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Abstiact: In 4- to I3-day clhiek embryoz with expermmentally indueible and standardly
reproducible malformation of the head and brain, the authors studied the development of the
basc of the skull and the notochord and found that the experimental operation produced uniform
results and 1/gard it a3 & switable modsl for the study of cansal seguenees of expermentsal embryo-

logy.

A spiral course of the notochord i the base of the skull and contact of the notochord both
with the roof of the pharynx and the floor of the brain are typical for embryos with experimental
exencephaba. The posterior half of the base of the gkull s only irregularly attenuated, while
the anteror half 13 severely shortened and turns up.

INTRODUCTION

Exencephalia is a malformation of the central nervous system and the
head, which can be imitated in chick embryos by performing a relatively
easy microsurgical operation (Jelinek, 1959, 1960). The method is simple,
can be standardized and vields uniform results. The principle of the operation
is to form a cerebrospinal fisvula, which, at the crucial time, compeusates
the pressurc difference between the ventricular system of the brain and the
amniotie cavity (slight overpressure in the brain vesicles is essential for their
normal development — Jelinek and Pexieder, 1868, 1970; Pexieder and
Jelinek, 1970). The best time for the experimental operation is the 4th day
of embryogenesis. After localizing the embryo by illumination, we open the
egg by the usual window technigue, gain access to the amniotic cavity by
perforating the residue of the vitelline membrane with two well-sharpened
tweezers and look for the tiny avascular field in the roof of the rhombence-
phalon (the area membranacea ventriculi IV). With the points of the tweezers
we perforate the roof of the 4th ventricle in the centre of the avascular field
and expand the opening ventrodorsally. Owing to the drop in intraventri-
cular pressure, the brain vesicles collapse (Jelinek, 1961; Klika and
Jelinek, 1962), the mesenchyme over the brain convexity is disorganized
and thins out and the whole process culminates in inhibition of desmogenic
pssification of the neurocranium (Jelinek and Klika, 1961; Klika and
Jelinek, 1961a). Since growth of the brain vesicles causes the skin defect
over the operation site to widen as far as the telencephalic hemispheres, from
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the 8th day of incubation the brain’s sole covering is a coherent layer of
fibroblasts (Klika and Jelinek, 1961b})

Experimental exencephalia is thus so well elaborated that it can be used
as a model malformation for studying morphogenetic interactions of the
organ primordia of the head Inour preceding study (Doskoc¢il and Jelinek,
1974), we investigated the development of the pituitary in embryos with
experimental exencephalia In this study we noticed striking changes in the
base of the skull and a peculiar course of the notochord. We therefore paid
gpecial attention to this question and submit the results of our observations
in the present communiecation.

MATERIAL AND METHODS

We treated 26 complete series of histologcal sectiona of the heads of 4- to 13-day chick embryos
with experimental exeneephalia. We studied the configuration and proportions of the base of the
skull, the course of the notochord and 1ts relationship to the base of the skull, the roof of the
brean, the pitwtery and the roof of the pharynx. The operation on the embryos was performed
by the method deseribed 1n earlier papers (Jelinek, 19569, 19860),

The eontrols were a seres of normal chick emmbryos treated by Dozkoéi] {in the monograph
published 1970, which gives a list of the author's earlier papers on this subject, we can also
find most of the relevant figures). We chose embryos corresponding to these as nearly as possible,
as regards both age and differentiation of the pitwmitary region For this type of comparison we
found the degree of differentiation to be a more satisfactory ertenion than the ehionoclogical
age of the embryo

From the 6th to the 10th day of inenbation, we always allocated a control embryo, of the
nearest possible age and degree of dufferentiation, to each exencephehe embryo Using an Abbe
apparatus and a constent system, 1n both sets of sections (experimental and normal) we traced
the contours of the floor of the bramn and compared them.

RESULTS

Before beginning the study proper, we verified whether the experimetntal
treatment actually produced typical exencephalia. In the roof of the fourth
ventricle we always found a defect gaping info the amniotic cavity The
brain vesicles were collapsed and shrunken and the normal integument of
the cranial vault was missing. Our embryos thus clearly had experimentally
induced exencephalia characterized by a defect in the roof of the fourth
ventricle, shrinkage of the brain vesicles and absence of the bony ecranium,

In verified embryos we studied the configuration of the base of the skull
and the course of the notochord, Fig. 1 shows a sagittal section in the area
of the upper cervical spine (bottom right) and at the level of the foramen
magnum. In this region, the cartilaginous primordia of the cervical vertebrae
are arranged normally and the notochord is wide and follows the axis of the
cartilaginous spinal eolumn Popova-Latkina (1861) points out that in
normal human embryos also, the notochord is widest precisely in the cervical
region, Any anomalies in the construction of the axial skeleton in our embryos
were thus confined to the skull.

The base of the skull in exencephalic embryos displayed typical anomalies
compared with the controls Fig. 2 shows a sagittal section of the base of the
skull between the foramen magnum (bottom left) and the dorsum sellae
(top right). The cartilaginous primordium of the base of the skull does not
form a regular plate, but is much thinner towards the posterior wall of the
pharynx. The notochord is twisted and the irregularities in its thickness are
caused by its deviation from the plane of the sections. If we evaluate the
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entire series of sections as a whole, we find that the notochord is the same
thickness throughout and that it forms a slightly irregular spiral. Fig. 3,
which illustrates the most rostral part of the notochord, shows its mpiral
course and its typical termination on the dorsal surface of the adenohypo-
physis. In normal embryos of this age it is the rule for the notochord to pass
through the dorsum sellae and terminate on the adenohypophysis, but in
exencephalis embryos it was the exception. In this case the notochord pas-
ged normally through the dorsum sellae, but in most cases we found an
anomalons relationship between the notochord and the cartilaginous base.
In Fig. 4, the notochord reaches the under surface of the base of the skull at
a thin spot and this brings it into close contact with the pharynx (the semi-
Junar cavity bottom right).

In other cases (or in another segment of the notochord in the same case)
the notochord leads to the upper surface of the cartilaginous base of the skull,
so that it lies directly below the floor of the brain (Fig. 4).

The normal relationship between the notochord and the dorsum sellae is
usually impaired in exencephalic embryos. The notochord liez on the dorsal
surface of the dorsum sellae, just below the perichondrium (Fig. 6). In some
cages it even skirts the dorsum sellae by coiling itself round its upper margin
(Fig. 7). The situation detected in this figure further shows premature sings
of incipient regression of the notochord (at least two days sconer than normal).

Fig. 8 shows an extremely atypical situation in a 13-day embryo. The
notochord hes in the perichondrium of the cartilage forming the dorsum
sellae; its rostral end is already being resorbed and is sharply pointed and
its leading end lies on the dorsal surface of the dorsum sellae.

The atypical shape of the pituitary and the altered topographical relation-
ships between the pituitary and the floor of the brain described in our last
paper (Doskod¢il and Jelinek, 1974) led us finally to investigate changes
in the configuration of the floor of the brain as a whole. When we compared

7de

Fig. 9. Contours of base of skull in pormal embryo {unbroken line) and exencephalic embryo
{broken line), Median section, C — optic chiasma, H — sella turcica. Tth d.e.
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the contours of the floor of the brain, in the median planc, in normal and
exencephalic embryos (of the same age and degree of differentiation) by the
previously described method, we found (Fig. 9) that the posterior parts,
up o and including the dorsum, were the same, so that they acted as fixed
points for comparison. In exencephalic embryos the pituitary region was
shortened and the pituitary was compressed between the dorsum sellas and
the chiasma and often actually touched it. The greatest changes occurred
in the anterior part of the floor of the brain, rostrally from the chiasma.
This part was severely shortened and was tilted upwards. The picture was
typical and constant The base of the skull followed the configuration of the
floor of the brain more or less exactly. 1t was likewise shortened and anteriorly
tilted, while posteriorly its configuration was normal.

DISCUSSION

In study of the configuration of the base of the skull and the course of the
notochord in embryos with experimental exencephalia, two facts were parti-
cularly striking:

1. Although the operation was performed on the roof of the #th ventricle,
i.e. in the posterior part of the head, malformation occurred explicitly in the
anterior half of the base of the gkull and brain, We regard this as evidence
that local frauma was not the actual cause of malformation. The operation
altered pressure relationships inside the brain vesicles, thereby leading to
shrinkage of the vesicles and fo further pathological development of the
central nervous system, which was most pronounced in the telencephalic area.
We therefore regard the changes in the base of the skull as secondary and
dependent on malformation of the brain. Posteriorly, the configuration and
size of the base are normal, but it is irrcgularly attenuated; the changes are
thus only quantitative.

2. The course of the notochord in the base of the skull of exencephalic
embryos is aty plca,l it is undulating or forms an irregular spiral and does
not follow the axis of the (artllamnuus primordium of the base of the skull.
Popova-Latkina {1961) states that the nofochord, in human embryos,
runs through the base of the skull close to its under (ie. outer) surface,
that is to say, it does not follow its axis. Minot (1897, 1907) already de-
seribed the course of the notochord in human embryos as undulating to
spiral. Baur (1967) studied this question in mammalian embryos and came
to the conclusion that these findings were artefacts formed during the pre-
paration of histological sections. We are convinced that in our case they
are not artefacts, since nowhere is the notochord detached from the surround-
ing cartilage does not display the slightest irregularities which could be as-
cribed to shrmka.ge during dehvdratlon of the material. The phenomenon is
very striking. Since irregular organization of the posterior part of the carti-
laginous base of the skull and the course of the notochord and malformation
of the anterior part of the base of the skull are both confined to areas in
contact with the deformed part of the central nervous system, we are of the
opinion that they are the secondary outcome of malformation of the brain,
which in turn is due to absence of the morphogenetic function of the ence-
phalic fluid pressure This view is supported by the fact that the notochord,
the spinal cord and the vertebral primordia in the cervical area are normally
formed.
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In recent vears, 8lipka (1971, 1972a, 1972b, 1974} has studied the devel-
opment of the notochord from the comparative aspect,

He found that the notochord could run through the cartilaginous base
of the skull, or partly over its cerebral or pharyngeal surface. If we adopt
Slinka's verv neat nomenclature, the course of the notochord in exence-
phalic chick embryos can be characterized as a combination of suprabasal
and subbasal, while in normal embrvos it is intrabasal.

