 1,5 do 3,5 miesiaca. Zer §wiezo wyleglych larw prze-
biega gldwnie na dolnej stronie ligei relin pokarmowych, ponadto wystepuje u nich
tzw. towarzyskogé zerowania, ktora trwa do konea II stadium, a potem larwy
rozchodm sie po calej roglinie. Obrazy zeréw larw C. rubiginosa MULL. na li§-

iaweh roglin pokarmowych przedstawia tablica XX VII, . vibex L. tablica XX VIII,
C iridis 1.1 0. flaveola THUNBG. tablica XXIX. Larwy trzech pierwszych gatunkow
linieja w ciagu swego zycia 5 razy (piate linienie do poezwarki), a C. flaveola
THUNBG. tylko 4 razy. W rozwoju larw odgrywaja role temperatura, wilgotno§é
i opady. W warunkach terenowych trwal on §rednic 21,4—37,7 dni (tab. IV),
w laboratorium 14—31 dni (tab. V). Przepoczwarczenie odbywa sie gléwnie
na dolnej stronie ligei. Okres przedpoczwarki trwa w terenie 2—4,5 dni (tab. IV),
w laboratorium 2—3 dni (tab. V). Dlugo$é wystepowania przedpoczwarek
i poezwarek tarczykéw wynosi 1,0—2,5 miesigea (ryc. 1). Poczwarki badanych
gatunkow- sa bardzo wrazliwe na spadki temperatur i cpady, ktére wyraznie
przedtuzaja ich rozwaj. W terenie wahat sie on od 7 do 11 dni (tab. IV), w labora-
torium od 5 do 9 dni (tab. V). Decydujacy wpltyw na rozwoj generacji wywieraja
temperatura, wilgotno§é oraz opady. Caly eykl rozwojowy trwal w terenie
§rednio od 50,6 do 73 ,6 dni (tab. IV), w laboratorium 28,0—60,8 dni (tab. V).
U badanych gatunkow wystepuje tylko jedno pokolenie w roku.

Pierwsze okazy mlodych imagines O. rubiginosa MULL. spotyka si¢ w I lub
II potowie lipca, C. wibew L. przewaznie w II polowie lipea, a pozostalych ga-
tunk6w na poczatku sierpnia; nasilenie pojawu obserwuje sie w sierpniu oraz
w I polowie wrzesnia, a okolo polowy pazdziernika znajdowano tylko nieliczne
okazy (ryc: 1). U $wiezo wylegtych imagines nastepuje w ciagu pierwszej doby
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ich zycia zmiana barwy kutikuli przedplecza i pokryw, a pelme wybarwienie
obserwuje sie dopiero po przezimowaniu, tuz przed okresem godowym. Zmiana
barwy zalezy od karotenoidéw, obeecnych w li§ciach rodlin pokarmowych.
Mlode imagines zerujg bardzo intensywnie w pierwszych 2—3 tygodniach zycia,
Po czym natezenie ich zeru stabnie. Obrazy zeréw mlodych chrzaszezy O. rubigi-
nosa MULL. i C. vibex L. na li§ciach ro§lin pokarmowych przedstawia tablica XXX,
a O. viridis L. i C. flaveola THUNBG. tablica XXXI. Budowa obrazéw zeru jest
bardzo charakterystyczna dla kazdego gatunku. U mlodych imagines, nie dojrze-
wajacych pleiowo w roku wylegu, wystepuje zjawisko diapauzy. Charakteryzujg
Ja: ogoélny spadek metabolizmu, zmniejszenie ilo§ci wody wolnej w ustroju,
spadek intensywnofci oddychania, zmniejszenie aktywnogei fermentéow, zwiek-
szenie ci§nienia osmotiycznego oraz duza ilo§é substancji zapasowych (thuszezo-
wych). Przyezyng powstawania diapauzy sg zmiany dlugodei dnia oraz jakosei
pokarmu; natomiast o terminie jej nastepowania, polaczonego &cigle z migracja
na zimowanie, decyduja temperatura, wilgotnosé i dtugoéé dnia. Przed zapadnie-
ciem w ten stan chrzgszeze migrujg z terenu taki w rejony le$ne, gdzie wyszukujg
odpowiednie miejsca do przezimowania. Zimujace chrzaszeze, bedgce w stanie
diapauzy wilasciwej, wykazuja duzg odpornosé na niska temperature, wysokg
wilgotno§é oraz infekeje grzybkowe. Ilogé wody wolnej wzrasta stopniowo w ich
ciele i osigga na wiosne warto$é 60,00—70,009%,, przy ktérej zachodzi wiosenna
reaktywizacja chrzaszezy, a nastepnie ich dojrzewanie.

Sezonowe wahania liczebnogei stadiéw rozwojowych tarczykéw w latach
1966—1971, w zaleznofci od czynnikéw klimatyeznych, przedstawiono na ryei-
nach 5—10. Terminy i przebieg pojawu poszczegélnych stadiéw, maksima ich
liczebnogei, dlugo$é. okresu wystepowania i rozwoju zalezg w istotny sposéb
od czynnikéw klimatyeznych (temperatura, opady, wiatr). Niskie temperatury,
pelaezone z opadami i wiatrami, powoduja silne zalamania w liczebnogei poszeze-
'g6lnych stadiéw i spadek ich aktywnog$ei. Sezonowe wahania liczebnoci pozo-
staja w Scistym zwigzku z wielkodcig populacji tych chrzgszezy. Metoda wytowu
zupelnego starych chrzaszezy, zastosowana w latach 1969—1971, umozliwila
ccene wielkodei populacji badanych gatunkéw (tab. VI). Stwierdzono, ze
C. rubiginosa MULL. jest gatunkiem dominujacym i najbardziej licznym na lace,
C. wibex L. i C. viridis L. s niezbyt liczne, a C. flaveola THUNBG. rzadki.