In our opinion, there are two possible, completely hypothetical, explana-
tions for the anomalous course of the notochord in relation to the base of
the skull in exencephalic chick embryos: either the notochord originally
follows a normal course and only the base of the skull is deformed, i.e, it
does not develop evenly on all sides of the axis represented by the notochord,
or else the two formations are developmentally less dependent upon each
other than is commonly supposed. Because of the irregularities in the posterior
half of the base of the skull, we incline to the former view. We should not
forget that the experimental operation is not performed until the third day
of incubation, i.c. when the elcmentary relationships of the axial structures
of the head have not only been founded, but are already largely fixed.
The spiral course of the notochord and its irregular relationship to the base
of the skull should therefore be regarded as an adaptation originating from
the impaired growth relationships of the brain vesicles and the adjacent
megodermal structures. This concept likewise fits our findings of an irregular
conrge of the notochord in segments of experimentally induced myeloschisis,
which are shorter than the corresponding control segments (Jelinek, 1968,
unpublished results),

The relationship of the notochord to (he dorsum sellae is a specific one.
In noimal embryos. the notochord deseribes an are through the dorsum and
terminates in front of its ventral surface near the pituitary. Doskodil
(1970} deseribed changes in the position of the leading end of the cord during
normal development of the chick embryo and a.ttempted to explain them.
In exencephalic embryos, the notochord encircles the dorsum, so that it
crosses its dorsal surface and sometimes skirts its upper margin. Our only
explanation for this is that the dorsum develops later, at a time when the
relationship of the notochord to the pituitary and to the deformed primor-
dium of the central nervour system is already fixed.

The atypical course of the notochord in embryos with exencephalia some-
what resembles the situation in Larerta agilie, in which, according to Gawri-
lenko (1926), the notochord is just above the foregut grows forwards and
curls round the ventral end of the gut, The course of the notochord in exence-
phalic embryos has a paralle] in the normal development of the notochord
and the base of the skull in a number of vertebrates (Slipka, 1974) and
further, by analogy. offers a fairly logical explanation for the position of
tumours originating from notochord residues in man, as described by
Jedlicka (1954),

The malformation of the anterior half of the base of the skull was the most
striking finding in this study, in which it was constant and uniform. A¢ first
glance, the anterior half of the base of the skull appeared to be shortened
to half the normal length. That was not exactly the case, however, since
although the base was severely shortened, it was also tilted upwards. Mal-
fromation of the base was also associated with malformation of the upper
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mandible and the orbit, which will be discussed separately. Study of the
malformation of this part of the gkull inevitably brings a bulldog’s skull
to mind. Malformation of the base of the skull and of the floor of the brain
go hand in hand, but we regard the former as secondary and determined
by the malformation of the brain.

SUMMARY

The authors studied the configuration of the base of the gkull and the
course of the notochord in chick embryos with experimental exencephalia.
Their findings were as follows:

1. The posterior half of the base of the skull had a normal form and was
only irregularly attenuated.

2. In the cranial segment, the notochord followed an irregular spiral course;
in places it broke through to the under surface of the cartilaginous base and
came into contact with the pharynx. Sometimes it broke through to the upper
surface and came into contact with the floor of the brain.

3. At times, the notochord actually led over the dorsum sellae instead of
through it.

4, The relationship of the rostral end of the notochord to the pituitary
was practically the same as in normal embryos. The small differences compar-
ed with normal were due to unequal delays in the development of the various
components of the pituitary region.

5, The anterior half of the base of the skull and floor of the brain was
severaly deformed,
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Abstract: The author deal: with the occurrence nf I'ar Bast plantivorous species Cienc-
pharyngodon idella, Hypophthatmichthys molitrix and Aristichthys nobilis in the Danube river
and disusses the possibility of their natural reproduction here. He states that the onvironmental
conditions of the Danube river, mainly the coincidence between the rising of the water levol,
coneentration of suspended solids and temperature as well agree with those elaimed for the rivers
of natural distribution of these fishes and rivers in which the natural reproduection after intro-
duction was stated, Although the spawrnng of these fishes in the Danube river was not ohserved
yet the records of grass carp with developed gonads suggest that the natural propagation is
possible, and that the plantivorous species, masnly the grass carp are probably at the first stage
of acclimatization. Possible negative effeet of acolimated species on the native fish fauna is also
mentioned.

INTRODUCTION

The first introduction of plantivorous fishes into the Danube river drainage
of the Danubian countries was in Roumania in 1960, followed by Hungary
and Yugoslavia in 1963, Bulgaria and Austria in 1964, ('zechoslovakia 1965,
and in USSR in 1971%) (Nicolau, 1962: Dinkov and Karakasev, 1964;
Berinkey, 1966: Djisalov, 1968; Krotov and Kukuradze, 1972;
Putschiogl, 1972; Weber in litt., 1974). Most were the grass carp (Cleno-
pharyngodon idella) and the silver carp (Hypophthalmichiys molitriz) and
in addition the bighead carp (Aristichthys nobilis J**) with the black or snail
carp ( Mylopharyngodon piceus J*¥*) were imported and used in farm fishery.

From all Danubian countries only Austria realizes the introduction of the
grass carp directly into the main stream or backwaters connected with the
Danube, in all other countries which are the members of International
Agreement on the Fishing in the Danube introductions were made only into

*) Tn USSR the firat introduetions of the grass carp were realized already in 1949, but the
fish was planted into water bodies belonging te Volga river basin (Burmakin, 1963). Firat
ntroduetion tnto the elosed lakes of the Danubian delta in the tervitory of USSR was realized
probably not earlier that in 1871 (Krotov and Kukuradze, Le.), Similarly in Czrehoslovakia
the first introduction of the grass carp was performed in 1861, but the planting of fish into the
water bodies of the Danube basin has been realized four years lator.

**) These twao speciea feed on zooplankton and benthos respectively, but for convenience are
also here placed together with the grass carp and silver carp under the common name “planti-
vorous species”,
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fishery farms. Some exceptions are the USSR, Roumania and Hungary which
are introducing the plantivorous species, mostly the grass carp and silver
carp, into suitable arms and lakes cut off from the main stream, and Czecho-
slovakia, which plants the grass cacp into few distant channels not connected
with the Danube. Already in 1966 the first specimens of the grass carp were
recorded in the catches from the Danube (Toth, 1971; Anonymous, 1971).
From that time the catch of both the grass carp and silver carp in Danube
was regularly observed (Anonymous, 1972a, b, ¢, 1973a, b, Niculescu-
-Duvez and Tabacopol, 1973; Djisalov and Pesi¢, 1973; Balon, 1968;
Holéik, 1969; 1970; Holéik and Par, 1970; Holéik and Geezd, 1973)
in the middle and lower stretch. Since the guestion of natural reproduction
of these specics is subject of contradietive discussions of ichthvologists from
Danubian countries joined in the International Agreement on the Fishing
m the Danube river, the purpose of this paper is to contribute to this problem
by analyzing of the environmental conditions of the Danube river and avail-
able data on the records of adult fishes. Special attention is paid to the
Czechoslovak-Hungarian stretch of the Danube, from which all necessary
data could he only gathered and which seems to be the upper range of the
possible spawning area of the above mentioned species.

OCCURENCE OF PLANTIVOROUS VISHES IN THE DANUBE RIVER

Although the problems connecting with acclimatization of plantivorous
species in the Danubc basin are of prime importance, there are only scarce
data on their presence in the Danube river and much more attention has
benn paid to their breeding in fish farms. This fact is, to some extent, very
surprising, mainly in Roumania which 1s considered to have been the first
country that introduced all three speies and planted them in a mass secale
into the water bodies cut-off from the main stream, chiefly in the ternotory
of the Danube delta. Roumanian official statistics introduces the catch of
grass carp, silver carp and also the bighead carp taken in the Danube river,
but the data concern only the above mentioned closed waters and not the
main stream Acecerding to these statistics (published regularly in Materials
of the Joined Commigion of the International Agreement on the Fishing
on the Danube since 1958) first data on the eatch of grass carp in the Rou
manian seetion of the Danube river appeared only in 1966, when 2,000 kilo-
grams were reported. From that year the cateh of plantivorous species in
Roumanian waters shows the increasing trend and in 1973 more than 3 mil-
lion kilograms weve taken. In this year for the first time also the catch from
the Danube proper is introduced yielding 24,731 kg of plantivorous species
without giving the exact species composition and place of capture (Nicu-
lescu-Duvez and Tabacopol, 1970). This figure is in sharp contrast with
the previous reports from Roumania according to which only single specimens
of plantivorous fish, mainly the grass carp, are caught in Roumanian stretch
of the Danuble river (Anonymous, 1972c; Radu, 1973).

From the Soviet section of the Danube, which covers practically only the
Kilia arms of the delta, only single records are reported. According to Vino-
gradov (1974), only 8 specimens of the grass carp were taken in September
1973 weighing 400— 760 grams and ageing 2+ — 3 years, and one specimen
of the bighead carp, caught in May 1973, measuring 51 em and ageing 3 years.
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In more upstream situated countries, however, there are more records
from the Danube proper and in contrast with Roumania more serious stat-
istics are given. Published data allowed us to construct a table (Tab. I),
which gives the catch of plantivorous species in Bulgaria, Yugoslavia, Hun-
gary and Czechoslovakia.

In Bulgaria there is almost exclusively the grass carp, which appeared
firstly in 1970 in a considerable number. From that time the catch shows
more or less decreasing trend, dropping from initial 1,177 kg in 1970 to
555 kg in 1973, Report of Bulgaria on the fishing results in 1973 introduces
that “together with grass carp also the silver carp is present, though in a
neglible amount™ (Anynomous, 1974a). Most fish were caght in the lower
part of Bulgarian section, between Silistra and Vidin, with decreasing trend
in upstream direction (Anonymous, 1873b).

Yugoslavian statisties introduce the plantivorous species as early as in
1969, when first specimens appeared, but the figures on catch were not
recorded, similarly as in 1970. From 1971 the ecatch increases continuounsly
{tab. T) and almost equally it is divided between the grass carp and the silver
carp. Records originated mostly from the Yugoslavian-Roumanian and
Yugoslavian-Hungarian boundaries.

After Roumania Hungary is the only country which plants plantivorous
fishes in a mass scale into the Danubian arms cut-off from the main stream.
The catch of grass carp and silver carp from these water bodies yielded the
following ﬁguras in particular years: 1969 — 5,534 kg, 1970 — 11,099 kg,
1971 — 12,103 kg, 1972 — 24,508 kg and in 1973 60,5690 kg of pla,ntlvorous
fishes. Records from the Danube proper were summarized by Téth (1971)
and Jaczd (1974).

Aeccording to these authors the first specimens of the grass carp were
caught already in 1966. From that time the records are more numerous
ranging from 11 to 667 kg per year, composed mostly of the grass carp and
only single specimens of the silver carp. Practically the whole Hungarian
stretch of the river is now inhabited by plantivorous species. As follows from
the table introduced by Toth (l.e.) while in 1966 the grass carp was taken
only between Paks and Réicalmas (river kilometer 1531 —1587). in 1969 to
1970 most fishes originated from the upstream part of the river between
Helemba (Chlaba) and T4t (river kilometer 1712—1724). The single silver carp
record in 1969 was caught near Yugoslavian border at Apatin (r, km. 1401).

In Czechoslovakia, all three species were taken under consideration, but
also here mostly grass carp appears. In contrast to other countries, some of
caught fish were more thoroughly studied here (Balon, 1968; Holéik, 1569,
1970; Holéik and Par, 1970; Holéik and Geczd, 1973). In comparison
with other Danubian countries, where the plantivorous species are known
only from the Danube proper, in Czechoslovakia particular species were
taken also in major tributaries of the Denube i.e. in the rivers Hron, Vih
and Morava. A short survey of fishes which were positively identified are
summarized in Table 11. The fishery statistics on the catch of grass carp show
a rapidly increasing trend in the last two years (Tab.II). From my own
experience 1 can say, however, that the real catch must be higher because
many fishermen and anglers do not distinguish the grass carp from the big
specimens of chub Leuciscus cephalus). Moreover, the figures for Czecho-
slovakia presented in Table 11 represent the catch of anglers only — statistics
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Table 11, List of the findings of the grass earp, silver carp and bighead carp in the Czechoslovak
streteh of the Danube river and 1ts tributares. Introduced only trustworthy 1dentified or studied

specimens,
Date Species Pubhiehed by
of eapture {locality. sex, standard length, weight, age)
Ctenapharyngodon idella
11. 5. 1867 Danube river (17491}), juv. fernale, 404 mm, 1.5 Lg, 2+ Balon, 1968
10. 7. 1967 Danube niver (1717), juv,, 404 mm, 1.7 kg, 2+ Balon, 1968
10. 9. 1968 1JMorava river (8.2), juv. male, 499 mm, 2 3 kg, 3+ Holéik, 1969
15 10, 1969 Hron mver (30}, sex?,, 520 mm, 2 8 kg, age? new data
23. 8. 1969 Morava niver (8), juv male, 467 mm, 1.7 kg, 3+ new data
30. 6.1971 Danube niver (1739), juv. male, 158 mm, age? Zitiian, 1972
14. 7. 1971 Hron nver (62), sex?, 622 mm, 4.4 kg, agn? new data
Sept. 1971  Vih river (7), adult femals, 880 mm, 7.1 kg, age? Bastl, 1874
August 1972 Morava river (3}, adult male, 850 mm, 11.2 kg, age? new data
Hypothalmichihys moltric
13 7. 1868 Danube niver (1749), juv male, 396 mm. 1 2 kg, 20 Holsik, and
Par, 1970
Arstchthys nobibis
14,11 1971 Vih nver (1), Juv., 205 mm, 0.2 hg, 11 Hollik and
Geezo, 1973

1) fignres i brackets mean river kilometer, checked fiom the mouth of Danube inte the Black
Sea, or from mouth of respeetive rivers mto the Danube river,

of the commercial fishery do not consider the grass carp or any other planti-
vorous fish, though at least the grass carp is regularly caught (Mr. Kronauer,
pers. comm.) It ean thercfore be presumed that the total eatch of the grass
carp only along the Czechoslovak shore of the Danube river varies at least
between 500 and 1,000 kg yearly, The fish recorded from the rivers Morava,
Vih and Hron arrived here from the Danube, while those from the Danube
proper are represented by specimens which escaped from fish farms or other
water bodies in Hungary or from Austrian reach. It is noteworthy that the
grass carp penetrated into the Czechoslovak Danubian tributaries rather
high upstream as detcrmined from fish weighmg 4.4 kg caught i the Hron
river at the vicinity of Kélna nad Hronom, i.e. 62 km from the mouth of the
river into the Danube.

From Austria there are no published observations, but according to Weber
(letter of March 3, 1974) the grass carp as well as the silver carp were recorded
here. The first gpecies was taken several times in the stretch of the Danube
river between Hainburg (r.km. 1882) and Aschach (r. km. 2203), and also
in the Austrian part of the Morava river at Marchegg. The silver carp was
canght only once near Vienna.

The share of the plantivorous species in the total cateh of fish varies
considerably, but from the data presentedin Table I it can be seen, that in
the Czechoslovak, Hungarian and Yugoeslav parts of the river, ie. in the
middle Danube, it seers to be higher than in the lower one, if the Roumanian
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catch of 23 tons of plantivorous fishes reported for 1973 originated actually
from the Danube proper, then their share on the total Roumanian vield is
only .199%,, i.e. less than in Czechoslovakia for the same year. It gseems, that
the fishes perform upstream migrations, as follows also from the occurrence
of grass carp in some bigger tributaries of the Danube on the Czechoslovak
territory, as already mentioned above.

Obviously the presence of these exotic species in the Danube can be expla-
ined by their escaping through various ways from hatcheries, fish farms and
the Danubian backwaters and lakes where they are bred. This esgcaping is
most likely from the last mentioned water bodies situated near the main
stream. Although normally they are not connected with the Danube proper,
this connection is renewed in years with abnormal floods, such as it was in
1965. Thus the lower reach of the Danube is inhabited by fish penetrating
here from the Roumanian territory, while the fishes in the middle streteh
originate from Hungary. These two countries are the only ones which realize
their mass planting and breeding just in water bodies situated near the main
stream. 1t 18 obvious, indeed, that precautions drawn to prevent the penetra-
tion of these exotic species into the main stream were unsufficient and by
this way the agreement of all the Danubian states to forbid their introduction
into the Danube river has not been respected.

As regards the size of freely living plantivorous species in the Danube,
we have only scarce information. In the Soviet section of the river., only
small fishes were canght not exceeding 1 kg of weight From the Roumanian
stretch there are no data on size with exception of Radu (1973) who writes
on specimens of grass carp weighing 0.25—10.0 kg. In Bulgarian catches the
grass carp weighed 1.5—5.0 kg in 1971 —1972, but 5—9 kg in average in
specimens caught in 1973. Accordnw to D]lsaluv (1973, 974) mean welght
of grass carp in the Yugoslavian stretch of the Danube waried from 1.5 to
6.0 kg and that of the silver carp between 3.0 and 4.0 kg, being lower in the
upper part of the Yugoslavian stretch and higher at the lower one From
the Hungarian reach of the river there are at disposal only some data from
older records gathered by Téth (1971}, according to which most of the grass
carps caught from 1966 to 1970 weighed from 1 1 to 5.0 kg, while two srlver
carps recorded weighed 1.9 and 3.0 kg respectively (the second figure is
according to Jaczd, 1974). The mean weigth of the grass carp from the (ze-
choslovak stretch of the Danube waries from 1.5 to 3.1 kg, but the individual
weight reaches up to 11 kg. Other two gpecies represented by ringle gpecimens
only did not exceed 135 kg, being lower for the bighead carp. Austrian
records of the grass carp vary between 4 and 6.5 kg and the single specimen
of silver carp caught near Vienna weighed about 25 kg (Webber in
litt.). Concerning the growth rate, the only data are from the Roumanian
and Czechoslovak stretches, and are summarized in Table JTI. As can be
seen, the growth of grass carp both in the lower and middle Danube
is betber than that of fishes from the Amur river or from the Aral Sea. This
can be said probably also for the silver carp and bighead carp, as mentioned
previously by Holdéik and Par (1971) and Holéik and Geezd (1973).