Ozasokresy skladania jaj oraz przebiegi krzywych plodnosci samic rézno-
wiekowych przedstawiono na rycinach 8—10. Maksymalna plodnogé u samic
tarczykéw wystepuje gtéwnie w czerweu i w polowie lipca, a wiec w okresie
najdtuzszych dni (tab. II), przy czym szezyty liczebnogei jaj u samic jednorocz-
nych sa niemal zawsze wyzsze niz u samic réznowiekowych. Nigkie temperatury
I silne opady powoduja zalamania w przebiegu krzywych plodnosci (rye. 10).
Liczby jaj skladanych §rednio przez jedng samice tarczykéw w terenie przed-
stawia tab. VII, w laboratorium — tab. VIII. Najwiekszg liczbe jaj skladaja
samice C. rubiginosa MULL.: od 285—344 sztuk, u pozostalych gatunkéw liczby
te wahajg sie od 200 do 280 sztuk. Plodno§é samic maleje w drugim i trzecim
roku ich zycia (tab. VII), przy czym najsilniej zaznacza si¢ to n 2-letniej samicy
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C. flaveola THUNBG. (spadek ponad 5-krotny) oraz u 3-letniej samicy C. vibex L.
(spadek ponad 2-krotny). Zmiany stopnia zageszezenia stadiéw rozwojowych
tarczykow badano w latach 1966, 1968 1 1970 (tab. IX—XT), réwnolegle z bada-
niami ilo§ciowych zmian u roglin pokarmowych tych chrzaszezy (por. rye. 2—4).
Stwierdzono, ze $redni stopien zageszezenia populacji tarczykéw wzrasta mimo
znacznego zwiekszenia si¢ powierzchni platéw ich roslin pokarmowych, co
szezegblnie wyraznie zaznacza sie u starych chrzaszezy. Maksymalne zageszezenie
imagines C. rubiginosa MULL. i C. vibex L. wynosilo na wiosne 1966 roku $rednio
0,3 okazu/m?® i 0,02 okazu/m?, a w 1970 roku odpowiednio 0,6 okazu/m?2
i 0,08 okazu/m? Stopien zageszezenia u dwoch pozostalych gatunkéw badano
tylko w latach 1968 i 1970. Maksymalne zageszezenie starych imagines C. viri-
dis L. w 1970 roku wynosilo §rednio 1,1 okazu/m? u . flaveola THUNBG.
0,1 okazu/m® W pozostalych stadiach rozwojowych prawidlowosei powyzsze
ukladaly sig roznie, a u mlodych imagines O. rubiginosa MULL. i C. vibex 1. nawet
zageszezenie malalo.

Stwierdzono, ze bezpofrednimi przyezynami migracji mlodych imagines
na zimowanie sg czynniki abiotyczne: temperatura, nastonecznienie, dlugosé
dnia, wilgotnesé; posrednimi natomiast biotyezne — jako$é pokarmu, stan
fizjologiczny chrzaszezy. Aktywno$é chrzgszezy zalezy od dlugosei dnia, prazy
ktérej nastapit wyleg. Im pézniej nastapil pojaw chrzaszezy, tym krotszy byt
okres ich aktywnofei. Temperatury minimalne nizsze od +13,0°C, ezeste mgly
oraz wzrastajacy stopien zacienienia laki w jesieni wplywaja stymulujgco na
migracje chrzaszezy w rejony ledne, gdzie zimujg one w $cidlee na glebokodel
5—38 cm. Wiosng nastepuje zjawisko powrotu starych chrzaszezy z lasu na teren
laki. Przebieg migracji imagines badanych gatunkow przedstawiono na
ryc. 5—10.

Wplyw czynnikéw abiotycznych (temperatura, cpady, wiatr) na stopien
redukeji jaj przedstawia tabela XII. Stwierdzonoc, ze stopien ten wahal sie
w badanych gatunkéw w poszezegélnych latach od 23,68 do 72,549,. Przebieg
warunkéw pogodowych rzutuje réwniez w ogromnym stopniu na rozwoj i $§mier-
telno§é larw. Niskie temperatury, dlugie okresy cpaddw i wiatry powodujg
silne zahamowanie rezwoju oraz redukcje larw, szezegélnie w I i IT stadium.
Stopienn redukeji poszezegolnych stadiow rozwojowych tarczykow w terenie
w latach 1969—1971 przedstawiono w tabeli XIII. Larwy I i IT stadium sa
redukowane w 1/3 swej liczebnosci przez czynniki abiotyczne, w pozostatych
stadiach natomiast zdecydowang role odgrywaja czynniki biotyczne. W la-
tach 1968—1972 przeprowadzono 4-krotnie kontrelowanie zimowania mlodych
imagines badanych gatunkéw w lesie grgdowym, na zboczu 0 ekspozyeji potudnio-
wej w Dolinie Saspowskiej, co umozliwilo oceng stopnia §miertelnodei chrzgszezy
W tym okresie (tab. XIV).Stwierdzono, ze $miertelnosé okazéw wahata sie od
20,83 do 58,339, . Ponadto ustalono, ze z ogdlnej liczby chrzgszezy zdechlych
podezas zimowania az 50—709%, okazéw ginie na przelomie zimowo-wiosennym.
Czteroletnie obserwacje nad dlugoscia zycia tych samych okazéw z czterech
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gatunkow tarczykow umozliwily sporzgdzenie tabeli zyciowej tych chrzaszezy
(tab. XV).

Insolacja odgrywa wazng role i decyduje o wystgpowaniu oraz rozwoju
populacji tarczykéw na lace. Stwierdzono wyrazng korelacje dodatnig miedzy
wystepowaniem populacji tarczykéw w obrebie zasiegdw ich rolin pokarmowych
na tgce a stopniem jej naslonecznienia w ciggu sezonu wegetacyjnego (ryec.
11—17). Nastonecznienie wplywa istotnie na przebieg powrotu chrzgszezy
z zimowisk na lgke oraz ich dojrzewania w okresie wiosennym, dziala stymulujaco
na rozwoj larw oraz na migracje mlodych imagines w rejony zimowania.

Czynnikami biotyeznymi, dzialajgeymi redukujaco na liczebno§é populacji
tarczykow, sg pasozyty (endopasozyty, oofagi), drapiezey oraz mikroorganizmy.
Ich sklad gatunkowy ustalony przez réznych autoréw przedstawia tabela XVI,
a przez autora pracy tabela XVII. Stopien redukeji jaj w latach 1969—1971
(tab. XIII) waha si¢ u badanych gatunkéw od 10,92 do 51,399%,. Decydujaca
role w redukeji jaj tarczykow odgrywajg pasozytnicze blonkéwki (tab. XVII).
Stopient spasozytowania przez nie jaj wahal sie w kolejnych latach od 4,80 do
49,34 9, (tab. XVIII). Procentowy udzial poszezegdlnych gatunkéw blonkowek
w redukeji jaj tarczykow w latach 1968—1971 przedstawiono w tabeli XIX.
Liczba blonkowek w jednym jaju wahala sie od 1 do 4 sztuk. Rozwoj pasozyta
trwa zawsze dluzej niz okres embrionalnego rozwoju tarczykdéw (tab. XX).
Smiertelno$¢ jaj wywolana zaburzeniami w rozwoju wahala si¢ od 0,36 do
14,009%, (tab. XVIII). Stopient §miertelnosei jaj zniszezonych przez drapiezne
roztocze i kesarze wahal si¢ ed 0,76 do 6,129 (tab. XVIII).