Summarizing the data mentioned above it can be stated that:

1} Plantivorous species which penetrated into the Danube river from the
adjarent waters or through various ways from the fish farms and hatcheries
from Roumania, Hungary and also Austria (where are intentionally planted

53



(0261 “6961) AIR[OH PU® (R961) U0 Jo €18p PIsuspuo) Sost wAGoRy atf) Jo saad raatof oy Fupnour (1.4
{(98671) [ysjox1N Aq peonposqur senea wosy pejenagstuos ydead jyfea-yiFue) sy Husn syyfrem mody peresuno smgdes Jo oYy 18 YyBua (4.
gived JUIZOIIp JO SAN]¥A DIOIJ POALISP BIBP WBOW (4

LOP—F8E  00E—F0E  9€1—801
9% 052 44 | (+++0qnua a(ppiy
098—008 0£8—0§L OLL—00L GGL—O0L9 065—009 OFY—03¢ O8C—08F 0FS—998 035 —8¥3 (gL61 ‘npey)
018 084 0€L 989 09 £99 809 08¥ 99z {(roqnus(T Jomo

00t—o8z 89F—8IF FO1—ESI 88— [9
263 88% oel BL (8961 ‘A0 IBY) BOg (W1
649 6¥9 899 gIg oFF £o8 995 8LT o8 ({1961 *2€qI0DH) ex8[ yojog
569 GLo 188 FIC 08¥ [+ 3 6LE 6T Ior ((T98T “pBqI0p) I8AL LINSEN)
889 599 683G 4] 0oF 168 10€ €02 66 ({1961 ‘2®q10D) TearT anwry

6 8 L 9 g ¥ £ b 1
{aoms) Aypeoo
o.mqﬁ .mo Hm.wh.

{oaux uy yfue] pIepuMis pejB[Lo[ED {ORY) SAIPOq I&)8M [eanyeu owos wiodf dres sseid JO imodl asaul] oYl UG BIB(T
IIT °[9q3L

94



algo directly into the main stream), now inhabit the whole lower, middle,
and also part of the upper, reaches of the Danube, i.e. abont 2,200 kilometres
long stretch from its delta up to the Morava river in Czechoslovakia and
middle part of Austrian reach. From the Danube proper these species pene-
trate into bigger tirbutaries migrating to considerable distances from their
mouth (grass carp).

2) The stock of these fishes is composed mainly of grass carp and only to
a small extent of silver and bighead carp. The latter is represented only by
gingle specimens.

3) It seems that density of grass carp in the middle reach of the Danube is
higher that in the lower one, especially in the Czechoslovak-Hungarian
gtretch, thus suggesting the trend to migrate upstream. However, it is not
excluded that this stretch is supplied also by fish descending from the
Austrian Danube, whose conditions are more severe.

CAN THE PLANTIVOROUS SPECIES %?%JEALLY REPRODUCE IN THE DANUBE
7

The question of natural reproduction of plantivorous fishes in the Danube
river is of primary importance, but still unsolved due to the lack of direet
observation. However, there is some indirect indication suggesting that this
possibility exists and, with reference to the grass carp, it is highly probable.
In the Roumanian stretch of the river adult specimens weighing up to 12 kg
were caught several times. The females had fully developed ovaria and dis-
played a high gonosomatic ratio ranging between 6.41 and 9.12 (Anonym-
ous, 1972¢; Radu, 1973). According to Radu (l.c.) the growth of these
specimens was faster, the gonosomatic ratio and the ratio DNA/RNA
in gonads and hypophysis was higher than those in fishes of the same age
from fish farms and hatcheries, The author concludes that the natural
reproduction of the grass carp in Danube is a definite possibility.

The last discoveries of grass carp with developed gonads suggest that the
natural teproduction of this species is possible also in the Czechoslovak
stretch of Danube. Bastl (1975) recorded the catch of a female weighing
7.1 kg and measuring 680 mm caught in the mouth of the V&h river in Sep-
tember 1971, Its ovarium contained 790 470 eggs in two portions. One,
composed of eggs measuring 0.89 mm in diameter, contained 779%, and the
second composed of eggs measuring 0.44 mm mnta]ned 23%, of the total
number. The gonosomatic ratio was rather high — 5.20. Wlth regard to
these facts and considering the date of capture, Bastl is of the opinion
that no eggs were laid in 1971, probably due to the lack of suitable thermical
conditions. The second finding is the catch of a fully ripened male with freely
running milt. This male weighed 11.2 kg and was caught in the Morava river
near the mouth into the Danube river. To complete these data it is necessary
to introduce that in 1973 Bulgarians reported the presence of young grass
carp weighing 80—100 grams in Danube near Vidin (Anonymous, 1973).

Three principal factors are of vital importance for successful spawning
of all three plantivorous species {Chen and Li, 1935; Gorbad, 1965;
Nikelsky, 1956):

1) water temperature ranging from 15 to 30 °C;

2) increasing water level stimulating the spawning; and

3) stream velocity not exceeding 3 m/sec.
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Fig. 1. Course of the water leval (in em — left ordmate and heavy line) and water temperature

{in C° — right ordinate and weaker ling) of the Danube mver at Bratislava (river kilometor 1869)
m 1970—1973.
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Generally the same conditions are valid for all three species (Wu and
Ling, 1964) with some deviations in temperature and place of spawning.
The spawning temperature in the northern is lower that in the southern
regions and the threshold spawning temperature for the silver carp, grass
carp and the bighead carp is 15, 17 and 20°C respectively (Nikolskij,
1656; (Gorbad, 1965; Wu and L]n;c,, 1964; Bizjajev, 1968; Motenkov,
1972). The silver carp spawn at the surface grase carp in a short distance
under the surface and the bighead carp in the middie or bottom layers of
water (Suchanova, 1966).

According to Bizjajev (1968) the main factor stimulating the natural
reproduction of plantivorous fishes iz not the increasing water level but the
suspended solids concentrations. He suggests that the natural reproduction
of the grass and silver carps is possible only in rivers with the suspended
solids concentration equal to 1.2 kg/m? during the spawning period. He
concludes this is the main reason why the natural reproduction of these
species introduced into several Soviet rivers was recorded only in Amu-Daria
and Kuban respectively, both of which characterized by the high concentra-
tion of solids. He does not indicate, however, whether the ficure 1.2 kg/m3
means the average or total concentration and, if it is the the mean, maximum
or threshold walue. The situation is not so clear as follows also from the
observations of Motenkov (1972) made on the same river (i.e. Kuban)
According to this author the increase or decrease of the water level and the
concentration of the suspended solids are not those factors which are of prim-
ary importance for the spawning of plantivorous species. Motenkov (l.c.,
and his letter to the anthor of this paper of February 18, 1975) says that it
is the water temperature along with the velocity of the current which play the
decisive role in this respect.

All of the above mentioned abiotic conditions can also be found in the
Danube river. In regard to the increasing water level, the Danube is one of
the few European rivers with floods in late spring and summer. The culmina-
tion of water outflow in the lower stretch comes in April, May and June,
while in the middle strctch it sets in May and June and ends in July or
August. Temperatures higher than 15° C in the lower stretch are regularly
observed at the end of April and the beginning of May while in the middle
one it is the second half of June. The stream velocity in the Czechoslovak-
stretch (which forms the beginning of the middle stretch and also the transi-
tion reach between the mountain and lowland zone) varies from 2.0 to 2.4
m/sec, then gradually decreases downstream and reaches 0.5 m/sec in the lower
stretch (delta) (Laszloffy, 1965, Hydrological Yearbook, 1950—1970}.
In the Czechoslovak stretch, which is under the direct influence of thawing
alpine glaciers, some cooling of water is observed during the sudden water
level increase (Fig, 1), Despite this there exists the spawning possibility
though the extent of reproductive period isless thanin the lower stretch and
it iz disintegrated into several shorter parts, mainly when the river stretch
between kilometres 1880 and 1812 is considered (Tab. iV). When however,
the opinion of Motenkov (1972} on no influence of the water increase is
right, then the length of the spawning period is about twice longer than sug-
gested in Tab. IV, where only the days with increasing water level were chec-
ked. In more downstream shifted stretches, however, the conditions appear
to be more suitable. At Komarno (river kilometer 1767), situated 100 km
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Table TV. Time of potential spawning of the grass earp and silver earp in the Czechoslovek stretch
of the Danube river during 19701973,

Ctenopharyngodon idelin

Year 1870 1971 1972 1973
from —to 25, 8.—12. 8. 13.7.—5. 9. 25. 7.—22. 8. 15. 7.—6. 9.
number of days with

temperature above 17 C 13 25 15 23
and inoreasing water level

number of periods 3 8 2 2

Hypophthalmichthys molitriz

from—to 10. 6.—27. 9. 30. 5,—30. 8. 13. 6.—25. 8. 3.56.-3.9.

number of days with
temperature ahove 15° C 52 43 48 33
imnereasing water level

number of periods 12 8 7 5

downstream from Bratislava (r. km. 1869), the mean temperature in May —
August is 0.6° ¢ and at Sgarove (r.km. 1717) 1.5° ! higher than the mean
temperature in the same period at Bratislava (Mucha et alii, 1966). As
seen in Table I'V, where the number of days and periods suitable for spaw-
ning of the grass carp and silver carp were statced according to the actual
daily values of temperature and water level increase,*) the possible spaw-
ning period for the grass carp is shorter than that for the silver carp, for
which the spawning threshold temperature is lower.