Oceng stopnia redukeji stadiow larwalnych i poczwarek tarczykow przepro-
wadzano w latach 1969—1971. Stwierdzono (tab. XIII), ze najsilniejsza redukeja
wystepowala w I stadium larwalnym (niekiedy w stadium jaja) i wynosita
15,64—63,08%,. W mnastepnych stadiach larwalnych procent redukeji stale
zmniejszal sie (oprocz V stadium C. viridis L.). Calkowita redukeja stadiéow
rozwojowych tarezykow, w odniesieniu do wyj$ciowej liczby jaj, ktore dotrwaty
zdrowe na roglinach, jest bardzo wysoka i waha si¢ od 98,00 do 99,509, . Krzywa
redukeji stadiow rozwojowych ma ksztalt litery L (rye. 18). Hodowle laborato-
ryjne stadiow rozwojowych tarczykow, prowadzone w latach 1968—1971
(material zebrano w terenie), umozliwily ocene procentowego udziatu poszezegol-
nych grup reducentoéw w niszezeniu larw i poczwarek tych chrzaszezy (tab. XXI).
Najwiekszg role wredukeji tych stadiow odgrywaja pasozytnicze blonkowki. Sto-
pien redukeji wywolanej przeznie wahatsie od 11,05 do 73,68 %, . Procentowy udziat
poszezegdlnych gatunkow blonkéwek w redukeji tych stadiow przedstawia
tabela XIX. Blonkéwki skiadaja do ciata larw tarczykow od 1 do 65 jaj. Na jedng
larwe przypada $rednio 7,0—18,6 sztuk blonkéwek. Wyleg blonkéwek z ciala
gospodarza nastepuje po uplywie 3 do 5 tygodni od momentu zlozenia jaj
w ciele tego cstatniego. Istotna role w redukeji stadiow rozwojowych tarczykéow
odgrywaja pasezytnicze nicienie (tab. XVII). Stopien redukeji larw i poczwarek,
wywolanej przez nie (tab. XXI), wahal si¢ od 1,85 do 37,419%. Procentowy
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udzial poszezegdélnych rodzajéw nicieni w redukeji tarezykéw przedstawia
tabela XXTI. Liczba nicieni w jednej larwie tarczyka waha sie od 1 do 9 sztuk
1 wynosi §rednio 1,6 do 4,0 sztuk.

W powaznym stopniu na ograniczenie liczebnosei larw tarczykéw wplywaja
drapiezcy (tab. XVII). Stopien redukeji larw wywolanej przez nich wahat sie
od 2,04 do 23,689, (tab. XXI). Sposréd nich najsilniejszg redukeje larw tarczy-
kéw powoduja pluskwiaki, a zwlaszeza Picromerus bidens 1i., ktory w 1967 roku
wplynal istotnie na liczebnogé larw (por. ryc. 6). Stwierdzono, ze jedna nimfa
tego pluskwiaka wysysa w laboratorium §rednio w ciggu doby 2,5 larw, a w tere-
nie 1,2 larw; imago natomiast wysysa w laboratorium $rednio 3,0 larwy na dobe,
a w terenie 1,3 larw. Stopien redukeji larw i poczwarek tarczykow, wywolanej
przez drobnoustroje (tab. XXI), wahat sie od 0,60 do 53,339%,. Stwierdzono
Scista zalezno§é miedzy wielko§cia procentowego udziatu poszezegdlnych ezynni-
kéw biotycznyeh w redukeji larw i poczwarek (tab. XXT) a warunkami klima-
tycznymi w kolejnych latach badan (por. ryc. 7—10). Ustalono, ze nicienie
i blonkéwki redukuja najbardziej V stadium oraz przedpoczwarki, mikroorga-
nizmy — przedpoczwarki i poczwarki, a drapiezey — I i IT stadium larwalne
tarczykow.

Stopienn redukeji imagines tarczykow, spowodowanej przez pasozytnicze
muchéwki, przedstawia tabela XXIII. Stwierdzono, ze u C. rubiginosa MULL.
jest on bardzo wysoki i waha sie od 62,57 do 85,009%,. W latach 1966—1971
pasozyt powodowal silny i gwaltowny spadek liczebnogci starych chrzgszezy
tego gatunku zawsze w I polowie maja (por. rye. 5—10). Stopienn redukeji
chrzgszezy C. flaveola THUNBG., wywolanej przez inng pasozytniczg muchéwke,
wyniést w 1970 roku 20,009,. Procentowy udzial poszczegblnych rodzajow
pasozytniczych nicieni w redukeji imagines C. rubiginosa MULL. przedstawia
tabela XXTI. Smiertelno§é naturalng chrzaszezy z powodu wyecienezenia przed-
stawiono w tabeli XXIII; wielkosé jej wahata sie od 4,00 do 23,56 %,. Liczebno§é
imagines przezywajacych w latach 1967—1970 wynosila zaledwie 5,00 do 15,00 %,
(tab. XXIIT).

Warto§é konsumpeji (C), wydalonych ekskrementéow (FU) i asymilacji (A)
larw oraz mlodych imagines C. rubiginosa MULL. i C. wibex L. przedstawiono
w tabeli XXTIV. Larwa O. rubiginosa MULL. konsumuje podezas swego rozwoju
110,1 mg biomasy lisci (58,9 cal), a C. vibex L. 103,2 mg biomasy (55,2 cal).
Tempo zjadania pokarmu podwaja si¢ w kolejuych stadiach rozwoju (tab.
XXIV), a maksymalna konsumpeja wystepuje w V stadium larwalnym. Mlode
imago C. rubiginosa MtLL. konsumuje w ciagu 45 dni zycia 305,6 mg biomasy
li§ei (157,9 cal), a C. vibex L. 292, 3 mg biomasy (151,0 cal). Larwa C. rubiginosa
MULL. wydala w ciggu swego rozwoju 23,6 cal w postaci ekskrementéw, a €. vi-
ber 1.. 21,7 cal. Mlcde imago C. rubiginosa MULL. wydala w ciggu 45 dni zycia
33,0 cal, a C. vibex L. 29,4 cal. Calkowita asymilacja niezbedna dla odbyecia
pelnego rozwoju larwy C. rubiginosa MULL. wynosi 35,6 cal, a C. vibex 1. 33,5 cal
(tab. XXIV). Wartofci asymilacji energii wynosza u mlodych imagines €. rubi-
ginosa. MULL. 125,0 cal, u C. vibex L. 121,6 cal.
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Zawarto$¢ wody oraz suchej masy w poszezegélnyeh stadiach rozwojowych
obu gatunkéw przedstawiono na rye. 19. Wartodé kaloryezng jednego osobnika
tarczykéw C. rubiginosa MULL. i C. vibex L. podezas ich rozwoju przedstawia
ryc. 20. Wartogei produkeji ciala (P) larw oraz mlodych imagines obu gatunkéw
przedstawiono w tabeli XXV. Larva C. rubiginosa MULL. wyprodukowala
w okresie swego rozwoju 17,8 mg biomasy ciata (20,5 cal), a C. vibex L. 18,4 mg
biomasy (19,6 cal). Przyrost biomasy ciala w poszezegdlnych stadiach zwieksza
sie wyraznie z wiekiem larw. Produkeja biomasy ciala u 45-dniowych mlodych
imagines, obliczona z rdéznicy ciezaru koncowego i poczatkowego, wynosi
u C. rubiginosa MULL. 5,7 mg, u C. vibex L. 4,2 mg; jej warto$¢ natomiast,
uzyskana z sumy wszystkich przyrostéw biomasy w okresie 45 dni, wynosi
u pierwszego 8,3 mg, u drugiego 7,5 mg. Wartos$é produkeji, oceniona w suchej
masie, wynosi u C. rubiginosa MULL. 6,6 mg (52,0 cal), u C. vibexr L. 6,1 mg
(40,7 cal). Przebieg krzywej konsumpcji pokarmu na tle krzywej wzrostu cigzaru
ciala w stadiach rozwojowych obu gatunkéw przedstawiono na rye. 21.

Warto§ei budzetu energetycznego, wyrazone w cal/okaz, przedstawiono
w tabeli XXVI, wspélezynniki wydajnosci energetycznej natomiast w tabeli
XXVII. Wydajno§é produkeji (P/C) jest najwyzsza u larw I stadium i wynosi
u O. rubiginosa MULL. 50,809, u C. vibex L. az 57,02 %, nastepnie spada stop-
niowo w kolejnych stadiach i osigga najnizszg warto$é w V stadium, u pierwszego
33,44%, u drugiego 34,689,. Warto§¢ Srednia tego wspolezynnika waha sie
u larw tarczykow od 39,97 do 40, 44 9,. Natomiast u mlodych imagines wydaj-
nogé produkeji jest znacznie nizsza i wynosi u C. rubiginosa MULL. 32,949,
u C. vibex L. 26,969%,. Wspolczynnik asymilacji (A/C) u larw obu gatunkéw
Jest bardzo wysoki i wynosi §rednio u C. rubiginosa MULL. 62,179, u C. vibex L.
63,479,. W przypadku mledych imagines uderzaja jeszcze wyzsze wartosci
tego wspoélezynnika, ktére wynoszg u pierwszego 79,139, u drugiego 80,52 9%,.
Wspolezynnik R/C okregla procentowa wielkogé strat oddechowych, zwigzanych
ze wzrostem okazdéw. Jego warto§é §rednia wynosi u larw C. rubiginosa MULL.
22,20%,, u O. vibex L. 23,03%. U mlodych imagines wartosci te sa bardzo
wysokie i wynoszg odpowiednio 46,199 i 53,569,, a wiec przewyzszajqy az
dwukrotnie straty oddechowe larw.

Konsumpeja tlenu na jednostke biomasy ciala (tab. XXVIII) jest najwyzsza
w I stadium larwalnym i wynosi u C. rubiginosa MULL. 27,7 mm?3 O, /mg/h,
u O. vibex L. 25,1 mm30, /mg/h; nastepnie warto$é jej spada stopniowo wraz
ze wzrostem ciezaru ciata okazéw i wykazuje minimum u pierwszego w stadium
Poczwarki (2,8 mm3 0, /mg/h), u drugiego w stadium przedpoczwarki (2,4 mm?0O, [
mg/h). U $wiezo wyleglych imagines jej warto$é wzrasta do 5,5 mm?®0, /mg/h
u O. rubiginosa MULL. i 6,1 mm3 O, /mg/h u C. vibex L.; po uptywie 45 dni zycia
chrzaszezy wykazuje ona nieznaczny spadek. Graficzny przebieg tyech zmian
ilustruje rye. 22. Tlogé energii zuzytej przez osobnika w ciggu 24 godzin w pro-
cesach metabolizmu (tab. XX VIII) zwieksza si¢ wyraznie (z paroma wyjatkami)
ze wzrostem ciezaru ciata. Straty energii w ciggu 24 godzin u mlodych imagines
s prawie dwukrotnie wyzsze od maksymalnych strat larw i wynosza u €. rubi-
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ginosa MULL. 10,0 cal/okaz/dobe, u C. vibex L. 11,4 cal/okaz/ dobe. Podczas
swego rozwoju od wylegu z jaj do pojawu imago (tab. XX VIII), osobnik C. rubi-
ginosa MULL. zuzytkowuje 30 990,96 mm?30,/151,7 cal), a (. wvibex L.
31 925,52 mm?0, [156,3 cal). Straty energii u mlodych imagines w ciggu 45 dni
ich zycia wynosza u pierwszego 385,0 cal, u drugiego az 415,4 cal. Duze r6znice
miedzy wartoscia R doswiadezalng (tab. XXVIII) a wyliczong z budzetu
(tab. XXVI) moga wynikaé¢ z réznic warunkéw, w ktorych przeprowadzano
dodwiadezenia zywieniowe i respirometryczne.

W wyniku obserwacji terenowych i hodowli laboratoryjnych stwierdzono,
ze O. rubiginosa MULL. 1 C. vibex L. niszeza silnie ostrozen polny Cirsium arvense
(L.) Scor.; C. viridis L. uszkadza skutecznie miete polna Mentha arvensis L.,
czySciec blotny Stachys palustris L. i poziewnik miekkowlosy Galeopsis pubescens
Bess., a C. flaveola THUNBG. gwiazdnice pospolita Stellaria media ViLL. Ustalono
ponadto, ze . nebulosa Li. i C. nobilis L. niszeza gtéwnie komose biata Chenopo-
dium album I, a rzadko i mnieznacznie buraka cukrowego Beta vulgaris Li.;
H. subferruginea SCHRNK. natomiast niszezy zdecydowanie pow6j polny Convol-
vulus arvensis L. Stwierdzono, ze tarezyki z 4 pierwszych gatunkéow mnozg sie
masowo w warunkach laboratoryjnych, ich calkowity rozwéj trwa zaledwie
-okoto 30 dni, istnieje wiec realna mozliwo§é uzycia chrzaszezy i larw tych gatun-
kéw do biclogicznego zwalczania ucigzliwych chwastow polnych.

PE3IOME

Vccnegopauust npesejgeno B 1966—1971 rr. wa nyry Arrhenatherelum elatioris
alchemilletosum B Concnosexoit Homune O#tnposckoro Hanmonansuoro ITapxa. B mo-
CIIEAYIOMUX IOJaX C anpesiss [0 OKTAOpPh, B T—30-IHEBHBLIX MHTEPBAJIAX M3yUEHO
6 Bunos wmuronocox: Cassida rubiginosa MULL. u C. vibex L. ua muctbax Cirsium
oleraceum (L.) Scor., O. viridis L. na mucteax Mentha longifolia (1) Hubps.,
0. flaveola THUNBG. Ha sucteax Stellaria graminea L., a Taryke BHe HCCiemyemoi
wiowanu C. hemisphaerica HBST. Ha muctbsax Silene nutans L. u O. prasina ILL.
na smcteax Achillea millefolivm L. Kpome toro semuch nHabmopenus 3a C. nebu-
Josa L. u C. nobilis L. ua muctesix Chenopodium album L. wa teppuropun napka,
a Taxoxe Hypocassida subferruginea SCHRNK. na jmctesax Convolvulus arvensis L.
BHE €ro IPeaesioB.