In regard to suspended solids concentration, the Danube river can be
placed among the rivers suitable for reproduction of these species. Acecording
to Szolgay and Nather (1358) the suspended solid concentration in the
Czechoslovak stretch reaches maximal values at the end of spring and co-
incides with the water level fluctuation (Fig. 2). The highest recorded value
near Bratislava was 1.56 kg/m3 in July 1954, but the authors suggest that
the absolute maximum should be between 2 and 2.5 kg/m3, In the delta of
the Danube at Vilkovo (r. km. 13) Almazov and Majstrenko (1961)
found maximal suspension concentration ranging from 0.85 to 1.3 kg/m?3.
They also observed the positive correlation between the water level and the
amonunt of suspension, Their figure seems to be lower than those for the middle
reach of the river but it is necessary to indicate that due to different sampling

*) On Fig. 1 the § day nverages are plotted for better sonstruction of the graph and its inter-
pretation, so the general trend is somewhat deformed.
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and treatment methods the comparison of values supplied by different
authors is diffieult or impossible,

In discussing the possibility of the natural reproduction the life conditions
for the existence of hatched fry should be considered as well. As cited by
the above authors (e.g. Nikolsky 1956; Gorbaé 1965 etc), fry after hat-
ching drift on the flooded shores of rivers where they feed intensively.
The lack of such floodplain can lead to increasing losses and eventually to

Y

Fig. 2. Mean monthly suspended solids coneentration (in grams per cubio meter of water — right
ordinate and weaker line} and water discharge fluctuation (in eubie metera per second — left
ordinate and heavy line) of the Danube river at Bratislava during 1958—1060.

total mortality (Nakamura 1969). In this respect the environmental condi-
tions of the Danube river are suitable, primarily at the beginning of the
middle reach. Here, between kilomctres 1862 and 1790, an extensive flood-
plain is situated, the only one at the present time which is connected with
the main stream. It covers about 25,000 hectares from which more than
3,000 ha fall in arm systems which are permanently connected with the river.
The floodplain is regularly flooded during the spring and summer months.

The environmental conditions of the Danube river as a whole are thus very
gimilar to those in rivers at the northern boundaries of the natural distribu-
tion of the species under consideration. Similar conditions to the Danube are
also found in the Amu-Daria in Central Asia and the Kuban flowing from
the Caucasus, the single rivers where the acclimatization of the grass carp
silver carp and bighead carp was succesful (Alijev, 1966; Bizjajev, 1968).

Evaluating the existing data and the environmental conditions in the
Danube river it is postulated that the plantivorous species, chiefly the grass
carp are probably at the first stage of acclimatization. Fishes escaping from
fish farms and hatcheries gradually adapt themselves to the new conditions
and begin to form self-sustaining stock. The lack of direct evidence of re-
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production can be ascribed to the low density of grass carp. Since the coun-
tries which signed the International Agreement On The Fishing In The
Danube River (Bucarest 1838) banned the introduection of all exotic species,
the population density of the grass carp as well as other two species depends
almost exclusively on the accidental penetration from fish farms hatcheries
or bodies of water cut off from the main stream and its arms. This ig the
prime reason for slow forming of population sensu stricto, in which only
single and rather isolated sexually matured specimens exist.

The situation is complicated also by the fact that in the Danube river
evidently two strains of plantivorous fishes live, one from China and the
other from the Amur river. In both strains different biological characteristics
genetically fixed can be supposed as followed from the grass carp studies
of Prichodko and Pistun (1971) and Andrjageva (1973).

The adaptation to the new environment does no appear important. The
dats show that the hydrological and thermical conditions of the Danube
river are similar to those in the native area of their distribution. Moreover,
all these species display rather wide adaptive potential. The growth of these
fishes in the Danube river i3 very good and it is higher than in fishes from
some other waters. Both the grass carp and the silver carp can live also in
waters with higher salinity as shown by Tanasijéuk (1961), Markova
(1968), Motenkov (1972) in the northern Caspian Sea and Aral Sea, respect-
ively, and also the larvae of these species survived in saline water (Rykova,
1964; Dorosev, 1964 — according to Markova, l.c.). As our records show
all three species oan also live in highly polluted water, since the Morava,
Vah and Hron rivers are heavily polluted by both the industrial and domestic
waste material, It is true however, that pollution could have and adverse
effect on eggs laid and hatched fry prima.rﬂy in those sections of the Danube
proper which are under the direct influence of sewage from oil refineries,

Although the successful acclimatization of plantivorous species could
eventually have a positive influence on the Danubian fish industry, one has
to consider also the negative effects which appear to be very serious and
override the positive effects, It could be not only competition in food with
the native bentho- and zooplanktoneaters but also the real danger from exotic
parasites, such as Bothriocephalus gowkongensis. This tapeworm was introduc-
ed with the grass carp from Chine; it is dangerous for European cyprinoids
{carp, crucian carp, ide. bream, roach and others) and now it is found in fish
farms in the USSR, Roumania and also Hungary. The invasion of this parasite
in Danubian native fish can be expected too, since Zitnan (1972a, b, 1973)
recently found this tapeworm just in the grass carp caught in the Czechoslo-
vak seetion of the Danube river.

SUMMARY

1) According to available data the records of Far East plantivorous fishes
show that this group is composed mainly of the grass carp and to a lesger
extent, of the silver carp and blghead carp. These inhabits the whole lower
and middle stretch of the Danube river from its delta up to the Morava river
and part of the Austrian stretch.

2) It seems that plantivorous fishes escaping from the fishery farms,
hateheries, breeding lakes and other water bodies undergo upstream migras
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tions. From the Danube proper they enter also the bigger tributaries such
as are the Morava, Vah and Hron rivers on the territory of Czechoslovakia.

3) From the existing data on the catch of zexually matured specimens
of the grass carp, the growth of particular species, their discovery in different
places in the Danube river and its tributaries and on the basis of the analysis
of hydrological and temperature conditions of the river it can be postulated
that the natural reproduction of plantiverous pecies in the Danube river is
realistic. One of the most suitable is the middle reach of the Danube, mainly
its Czechoslovak-Hungary part. The lack of direct evidence of natural spawn-
ing is most probably due to low population density of stock, formed mainly
by sexually immature fish. It seems that plantivorous species and primarily
the grass carp are now in the first stage of natural acchmatization, beginning
to form sclf-sustaining stock,

4) Besides the positive influence of plantivoroug fishes on the Danubian
fish industry also the negative effect can be expected with regard to introdue-
tion of exotic fish parasites, from which the tapeworm Bothriocephalus gow-
kongensis has been recently discovered also in the Danube.
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VIESTNIRK CESKOSLOVENSKE SPOLECNOSTI ZOOLOGICKE
fvazek XL -— Cislo 2 — 1976 — Btr. 104--106

TULLBERGIA (MESAPHORURA) SPELAEA SP.N. A \XEW SPECIES
OF COLLEMBOLA

JosEr NOSEK & Hemnz NEUHERZ
Reecerved July 10, 1976

Deseription. Length of body 540—550 um, bedy colour white. Clothing
of short and longer setae. Skin granulation very fine, especially on the an-
terior and posterior marging of tergits. Pseudoc elli dorsally as follows:
11/011/10011. Chaetotaxy exactly as in Twullbergia (Mesaphorura) italica
Rusek, 1971.

Head. Antennae shorter than diagonal of head. Ant. IV with 5 distinct
sensory hairs (sensillae a—e), and 2 very short and thin ones (sensillae f and g).
Sensilla b is 2 times broader than sensilla e at basis. Sensilla ¢ is the longest,
overtoping the base of sensilla ¢, (Figs. 1—3). Sense organ of Ant, ITI consists
of 2 small sensory rods concealed behind a moderately high integumentary
fold, 2 sensory clubs which are thick, eylindrical, rounded at the tip, strongly
bent towards each other and 4 guarding setae (Figs. 1—3). Postantennal
organs consist of about 45 primary tubercles (Fig. 4).

Thorax, Prothorax with 4-+-4 setae (m; and mgz are short) (Fig. 5), Meso-
notum with seta m4 and 11 pseudocelll situated between p; and ms
Sensilla & is seta-like, sensilla 5" is very small (Figs. 6 and 7). Claw IIT (unguis)
without inner tooth, approximately as long as anal spine, empodial appendage
short {Fig. 8).

Ahdomen. Abd. V posteriorly with 1 1 pseudocelli (Fig. 9), and a spine-
-like sensilla s (Fig. 10). Abd. 1V with 11 pseudocelli situated between pe
and Pa (Fig. 11). Ventral tube with 5--5 setae apically, Female genital plate
with 5 setae (Fig. 12). Anal spines well developed, slightly curved (Fig. 13).
Chaetotaxy of anal lobi see Fig. 14.

Affinity, This species is closely related to Tullbergia [ Mesaphorura) italica
Rusek, 1971 but differs from it in the length ot sensilla ¢ and in the breadth
of sensila b on Ant. IV, in the form of sensilla s on meso- and metanotum,
and in number ot tubercles in PAO,

Loeahty in which the new species was found, Raudner Cave, Styma, 2 specimens — May 1975

Dr. Neuherz log.
Holotype @ and 1 paratype mounted m Swan's medmm kept m Museum d’Histors

naturelle de Genéve.
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Figs. 1—8. Twilbergic (Mesnphorura} speluec ap, n.: 1—3. Ant. I1T 4+ IV; 4. PAO; 5. Prothorax;
8. Mesonotum: 7. Sensillae ¢ and 8’ from mesonotum; 8. Apieal part of the third leg {Magnification
100% 10).
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Figs 9—14. Tullbergia (Mesaphorura) spelaea sp.n.: 8. Abd, IV; 10, Abd, ¥; 11, Spine hike sensilla
from Abd. V; 12, Female gernutal plate; 13. Abd. VI1; 14. Lobi analea (Magnification 100 x 10},
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VESTNIK CESKOSLOVENSKE SPOLECNOSTI ZOOLOGICKE
Svazel XL — Cislo 2 — 1976 — Str, 107—117

Abteilung fiir Fortschutz, Forachungsanstalt fiir Forstwirtschatt, Zvolen

EINFLUSS TIEFER TEMPERATUREN AUF DIE MORTALITAT DER EIER
EINIGER SCHMETTERLINGE (LEPIDOPTERA}

Jan PATOUKA

Eingegangen am 6. April 1975

Abstract: Results of experiments with low temperaturss in the laboratory indicate that
the direet influence of late frosts in spring, as a rule, does not cause mass decay of lepidopterous
on oaks in Slowalkia.

In den Jahren 1869—1975 versuchte ich durch eine Serie von Laborver-
suchen gufzukliren, ob durch direkte Wirkung der Spitfroste hshere Mortali-
tit der Eier einiger an Eichen vorkommenden Lepidopteren eintreten kann.
Ich versuchte vor allem die extremen Temperaturbedingungen vom Freien
im Labor nachzuahmen.

MATERIAL UND METHODIK

Fiir die Versuche benitzte ich die Eier folgender Lepidopteren:

1. Avehips craiaegane (Hb.). Die Eier wurden den 13. 3. 1969 in einem Auewald bei Velké
Kapudany (Bidostslowakei) gesammelt. Die Population befand sich in mdéssiger Aklreszena,
Die Eigruppen wurden von der Rinde abgeschnitten und im Kiihlsehrank bei 5 °C aufbewshrt,
Die Versuche verhiefen von 22. 4. bis 5. 5. 1969, Wihrend derselben wurden dio Eier den ver-
schiedenen in der Tab. 2 erwidhnton tiefen Temperaturen in einer Serie von Kiihlschrinken,
der Temporatae von 20 °C i Thermostat ausgesetet, Bei dor letzterwithnten Temperatur wurden
darm die Eier bis zum Ausschlipfen gehalten. Die Eier, welche keine Raupen ergaben, wurden
seziert, um ihre Befruchtung nachzuweisen. In der Tab. 2 wird nur dis Sterblichkeit der be-
fruehteten Eier beriicksichtigt,

2, Operophthera brumata (L.), Die Eier erhielt ich einerseits von Weibchen, welche Herr Ing.
Sitko bei Lednice (Siidméhren) Anfang November 1969 gesammelt hat, Die Population dieser
Art befend sich dort in der Kulmination emer Ubervermehrung, bei starkem Lichtfress bis
Kahlivass der Raupen und mehreren Hunderten Weibchen je Baum. Sobald es in den Petrischalen
ewischen die Schichten dor Zellstoffwatte zur Eiablage gekommen war, wurde mir das Material
gesandt und bis zum Beginn der Versuche im April 1970 in einem Kiihlschrapnk sufbewshrt.
Anderseitr starmmten die Eier von den Weibehen, die ich im Spiitherbst 1970 in speziells Fallen
in der Umgebung der Stadt Zvolen (Mittelslowskei} gefangen habe. Die Population des Schadlings
befand sich dort in der Gradationsphase der Akkreszenz. Auch diese Eier wurden bis zum Beginn
der Versuche ira Marz 1971 in einern Kiihlschranlk bei 5§ °C aufbewahrt. Nur befruchtete, rétlich
gefarbte Wier wurden in Versuehe aufgenommen. Die Behandlhung der Eior withrend der Versuche
entsprach der bei der vorigon Art. Die Wirkung des Temperaturwechsels wurde ausserdem im
Apparat ,,Feutron™ untersucht.

3. Lymantria dizpar (L.). Die Versuche fuhrte ich mit Eiern verschiedener Herkunit aus.
Ein Teil davon (in der Tab. & als Herkunft ,,A" bezeichnet) wurde im Mirz 1969 und 1970 in sinem
Eichenwald bei Kralovsky Chinmee (Siidostslownkei) gesammelt. Die Population befand sich
dort in der Phase der Akkressenz bei der durchschnittlichen Zghl von 7 Eigelogen je 100 Stamm.
Das andere Material stammte von der Zucht (wobei sich die ursprimgliche Population in der
Latenz befand) und zwar von einer Freilandzucht in einer Eichenkrone im Sack (Herkunft ,,B“)
bzw. Laborzucht mit der Eiche {Herkunft ,,C*') und Cornus sanguinea (Herkunft ,, D).
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Fur die Versuche 1m Marz 1972 benutzte ich Hier, die im Herbst 1971 bei Pata, nahe Levice
(Suidwestslowaker}, Gradationsphase Akkreszenz, gesammelt wurden. Sie werden als Herkunft
B bezeichnet.

Fiir die Versuche i Merz 1973 stammte das Material der im Herbst 1972 in der Siidwestslo-
wakel gesammelten Eier von folgenden Populetionen (Tab. 1):

Tabella 1. Charakterstik des Matenals fur die Versuche mit Lymaniria dispar im Marz 1973

Durchaschn. Gewicht

Herkunft Lokalitat emes Higeloges Gradationphase
bl O Sazdice 860,5 mg Akkreszenz
v@" Pata 381,7 mg Eruption
i g Pata 179,9 mg Eruption
e g Pata 77,0 mg Eruption

Die einzelnen Proben (Tab. 1) differeiorten unteremander im Gewicht der Eigelege bedeutond,
was fur eine gute Erndhrung (Herkunft ,,F'**) bew, progressiv steigende Unterernahrung (Herkuntt
G bis ') der vorgehenden Generation zeugte,

Die Eier wurden bis zu den Versuchen wioderum in 3 °C aufbewahrt. Bei jedor Herkunft
wurden dieselben vermischt emzeln abgerechnet, in den Einzelfallen (Tab, 6) ganze Teile der
Eigelege mn Versuch genommen. Die Sicherung der emnzeinen Temperaturen (Tab. 5—8) sowe
der standigen rel. Lufifauchtigkert {80—=85 7} in Sehalen nach Zwolfer (1931) geschah ahnlch
wie ber den vorigen Arten.

4. Verachiedene Noctwiden (Tab. 9—13). Ihe Weibehen der emzelnen Arten, weleha schon be-
gattet waren, fing ich 1im Aprl 1989 in eme Lichtfalle. Bei Futterung mit Zuckerlosung erziette
1eh leseht die Eiablage in Glasbehaltern mit Zellstoffwatte, Bis zu den Versuchon in April, Anf.
Mai 1969 wurden die Eier bsi 6 °C gehalten. Die Behandlung wahrend der Versuche war nhnlich
wie bei den vorigen. Die ungeschlupfien Eier wurden an Befruchtung untersucht und nur die
befruchteten in Betracht genommen.

Bei allen Arten wurden die abgerochneten Einzeleier oder Higruppen in Glasrohrehen, die
an beiden Enden nmut Verbandzeugwatte verstoppt wurden, den betreffenden Temperaturen
ausgesetst, Die refattve Luftfeuchtigkert von 80—85 %, wurde mn den Schalen nach Zwolfer
(1931), nur im ,,Feutron** direkt, vorbercitet,

RESULTATE

1. Archips crataegana (Hb.). Die Ergebnisse der Einzelversuche sind in der
Tab. 2 zusammengefasst. Aus dlieser geht hervor, dass die tiefen negativen
Temperaturen (—3 bis —7°C) bei den Eiern von Archips eratargana mit
fortgeschrittener Embryonalentwicklung eine hohe (mchr als 509 tige)
Mortalitit erst dann herbeifithren, wenn sie langere Zeit (wenigstens 2 —3Tage
wirken. Ubertragung der Eier — bevor sie den tiefen Temperaturen ausgesetat
wurden — in 20 °C, wodurch deren Embryonalentwicklung weiterhin fort-
schreitet, scheint mit keinen grisseren Sterblichkeitsverdnderungen verbun-
den zu sein. Daraus geht hervor, dass im Rahmen der vorausgeschrittenen
Embryonalentwicklung (die Raupen von den im Kiihlschrank bei 5 °C auf-
bewahrten Eiern schlupften bei 20°C in 5 Tagen) ist es wohl nicht allzu
wichtig, in welcher Phase die Eier durch tiefe Temperaturen betroffen werden.
Es hat sich weiter gezeigt, dass die Dauer der Einwirkung tiefer Tempera-
turen wichtiger als ihre Hohe war. So war die Sterblichkeit bei dreitagiger
Wirkung von — 3 °C hdher als bei eintdagiger Wirkung von —7 °C. Die ein-
zelnen Resultate wechseln ziemlich, was verschiedene Resistenz der einzelnen
Eigruppen beweist. Auch waren die einzelnen Proben wohl nicht ausreichend
gross, um iiberzeugende Resultate zn geben.
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Tabells 2. Einfluss tiefor Temperaturen auf die Eier von Archips crataegana {(Hb),

Vor. ) Zahl der Eier Sterblich-
such Aussetzung der Eier Insge- Micht __Befruehtet keit der
Nr den Temperaturen wahrend samt  befruchtet  nicht ge- ge-  befrachteten
S schliipft schliipft Eier in 9,
1 3 Tage 20°C, 2 Tage —7°C, 60 3 48 9 84,2
1Tag 10°C
2 3 Tage 20°C, 2 Tage —3°C, it 3 8 47 14,5
1 Tag 10°C
3 3 Tage 20°C, 2 Tage —1°C 58 2 3 53 5,4
1Tag 10°C
4 1Tag 20°C, 2 Tage —7°C 5l 1 3 47 6,0
5 1Tag 20°C, 1Tag —7°C 47 3 ] 35 20,4
6 2 Tage 20°C, 1 Tag —7°C 40 3 10 27 37.0
7 2 Tage 20°C, 2 Tage —7°C 61 8 48 19 90,6
§ 1Tag 20°C, 2 Tage —3°C 1] i} 3 857 3.3
9 2Tage 20°C, 1 Tag —3°C 49 — il 44 10,2
10 3 Tage —7°C 66 5 31 30 b0, A
11 3 Tage —3°C 55 2 40 13 75,6
12 8 Tage 0°C &1 7 24 20 54,5
13 6 Tage —3°C 67 8 61 0 100,0
i4 1 Tag 20°C, 6 Tage —3°C 7 4 a8 5 88,4
15 6 Tage —7°C 60 6 32 22 59,3
16 2 Tage 20°C, 6 Tago —7°C 53 5 39 9 81,2
17 3 Tage 20°C, 3 Tage —7°C 46 0 21 25 45,7
18 Kontrolle — stets 20 °{ 51 i 2 45 2.0
19 Kontrolle — stets 20 °C 38 0 2 36 5,3

Die Spitiroste liegen in der Slowakei selten so tief und besonders selten
dauvern sie so lange, um die Population von 4. eralaegana direkt ernster
bedrohen zu kénnen, Die Angaben verschiedener meteorologischer Stationen
in der Mittel- und Sidslowakei haben gezeigt, dass es seit 1952 keine solehe
April- oder Maitemperaturen gab. Manchmal traten jedoch solche im Mirz
auf, zuweilen nach der recht milden Wintertemperatur, wie es, besonders
in den letzten Jahren, mehrmals der Fall war.