B pesysiprare NpoBENEHHBIX UCCIACAOBAHWNA MBI TO3HAKCMUIKCH C (DEHOJOTMEH 10—
ABJICHUST CTamuil pa3BuTusi LyproHocox (puc. 1). C. rubiginosa MULL. nossisiercst
pambine Bcex Ha Jyry, a C.wvtbexr L., C. viridis L. u C. flaveola THUNBG. npsure-
‘TAIOT MOOYEPEIHO B HEMACJIBHBIX HHTepBaiaxX. IIoSBIEHHE YKYKOB Ha JIYIy 3aBUCHUT OT
KJIMMATHYCCKHUX YCIIOBUI (TeMIeparypa, MHCOJSILES) M IPOMCXOOUT IIPU MAKCHMAJIb-
HOM TeMmeparype mpepblmaromei +13,0°C. Msmepenusi apeajia IUTATEBHBIX PacTe-
HUH IATOHOCOK Ha HCCIIEAyeMOM yJyacTKe, MpoBeleHHble B 1966, 1968 u 1970 rr.,
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OGHAPYIKIII OTUETITUBbIE KOIMUECTBEHHBIE NSMEHEHUS y 9TUX PACTCHUH (puc. 2—4),
BBI3BARHBIE HE KOLICHHEM Jiyra. IlepeyeHb KOPMOBBIX DACTEHHH IIATOHOCOK IPEI-
crapyieno Ha Tabiure 1. Y YKyKOB OTMEYAeTCs BECHOM MOIOJIHUTENIBHOE IHMTAHME, KO-
TOpoe OOyCIIABJIMBACT UX [O3PEBAHUE.

Komy Aamus y IUTOHOCOK, a4 TAKYKE OTKJIJKA SIMI IIPOMCXOJHUT IPH TEMIICpaTypax
npeppnmaomux 18,0°C, a oNTUMYM TEMIIEPATyp COCTaBJIAET 20,0—25,0°C. Orxiagka
STUL] HAUMHACTCST, KOI/A MPOIOJDKUTEIBHOCTD JIHA cocTapiiaer Gonpiie 15 JacoB (ra6. IT)
¥ YIPOOJDKACTCA OT Masi O NOJIOBHHBI aBrycra (cp. puc. 1). CpeHsst NpOOTATCIIb
HOCTH >KHSHM JKyKoB 1iuroHOocok (1ab. III) cocrapiser ox. 1 Troja, MUHUMAJIbHAsT
ox. 1 mecsina, maxcumanpHasg — mouru 4 roga y C. rubiginosa MULL., 3 rojay C. vi-
bew L. u O. viridis L., 2 roga y C. flaveola THUNBG. Camupbl YKABYT KOPOUE CaAMOK
¥ pasHuLpbI y 060ero noa xosebmorcs or 2 mecsues y . flaveola THUNBG. 70 HOUTH
2 ner y O. rubiginosa MULL. Vccienyemple BAABI IATOHOCOK NPUHAICKAT K TPYIITIC
ME30- ¥ IUrpOMHIBHBIK, IPOABIIAIOT JHEBHYIO PUTMHUKY aXTHBHOCTH, a TaKIKE CCO-
GEHHYIO CKIIOHHOCTB K COJIHCUHOMY CBETYy H OTUEIMBBIN IOJIOMKUTCILHEBIH DoTCraKcuc.

STHa MUTOHOCOK MOYKHO HAHTH, IVIABHBIM 00PasoM, Ha HHKHEIH CTOPOHE JIICTHEB
KOPMOBBIX pacTeHHi, a ux KojmdecTBo B wiaaxe y C. rubiginosa MULL. cocTaBJisieT
2—17 uryx, y C. vibex L. u C. flaveola THUNBG. 1—3 unyk, y C. viridis 1. 5—15
Ty, OMOPUOHAIBHOE PA3BUTUE B IIOJIEBBIX YCIOBHUAX IIPOIC/IKACTCA 11—33 jguen
(ra6. IV), a B maGoparopum 7—I17,5 nmeit (Tad. V). Ilepshle 9K3EMIUIAPDLI JIMYHHOK
BCTPEUaloTcs B KOHIE Mas i B Hauauge mioHs (cp. puc. 1). CBexce BRUIYIIHMBIIICCH
JMUHHKA TIMTAIOTCS. HA HIDKHEH CTOPOHE JIMCTHEB KOPMOBBIX PAaCTeHHi, KPOME TOro,
V HHUX BCTPEUACTCA T. Has. OOLIMTEJIBHOE IMTaHUE, KOTOPOE IIPOJOJIKACTCS MO KOHIA
Bropoit craguu. Jlmaunxu C. rubiginosa MULL., C. vibes L. u C. viridis Li. copacbisaror
JMHBKY HA NPOTSDKEHMM Beell CBoeil »ku3uu 5 pas (maras JIMHBKA JI0 KYKOJIKH)
a 0. flaveola THUNBG. mamb 4 pasa. Paseurne JITIMHOK HA MECTHOCTH IIPOJOJIKACTCH
B cpexuem 21,4—37,7 nueit (1ab. IV), B naboparopun — 14—31 numeit (1a6. V). Oky-
KJIMBAHME IPOMCXOIUT, [JIABHBIM 00pasoM, HA HIDKHEH CTOPOHE JIMCTHEB. Tlepuon
NPEAYHOIKUA B HOJIEBBIX YCJIOBHAX IPOAOIIYKACTCS 2—4.,5 numeit (1ab6. IV), B jabopa-
Topuu 2—3 aua (tab. V). PasBuTue KyKOJIOK HCCIIEOBaHHBIX BUJOB Ha MECTHOCTH
Kose6erca ot 7 go 11 jpueit (1a6. IV), B ma6oparopuu ot 5 1o 9 mueit (1ad. V). llepuog,
B TEUCHHE KOTOPOTo OOMTAIOT B MPUPOJIE MPENKYKOIKE ¥ KYKOJKH cocrapiuier 1—2,5
mecsima (cp. puc. 1). Pernaronnee BiusiHEE Ha PA3BUTHE [CHEPAIMH MMEIOT TEMIIEPATypa,
BIIAYKIOCTD 1 OCcaxu. Bech IUKII pasBUTHA B IPUPOJIE B CPeHEM IIpojtosnKaercst 50,6—
73,6 mueii (ta6. IV), B maboparopun 28—60,8 mueit (Ta6. V). V ucCieoBaHHBIX BUIOB
OTMCUCHO JIMIIb OJHO ITOKOJIEHHE B IOY.

IlepBble 9K3eMILTAPBI MOJOABIX umMaro . rubiginosa MULL. BCTpeyaoTcs B I pm
11 nonosude miona, C. vibex L. uacro Bo II mosoBHHE HIOJSI, & OCTAJIBHBIX BUIOB
B Hauaye aBrycra (cp. puc. 1). YV cBeyke BBUIYNMBIIMXCSI YKYKOB B TEUCHME IIEPBOIO
IS UX YKUSHH IPOMCXOUT H3MEHEHHE IIBETa KyTHKYJIbI IePEIHECTIMHKY M HaKPLIIH,
a TIOJHOE MOTeMHEHHe HAOJIOMAETCA JIMIIb IIOCJIE SHMMOBKM, HEMOCPENCTBEHHO IMEPeN
nepuojiom crapupanysi. Crpoenne o0pasa YKUPOBAHUA OYCHb XapaKTEPHOC JULT Kark-
Jloro BuAA. Y MOJOIBIX MMAro, KOTOpbIe HE JIOCTUIaioT I0JIOBOIO CO3PEBAHMS B IOAY
BBIIYIUICHUS OTMEUAeTCsi juanaysa. IIpmauHoi quanayspl ABJAETCSI M3MEHCHUC JUTHHBI
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MHS, 3 TAKXKEe KaueCcTBA KOPMa; HO O NEpHOfe €€ BRICTYIUIEHHS, CBA3AHHOM TECHO C MU-
Ipanueil Ha SMMOBKY, DEUIAIOT TEMIEPATypa, BIKHCCT M IIMHA [IHA.

Cesonnble Koe0aHUsT UMCIEHHOCTH CTaNuUil PA3BUTHS IUTOHOCOK B 1966—1971 TL4
B 3aBHUCHMOCTH OT KJIMMATHUYECKUX (aKkTopoB, IPEJCTaBIICHO HA PUCYHKax 5—10. Kose-
0aHHsA YHUCIIEHHOCTH TECHO CBSI3aHBI C BEJIMUYMHON TONYJIINUK YKYKOB (1ab. VI). Kon-
cratupoBaHo, urto C. rubiginosa MULL. moMusuMpylOmmii BUX M HAHOOJEEe MHOIMO-
uucner Ha yyry, C. vibex L. u C. wviridis L. HeMHOrouncieHuel, a . flaveola
THUNBG. — penxasi. KpuBble IJI0OBUTOCTY PA3IIIHOBO3DACTHBIX CAMOK H300parkeHpl
Ha pucynkax 8—10. KomruecTBo sAuIj, OTKIIA/BIBAEMOE B CPEHEM OHON CAMKGii LM~
TOHOCOK B Ipupoje npencrapieno na tab. VII, a B maGoparopum ma Ta6. VIIL. Ilno-
HOBUTOCTh CaMOK YMEHBINACTCSI BO BTOPOM M TDPETBEM IOMY MX JYKHU3HWU. HsmeneHust
CTCIICHY IIOTHOCTH CTa[Mi PasBUTUSA IMTOHOCOK B 1966, 1968 u 1970 rr. msoGparkeno
Ha 1ab. IX—XI. Cpenusst cTeneHs IJIOTHOCTH IIOILYJISLLUM CTapBIX YKYKOB PAaCTET BO-
IIPEKN YBEJIMYEHHUIO ITOBEPXHOCTH YUYACTKOB MX KOPMOBBIX DACTEHHI, 4 B OCTAJIBHBIX
CTajiAX PasBUTHS 9TH 3aKOHOMEPHOCTH OBIBAIOT PAaSIMUHbIC. AKTHBHOCTB JKYKOB 3a-
BHCHT OT AJMHBL JIHA, DU KOTOPOH IPOMSOIIIO BBIIyIIeHHe. UeM MO3ye IPOUSCIILIIo
TIOABIICHIE YKYKOB, TEM KOPOYe GBI CPOK MX aKTHBHOCTH. MUHEMaIBHBIC TeMIICpaTypbI
HmKe +13,0°C, YacThIE TYMAHBI M BO3PACTAIOL[As CTENEHb 3aTEMHEHHsI JIyId OCCHMUIO
CTHMYJIMPYIOIIEM 00pasoM BIJIMSIOT HAa MUIPAIUA JKYKOB B JICCHBIE PAHOHBI, Iie OHJ
SUMYIOT B IOJCTHIIKE HA IiyOune 5—8 cM. BecHol onm BosBpamarorcs us jeca ma JIyT.

Biusinme abuoriueckux (axTopor (TemmepaTypa, ocamku, BETEp) HA CTENeHb pe-
Aykuun stan ugobpaxkaer Ta6. XII. Cremens peayKLUHE OTHEBHBIX CTafyil PasBUTHS
IMUTOHOCOK B IPUPOAHBIX yCIOBHAX B 1969—1971 rr. mpencraBieno B taG. XIII.
Jlmayraxn I u IT crapgum peaynupyrorcest Ha 1 [3 abuornyeckumu (haxTopamy, a B 0CTAIb-
HBIX CTaJUAX MMEIOT 3nauenue OGuormueckue daxropsl. IlpoBenennsie 4 pasa (B 1968—
1972 rr.) KOHTPOIIM 3UMOBKH MOJIOIBIX UMAro B CYXCICJIBHCM JIECY, HA CKJIOHE C IOMKHOHU
oxcriosuipedt B CoHcrioBekoi [lonuue, Aanu BO3MOYKHOCT ONEHUTH CTEIICHb cmepr-
HOCTH YKYKOB 32 9TO0T nepuop (taba. XIV), a Taroke coCTaBUTh IS HHX TaOJMIly YKUSHE
(Ta6. XV). KOHCTAaTUPOBAHO OTUETIHBYIO TIOJIOYKUTEJIbHYIO KOPPENANKIO MEMKIY IpPH-
CYICTBHEM IONYJIANMY IIMTOHOCOK B IPE/EJIE apeata MX KOPMOBBIX DACTEHMI Ha Jyry
1 CTEIICHUIO MHCOJIIMY €r0 B TCYCHHE BETETAIIMOHHOro cesoHa (puc. 11—17). Maco-
JANUA CYMIECTEEHHO BIUAET HA BOSBPALIECHUE JKYKCB U3 3UMOBOK HA JIYI M MX CO3pe-
BaHHe B BECEHHUI NEPHOJI, CTHUMYJIHPYIOLIE BIMSET HA PASBUTHE JIMUMHOK K MU DALz
MOJIOABIX MMaro B PafOHBI 3UMOBKH.

Bruotnueckumu  axropamu pefyLUpYIOUe AeHCTBYIOIMMY HA UHCICHHOCTh 10—
IyJIALAA IIATOHOCOK, ABJIAIOTCA NapasuThbl (9HACTIAPA3UTHI, 00(hary), XUITHUKKA M MU~
Kpooprauusmbl. WX BHIOBON COCTaB, YCTAHOBIIEHHBIH DPasiIMUHBIMU aBTOPaMU IIPEH-
craByieno Ha Tab. XVI, a aropom macrosieit padoter B 1a6. XVII. Pernaromryo poss
B PEAYKIMH SNL IIUTOHOCOK HIPAIOT NAPasUTUUECKHE IIEPeNOHYATOKPhUIBIE (cp. Tal.
XVII), Ha UTO yKa3bIBAET CTENEHb IOPAYKEHHS SIHIT (cp. Tab. XVIII). Iporcutayio
AOJIIO OTACJIBHBIX BUIOB IEPEIOHYATOKPBLIBIX B PEAYKIMM S| I[UTOHOCOK B 1968—
1971 rr. npencraBneno B ta6. XIX. Passutie IIapasuTa NpogOJDKAJIOCh BCErIa NOJIbIIE,
IEM IEPHOJ SMOPMOHANBHOIO Pa3BUTHS ILIATOHOCOK (Tal. XX). Iosmas penyxuus
CTajuil PasBUTHSA LIUTOHOCOK, B OTHOIIEHMH K HCXOJTHOMY KOJIMYECTBY SIMI[, KOTOPBIE
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OCTaJIHCh 3MOPOBBIMU Ha PACTEHHUAX, OUEHD BBICOKAS U xoJiebiercss or 98,00 o 99,50%,.
Kpupast pemyximu crajmii passuris Haromunaer Oyxsy L. (puc. 18). IIponenTHbIi
YIeJI IPYIII PEAYIEHTOB B YHAUTOYXKCHMM JIMIMHOK M KyKOJIOK LIATOHOCOK B 1968—
1971 rr. obpasyer 1a6. XXI. Hanbopliyio pojib 3/1eCh UPAIOT IApasUTHYECKUE Mepe-
TIOHYATOKPBIIbIe. IIPOIEHTHBIH yIeT OTACJBHBIX BUIOB NEPENOHUATOKPBUILIX B HCTPE-
GiieHUH JIMUAHOK M KyKoJox u3obpaskaer tab. XIX. ITapasuThl OTKIIAfLIBAIOT B TEJIO
1mronocox of 1 o 65 swui. CyLeCTBEHHYIO POJIb B PEAYKIMM CTaJuil pasBUTHA LIUTO-
HOCOK MI'PAIOT HeMaTojbl. IIPONEHTHYIO JOJIO OTAEIBHBIX POINOB HEMATO] B PECAYKIMI
mpronocox npeacrapisier Tab. XXII. KommuecTso HEMaTo[l B OJHOM JIMYMHKE LIATO-
nocku kojebiercsa or 1 go 9 mTykK.