2. Operophthera brumata (L.). Resultate der Versuche sind in den Tab. 3
und 4 enthalten. Die Ergennisse mit der Population, welche sich in der fortge-
schrittenen Gradationsphase befand, schwankten auffallend und bewiesen,
dass es sich um stark heterogenes Material gehandelt hat. Manche Proben
ertrugen extrem tiete (— 16 °C) oder relativ lang dauvernde (3 Tage von —8°()
Temperaturen chne merkliche Verluste, andere wiesen hohe Mortalitit auch
unter anscheinend optimalen Verhiltnissen (16 °C) auf. Wahrscheinlich war
die Ursache der Sterblichkeit eine andere, als direkte Wirkung tiefer Tem-
peraturen, da auch parallele Versuche versehwdenarhge Resultate liefertex.
Das beweisen auch die Versuche mit der Population in der Phase der Akkre-
szenz (Tab. 4). Allgemein scheinen die wechselnden Temperaturen mit ge-
ringerer Sterblichkeit als die stindigen (und besonders tieferen) verbunden
zi: sein. Viele Resultate (Tab. 3, Versuch Nr. 1, 2, 5, 8—12) zeugen, dass die
Eier dieser Art auch in der fortgeschrittenen Gradationsphase gegen die
direkte Wirkung der Spatfroste im Frithling sehr resistent sind.

Die Ergebnisse mit der Population in der Gradationsphase der Akkreszenz
zeigen eindeutig die grosse Resistenz der Eier der Operophtera brumate gegen
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‘Tabells 3. Einfluss verschiedener Temperaturen auf die Eier von Operophthera brumata (L.),
Gradationsphase Kulmination, von Ledniee, S8tidmihren.

Ver- Aussetzong der Eler Zahl der Ier

such den Tomperaturen wihrend Insgesamt Nicht Geschlupft terbliohieid
Nr. geschliipft m %
1 7 Tage 12 Stunden 8°C,
12 Stunden 16 °C, 30 2 28 6,6
weitere
2 7 Tage 12 Stunden — 5 °C,
12 Stunden — 16 °C 35 0 35 0
abwechselnd
3 6 Toge 20°C; dann 7 Tage
je 12 Stund. 30 7 23 23.3
4 0°C und 12 Stunden  —5°C 30 T a3 23.3
sbwochselnd
5 8Tage 20°C, 1'Tag —4°C 30 0 30 a
6 3 Tage 20°C, 3 Tage —4°C 30 17 13 56,7
7 3 Tage 20°C, 1 Tag -8°C 30 30 0 100,0
8 3 Tage 20°C, 3 Tage —8°C 30 8 22 26,7
9 6 Tage 20°C, 1 Tag —4°C 30 7 23 23,3
10 6 Tage 20°C, 3 Tage —4°C 30 10 20 33,3
11 6 Tage 20°C, 1 Tag —8°C 30 2 28 6,6
12 6 Tage 20°C, 3 Tage —8°C 30 0 30 Q
13 Stets 16 °C 30 3 27 10,0
14 Stets 16 °C 30 13 17 43,3
15 Stets 16 °C 30 1 29 3.3
16 Kontrolle — atets 20°C 30 4 248 13,3
17 Kontrolle — stets 20 °C 30 9 21 30,0
15 Kontrolle — stets 20 °C a0 12 18 44,0
19 Stets 25 °C 30 9 21 30,0
20 Stets 286 °C 30 16 14 53,3
21 Stats 24 °C 30 11 i6 36,7

die Spitfroste und zwar ohne Riicksicht auf den Fortschritt der Embryonal-
entwicklung. Die Eier, welche vor dem Versuch 8 Tage bei 22 °C gehalten
wurden, befanden sich schon vorwiegend vor dem Schlipfen. Auch die
Dauer der tiefen Temperaturen beeinflusste kaum die Sterblichkeit.

3. Lymantria dispar (1.). Die Resultate der Versuche sind in den
Tab. 5—8 zusammengefasst. Die Eier von Lymantrie dispar kinnen wohl

Tabelle 4, Einfluss wechselnder tiefer Temperaturen 1in ,,Feutron® auf die Eier von Operophliers
brumata (L.), Gradationsphase Akkreszenz, von der Umgebung von Zvolen (Mittelslowakei),
In jeder Probe befanden sich 50 Eier.

Abwechselnd den Temperaturen von —3 und —8°C Kontrolle,
Vor demn Versuch ausgesetzt fir davernd m 22 °C
Aufenthalt der Proben 1 Tag 4 Tage 7 Tage 4 Wiederholungen

in 22 °C fir Mortalitat:

Stick 9% Stiek oL Stuck ™ Stilek %

2 Tage 1 2 12 24 10 20 1:10 20

4 Tage 10 20 10 20 11 22 2:11 23

6 Tage 7 14 13 26 5 10 3: 1 2

8 Tage 13 26 G 12 9 18 4: 7 14
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Tabelle 5. Einfluza tiefor Temperaturen auf die Eter von Lymantria dispar (L.), Gradationsphase
Akkreszenz., von Kralovsky Chlumee, Sudostslowakel.

Zahl der Erer

Wiko  dlongath Auszetzung der Eier Insge Nicht (- Sterblich-
such  des Mate- d . ) keit
Nr. ialog en Temperaturen wahrend samt age schlupft m 9%
~chlupft @
1 A 1 Tag 20°C. 1 Tag —7°C al 3 48 5,9
2 A 2 Tage 20°C, 1 Tag —7°C 50 1 449 2,0
3 A 1 Tag 20°C, 1 Tag —3°C 51 2 49 3.9
4 A 2 Tage 20°C, 1 Tag —3°C a0 7 43 14,0
5 A Kontrolle — stets 20 °C 50 3 45 10,0

im Frubling auch nach der Erwidrmung (nach welcher es zur Aktivierung
der schon vollentwickelten Raupe im Ei kommt) kurzer (1 —7 Tage) dauernde
massige bis mittelstarke (bis —7 °C) Froste ohne grossere Verluste ertragen

(Tab. 5, 7). Temperaturen von — 15 bis — 16 °C iiberleben sie allgemein nur,
wenn diese kurzer (12 Stunden) dauern. Bei der geschwachten Population

Tabelle 8 Einfluss tiefer Temperaturen auf die Populationen von Lymantria dispar von der
Zucht.

Ver-  Herkunft Zahl 'll{"l' Hier Sterblich-
ok dlos Mate: Aussetzung der Eier Tnsge Niecht Ge- ket
den Temperaturen wahrend samt e achlnpft m %
Nr. riales D = P 7o
~chlupft
I C 7 Tags- 12 Stunden 8" ¢, 50 ] 42 16
2 C 12 Stunden 16 °C abwechselnid. 50 6 44 12
3 B Wertere 7 Tage: 12 Stunden a0 ] 42 16
4 B —5°C, weitere 12 Stunden b0 19 31 38
3 D —16 °C' abwm echselnd 30 2 23 6,7
[ < Kontrolle 20 13 37 26
7 B Stetz 20°C =1 14 36 28
] D 50 R 12 76
9 B Stets 25°C o 14 23] 14
10 C Emzel- 20°C 3 Tage, dann o) a0 0 100
—15°C 3 Tage
11 C elor 20°C 6 Tage, dann 50 b0 ] 100
—15°C 6 Tagr
12 C 20 °C 9 Tage, dann 50 49 1 a8
—15°C 9 Tage
13 C 20°C 9 Tage, dann 51 50 0 100
—15°C 6 Tage
14 (8] Teile 20°C 3 Tage, dann 73 73 0 100
15°C 3 Tage
15 ¢ der 20°C 3 Tage, daun 48 48 0 100
Eaige- —156°C 6 Tage
16 LI lege 20°C 9 Tage, dann 66 66 0 100
—156°C 9 Tage
17 C 20°C 9 Tage, dann 65 65 i 108
—15°C 6 Tage
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Tabelle 7. Emfluss wechselnder tiefer Temperaturen auf die Ewer von Lymantria dispar (L),
Gradationaphase Akkresgenz, von der Sudwestslowaker. In jeder Probe befanden sich 50 Eier.

Abwechselnd den Temperaturen von —3 °C Kg:i:r::ﬁ

Vor dem Versuch Aufenthalt — B °C ausgesetrt fur 99 o
der Proben m 22 °C fur el
I Tag 4 Tag 7 Tage 4 Wirder-

holungen

Mortalitat

Btuck % Stuek o Stuck 9 Stuck %

2 Tage 1 2 0 0 1 2 1:06 0

4 Tage ] 1] 1 2 2 4 2:0 0

5 Tage n 0 2 4 1 2 3:0 1]

12 Tage I 2 0 0 2 4 4:0 U}

16 Tage 1 2 1 2 2 4

5,1 stellte man bei der wechselnden, 2. T, auch negativen Temperatur (-5
und —16°C wahrend 12 Stunden) sogar eine viel niedripere Mortalitat als bei
der stingigen- (van 20 °C) fest (Tab. 6), Es handelte sich jedoch dabei um
eine unausreichend grosse Probe (30 Stiick).