B 60JIBILIOH CTElleHd HA OTPAHMUCHUE UMCIICHHOCTH JIMUHHOK ILIUTOHOCOK BJIMSIOT
xumgaxn (cp. 1a6. XVII u XXI). Cpent HEX CHIIBHEHIIYIO PEYKIHIO JIMINHOK BBI-
3BIBATOT KJIOMbI U ocobenno Picromerus bidens 1. Omua mumda sroro xioma cocér
3a cyrku or 1 10 4 JTUYMHOK, a uMaro or 1 1o 6. KoHcrarupoBaHo TECHYIO 3aBHCHMOCTH
MEYKY BEJIMUMHOM TIPOIEHTHON JOIM OTAENBHLIX OMOTHYECKUX (aKTopoB B DEyKIHN
JmuuHOK 1 Kykosox (cp. 1ab. XXI), M KIMMATMUECKUMU YCJIOBUSIMA B OYEPEIHBIX
rojax mcciemopanmii (cp. puc. 7T—10). CremeHs pegyKUUyd UMAaro UMTOHOCOK I1apasu-
THUECKUMH JBYKPBUILIME u300pakaer Tabmmma XXITI. B 1966—1971 rr. mapasut
BBISBIBAJI CHIIBHOC ¥ PE3KOE MaIcHue KOJIMUecTBa cTaphix »yxoB C. rubiginosa MULL.
B pecennmit mepuogt (cp. puc. 5—10). UncieHHOCTs UMAro NEPEKUBAIOUMX B 1967—
1970 rr. cocrasisia s 5,00—15,009, (cp. Ta6. XXIII).

Besmuuny norpebnenust mamy (C), BbieeHnbx sxckpenmentos (FU) u  accumu-
sy (A) mmameox u mosopeix umaro C. rubiginose MULL. u C. vibex L. npex-
crapisger Ta0. XXIV. Temn moemanus KOpMa yABAuMBAaeTCA B OUCPEOHBIX CTaAUAX
pasBuTHS, 4 MAKCHMAJIBHAS KOHCYMILUS OTMeueHa B V cramuu passurusi. Ilosmas
ACCHMUITALIS HEOOXOUMAs IS TIOJIHOIO PAsBUTUA JIMUMHOK JIBYX BMJIOB 10Uty 4 pasa
HIDKe 4eM y MOJIoJIbIX mmaro. CofepykaHue BOIBL M CyXOM MacChl B CTa/iUAX Pa3BUTUSA
060NX BUIOB MUIIOCTPUPYET PHCYHOK 19, a Beamumby Kajnopuit 1 muronocku C. ru-
biginosa MULL. n (. wibew L. BO Bpems HX PaSBUTHUA — PHUCYHOK 20. Benmuuny
npomyxiun Tena (P) JTMIuHOK 1 MOJOIBIX HMaro oboux BHAOB mM3obpakaer Tab. XXV.
TIpupoct Guomacchl TeJa y OTJCIBHLIX CT[Ui OTIEITIMBO YBETMIUBACTCA C BO3PACTOM
JmapHoK. KpuBylo morpebnennst Kopma Ha (poHe KPUBOM POCTa Beca Tena B CTAIHAX
pasBuTHsL 000MX BH/IOB MIUIIOCTPUPYET PHUCYHOK 21.

BepunHy 9SHEpPreTHUECKOro OIO/PKETa, BBIPHKEHHYIO B KaJI[9K3EMIUIAD, INPEm-
crapnger 1a6. XXVI, a xoddduuuentsl 9HEPreTHYeCKOd NPOM3BOAUTEIFHOCTH Tab.
XXVIIL. Cpeguas Benmumxa xosduipmenta npousBomuresbrocta npoaykiuu (P/C)
V JMYUHOK 00OMX BHJOB BBILIE YeM Y MOJIOAbIX Mmaro. Koobduuwent accumusimm
(A/C) y mmamMHOK OUeHb BBICOK M B cpennem cocranser y O. rubiginosa MULL. 62,17%,
y 0. vibex L. 63,47%; y MOJOABIX UMAro 5ToT K09 UIHEHT emE BBINIE U COOTBET-
crpenno cocraBiszer 79,13% u 80,629%,. Cpemusaa Benmuuupa xoddduipenta apixa-
musa (R/C) y MONOABIX MMaro o0OMX BUJOB BJBOE BBINIE YeM Y JIMUMHOK.

Tlorpebienne Kucaopona Ha eauHuiy Oumomaccer Tenma (1ab. XXVIII) mambosee
BBICOKOE B IIEPBOM CTAJUH PASBUTHS JIMUMHKY y 000MX BHJIOB; BEJMYHUHA €r0 IOCTE-
IIeHHo TANAeT BMECTE C POCTOM Beca Tejla IKIEMIUIAPOB M MUHMMYMA JOCTHIaeT IIPH



392

JHuarays3e, a 3aTeM pacrér y CBeYKe BBUIYNMBIINXCS MMAaro, a Iocie 45 JHEBHOM »KUIHW
HE3HAUMTENILHO NafgaeT. I'padmueckuil Xom 9TMX M3MEHEHHH IOKA3bIBaeT PUCYHOK 22.
3arpatel 9HEpruM B TeueHwe 24 yacoB (cp. Tab. XXVIII) y MONOmBIX MMaro oBomx
BUJIOB TIOYTH BJBOE BBIIIE MaKCHMAIbHBIX 3aTpaT JIMYHHOK. Bo Bpems pasButus or
BBUIYIJIEHHS C AlIa 0 MOsIBIeHUs: umaro (cp. 1a6. XXVIII) — C. rubiginosa MULL.
ynorpebister 30990,96 mm® O, (151,7 xan), a C. vibex L. 31925,52 mm3 O, (156,3 Kaur).
3arparbl SHEPIUM y MOJIOMBIX HMAro B TeueHne 45 IHEBHOI YKU3HU COCTABIIAIOT y Iep-
Bo#t 385,0 xay, y BTOpOM — H14,4 Kai.

Koncratuposano, uro O. rubiginosa MULL. u C. vibex L. TOBPEKIAIOT CHIIBHO
Cirsium. arvense (L.) Scop.; C. viridis L. c ycnexom mospexxgaer Mentha arven-
sis L., Stachys palustris L. u Galeopsis pubescens Buss., a (. flaveola THUNBG. —
Stellaria media VILL. Kpome Toro xoscratuposano, urto (. nebulosa L. u C. no-
bilis L., rnaBupin o6pasom, yamuroxxaror Chenopodium album L., pemxo u HesHa-
unTensHo Beta vulgaris L.; sato H. subferruginea SCHRNK. PEIMTEIBHO HOBPEYKIAET
Convolvulus arvensis L. IuroHOCKH 4 NEPBBIX BHIAOB B JaGOPATOPHBIX YCIIOBHSIX
MaccoBO PasMHOKaroTCs.’ ITorHOe MX pasBuTHME NPOMOIHKAETCSA JIMIIL OKOJI0 30 IHeid.
CyuiectByer peanbHas BO3MOXKHOCTh MCHIOJB30BAHMSA YKYKOB M JIMUMHOK 9THX BHIOB
B OmoOIOrMyecKon 6opnbe C COPHAKAMH.

Uncruryr Oxpausl Ilpupoasr IIAH B Kpaxose
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Plate XXI

A — General view of the Saspowska Valley in the Ojeéw National Park. The study area on
the meadow Arrhenatheretum elatioris alchemilletosum is marked by an arrow, B — General
view of the study area (July 4. 1970), C — Cirsium oleracewm (L.) Scop. — the host plant of
Cassida rubiginose MULL. and of C. vibex L., D — Mentha longifolia (L.) Hups. — the host
plant of O. viridis L., E — Stellaiia graminea L.— the host plant of C. flaveola THUNBG.
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Plate XXII

Development stages of Cassida rubiginosa MULL. A — egg batches, B — larvae, C — pupae,
D — imagines
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Plate XXIII

Development stages of Cassida vibex 1.. — A — egg batches, B — larva, C — pupae, D — ima-

gines
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Plate XXIV

batches, B — larvae and pupa, C — imagines, D — egg, larvae, pupa, imago

Development stages of Cassida viridis L. (A, B, C) and of 0. flaveola TruNne. (D). A —egg
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Plate XXV

Leaves of host plants damaged by old imagines of Cussida rubiginosa MLy, (A, B) and of
C. vibex L. (C. D): (1) Cirsium oleracewm (1..) Scor., (2) Cirsium rivulare (JAacQ.) ALL., (3) Cir-
siwm arvense (L.) Scor., (4) Cirsium lanceolatum (1..) Scorp., (5) Cirstum palustre (1..) Scor.,

(6) Carduus acanthoides L., (7) Arctium lappa L., (8) Uentawrea jacea 1

Ui
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Plate XXVI

Leaves of host plants damaged by old imagines of Cassida viridis L. (A, B) and of O. flaveola

Tuunge. (C. D): (1) Mentha longifolia (L.) Hups., (2) Mentha aquatica L., (3) Mentha arven-

sis L., (4) Stachys silvatica L., (5) Galeopsis pubescens BEss., (1a) Stellaria graminea L., (2a)
Stellaria nemorum L., 3(a) Stellaria media VILL.
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Plate XXVII

Leaves of host plants damaged by larvae of Cassida rubiginosa MULL. (A, B., C): (1) Cirsium

oleracewm (I..) Scor. (I-—V — successive larval instars), (2) Cirsium rivulare (Jacq.) ALL.,

(3) Cirsium arvense (L..) Scor., (4) Cirsium lanceolatum (1..) Scop., (5) Cirsium palustre (L.)
Scor., (6) Carduus acanthoides L., (7) Arclium lappa 1., (8) Sonchus arvensis L.
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Plate XXVIII

Leaves of host plants damaged by larvae of Cassida vibex 1. (A, B, C): (1) Cirsium oleracewm

(L) Scop. (I—V — successive larval instars), (2) Cirsium rivulare (JAcQ.) ALL., (3) Cirsium

arvense (1..) Scor., (4) Cirsium lanceolatum (L.) Scor., (5) Cirsium palustre (L.) Scor., (6) Car-
dwus acanthoides 1., (7) Arvetium lappa 1., (8) Centaurea jacea 1..
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Plate XXIX

Leaves of host plants damaged by larvae of Cassida viridis L. (A, B) and of (. flaveola TiuNB.
(C, D): (1) Mentha longifolia (I..) Hups. (I—V — successive larval instars), (2) Mentha aqua-
tica L., (3) Mentha arvensis 1., (4) Stachys silvatica 1., (5) Stachys palustris 1., (6) Galeopsis
pubescens BEss., (7) Galeopsis letrahil 1., (1a) Stellaria graminea 1. (I-—IV —— successive larval
instars), (2a) Stellaria nemorum L., (3a) Stellaria media ViLL., (4a) Cerastium vulgatum 1.
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Plate XXX

Leaves of host plants damaged by young imagines of Cassida rubiginosa MULL. (A, B) and of

0. vibex L. (C, D): (1) Cirsium oleracewm (L.) Scop., (2) Cirsium rivulare (JacQ.) ALL., (3) Cir-

sium arvense (L.) Scop., (4) Cirsium lanceolatum (L.) Scop., (5) Cirsium palustre (L) Scop.,
(6) Carduus acanthoides L., (7) Arctium lappa L., (8) CUenlaurea jacea L.
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Plate XXXI

Leaves of host plants damaged by young imagines of Cassida viridis L. (A, B) and of C. flaveola

TuunsG. (C, D): (1) Mentha longifolia (L.) Hups., (2) Mentha aquatica L., (3) Mentha arvensis ..,

(4) Stachys silvatica 1., (5) Stachys palustris L., (6) Galeopsis pubescens Brss., (1) Galeopsis

tetralit L., (1a) Stellaria graminea L., (2a) Stellaria nemorum L., (3a) Stellaria media VILL.,
(4a) Cerastium vulgatum L.
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Plate XXXII

Parasites and predators preying upon the investigated cassid species. A — larva of Cassida

viridis L. attacked by parasitic Hymenoptera (Chalcidoidea), B — (1) a dead imago of Cassida

rubiginosa MULL. and (2) its parasite Dufouria chalybeata Muic. (Diplera), (3) a nematode

Hexamermis sp. (Nematodes) — the parasite of larvae and of imagines, (4) a predatory bug

Picromerus bidens L. (Hemiplera) attacks the larvae, C — a nematode Hexamermis sp. (Nema-
todes) (enlarged x 10)
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Plate XXXIII

Leaves of host plants damaged by old imagines (a), by larvae (b), by young imagines (¢) of

Cassida rubiginosa MULL. (A, C), of C. vibex L. (B, C), of C. viridis L. (D) and of O. flaveola

TrUNBG. (E): (1) Cirsiwum arvense (L.) Scor., (2) Mentha arvensis L., (3) Galeopsis pubescens
Brss., (4) Stachys palustris L., (5) Stellaria media VILL.
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