Aus der Tab. 8. geht hervor, dass die Population der Herkunft ,,F** durch
die Linge des Aufenthaltes in tiefen Temperaturen nicht beeinflusst wurde,
ebenso die der Herkunft ,,G* nur wenig. Die Populationen der Herkunft ,.H*
und ,, I, die in der vorigen (Generation stark gehungert haben und deshalb
geschwacht und wenig fruchtbar sind, scheinen gegen die verwendeten
tiefen Temperaturen weniger resistent zu sein, obzwar die Hohe der Morta-
litdt nicht proportional zur Verlangerung der Exposition angewachsen ist
Diese Versuchsserie zeigt also, dass starkere Spitfroste (—8 °(') einer unter-
ernihrten Population der L. dispar im Eistadium bestimmte Verluste her-
beifuhren kénnen. Diese Tabelle zeigt gleichzeitig. dass sich die Eigruppen
der einzelnen Herkiinfte untereinander auch durch das Gewicht der Eingel-
eier deutlich unterscheiden (die Analyse der Zerstreuung hat gezeigt, dass
die Unterschiede zwischen ,,(i* und ,,H* einerseits, ,,F° und ,,I'" anderseits
eine 99%tige und hohere Bedeutung aufweisen) Die Zeitspanne, welche
bei 20 °C zum Schliipfbegin notwendig war, schwankte zimlich, ohne jedoch
eine bestimmte Abhingigkeit von den verfolgten Einflissen (Grad der Unter-
ernihrung, Lange der Aktivierung und des Aufenthaltes in den tiefen Tempe-
raturen) aufzuweisen.Ebenso die Schlupfdauer der einzelnen Proben schwankte
stark (7—22 Tage), am schnellsten verlief im allgemeinen das Schlupfen der
Probe der Herkunft ,,F*.

Extreme Bedingungen, die in den Versuchen Nr. 10— 17 der Tab. 6 herrsch-
ten, kinnten im Freien nur ausnahmsweise auitreten (starke Erwarmung
mitten im Winter, durch eine Welle tiefer Froste gefolgt). Die Resultate
scheinen zu beweisen, dass die direkte Wirkung der Spéatfroste auf die Eier
von L. dispar (vielleicht mit Ausnahme einer stark geschwachten Population
der fortgeschrittenen Gradationsphase) keinen wichtigen Sterblickeitsfaktor
vorstellt.

Wihrend unsere Versuche die Frostresistenz der Schwammspinnereier
nach der Beendigung der Winterdiapause untersuchten, gibt es mehrere
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Tabelle 9. Einflus tiefors Temperaturen suf die Eier von Orthasia gothica (L.).

Ver- Zahl der Eier

ik Aussetzung der Eier Insge- Nicht Nicht Ge- Sterblichkeit
sNr. den Temperaturen wihrend samt beftreltch- sch]ﬁpgf(;_ schlipft in 9
1 3 Tage 20°C, 7 Tage 10°C 41 0 0 41 0
2 RTage 20°C, 1 Nacht —1°C 50 0 0 50 0
2 Tage 3 °C
3 2 Tage 20 °C, 10 Tage 10 °C, 174 0 0 174 G
8 Tage —7°C
4 I Tag 20°C, 12 Tage 7°C 133 3 0 130 Lt}
& Stunden —3°C
5 1 Tage 20°C, 12 Tage 7°C, 63 0 o 68 0

1 Tag —3°C

Angaben iiber den Einfluss tiefer Temperaturen auf die Kier dieser Art inner-
haib derselben. Die Frostresistenz dieser Eier war deutlich hdher.

Nach S8ummers (1922} tiberieben keine Fier erst die Temperatur von —25 “F (= —381,7 °C)).
Nach Maksimaovié (1958) brachte —25°C wihrend eines Tages eine 21.89%tige, — 2 Tage
61,4%tige, — 3 Tage 92,9%tige Sterblichkeit, Sulli van und Wallaese (1972) verglichen die
Frostresistenz zweier Populationen dieser in Amerika eingeschleppten Art — einer stdlichoren
von Masschusetts und einer ntirdlicheren von Quebee. Bis fanden keine merklicheren Unter-
schiede, also keine Anzeichen einer Naturselektion einer frostharteren Populatton im Norden,
Dagegen fand Pantjuchov (1964) bei den Populationen vom urspritnglichen Verbroitungsgebiet
dieser Art in Eurasien deutlichere solche Untersehiede. In der Slowakel, wo die klimatischen
Bedingungen im Schadgebiet von L. digpar ziemlich sinheitlich sind, kiimon solgche Unterschiede
kaum in Betracht, Interessanter schienen in dieser Hinsicht die einzelnen Qradstionsphaesen
#u gein, deshalb wurden diege in meine Versuche einbezogen. Pantjuchov stellte ferner im
Spitherbst und Vorfrihling eine héhors Froststerblichkeit fest als mitton im Winter; er ecklirt
auch das Mechanismus der Frostrosistenz auf bipghemischphysiologischer Grundlage.

4. Eier der Noctuiden, die im zeitigen Frithling abgelegt werden. Die
Resultate, welche mit den einzelnen Arten {Orthosia gothica (L.), O. mundo
(Den. et Schiff.) und Eupsilia transversa (Hufn.) erzielt wurden, sind aus
den Tab. 9—13 zu ersehen.

Sie zeugen dafiir, dass die Eier der erwahnten Verteter der Familie Noetui-
dae kurzdauernde tiefe Temperaturen, die wihrend der Spatfroste im April
und Mai anftreten, ohne grissere Verluste ertragen konnen. Manche Arten

Tabelle 10. Binfluss tiefor Temperaturen auf die Eier von Orthosia munda (Den. et Schiff.).

Zahl der Eier

s Aussetzung der Eier Insge.  Nicht .. Ge-  Sterblichkeit
Nr. den Temperaturen wihrend samt befruch- schliipft schlipft in 9
{T = Tag, Tage} tet
1 2T20°C,TTI10°C, 1 T6°C 228 0 0 228 0
2 2T 20°C, 7T 10 C T 3°C 72 b 27 40 36,4
3 17T 20°C, 10T 20 =( —7°%C 169 10 115 44 72,3
4 1T20°C, 87T 7°C, 2'1‘ 1°C 33 0 0 33 1]
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Tabellen 1113, Einfluss tiefer Temperatvren auf die Eier verschiedener Noctuiden: Tab. 11.
Orthosia stabilie (Den. et Behiff.), Tab. 12. Comstra erythrocephala (Den. et Schiff.), Tab. 13.
Eupeilia transversa (Hufn.).

Tab. 11
Zah! der Eier
Yer- 2 - i «
Aussetzung der Eier Insga- Night . N Sterblichkeit

s;&;:h den Temperaturen withrend samt  befruch- ﬂ;}{i gtf’t EGSE it in 9,
e (T = Tag, Tage) tet g pH P
1 2T20°,7T20°51T20°1T86°C 68 0 1 67 15
2 2T200,7T10°,1T20°,4T —3°C 114 3 111 i3 100,0
3 2T20°0, 7T, 6T —3°C 98 8 BR 2 97,8
4 2T20°,7T100,1T20°, 61 0°C 47 0 20 29 42,5
& 2T200, 77 10°C 108 2 0 106 ]
6 1T20°7T10°1T20°,8T0°C 69 4 37 28 63,1
9 TTIC, 6T —3°C 112 4 108 0 100.0
& 2T20°,10T10°C 344 10 3 331 0,9
9 Kontrolle — atets 20°C 122 5 26 91 22,2
10 3T20°10TI3T —7°C 154 8 146 0 100,0
11 27T20° 101105 1T ~7°C 225 2 25 198 i1,z
12 2T20°10T10% 1T —5°C 195 5 12 178 6,3
i3 10T 7°C, 8 Stunden —7°C 41 0 0 41 0
14 Kontrolle — stets 20° ¢ 7 3 2 68 2,9

Tab. 12
1 27200, IOTI10%, 6T —7°C 127 4 7 116 5,7
2 2T20°10T10% 5T —3°C 89 3 3 a3 15
3 2T20510T10% 13T ~7°C 58 3 25 30 50,9

Tab. 13
1 3T20° 10T 105, 8T —7°C 44 0 5 41 10,9

wie 0, gothice und E. iransverse sind auch gegen langdanernde Froste stark
resistent (bei —7°C wihrend 5 Tage keine bezw. 10,9%tige Sterblichkeit),
andere, wie C. erythrocephala, O. munda, O. stabilis weisen unter diesen Be-
dingungen bereits eine hohe (50,9, 72,3 bezw. 1009%tige) Mortalitit auf.

Spatfroste, die in der Mittel- und Siidslowakei im April und Mai verzeichnet
wurden, wiirden die betreffenden (auch weniger resigtenten) Arten direkt
kaum bedeutend beeinflussen. Da die Eier dieser Arten — praktisch ohne
Verluste — den 14-tigigen Aufenthalt bei 5 °C ertrugen, kann man annehmern,
dass auch im Freien eine Welle kalter Witterung keine bedeutende Eimor-
talitit mit sich bringt.

DISKUSSION

Die Resultate unserer fritheren Arbeiten (Patodka, Capek, Charvit,
1963; Patoéka. Capek, 1971) haben enge Beziehungen zwischen der Abun-
danzdynamik verschiedener Eichenlepidopteren und dem Auftreten der
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Spatfroste im April und Mai bewiesen. Eine Moglichkeit der Tatigkeitsmecha-
nik der Spatfriste kinnte die direkte Wirkung derselben auf die Eier der
betreffenden Arten vorsteilen. Die Eier derselben kommen zu dieser Zeit im
Freien vor und es verlaufen in thnen gleichzeitig rege physiologische Prozesse
der Embryonalentwicklung. Dabei handelt es sich zum Teil um Eier, deren
Embryocnalentwicklung — soweit es die Temperaturbedingungen erlauben —
auch wihrend der Winterzeit alimihlich vor sich geht und durch das Auf-
treten der wirmeren Frithlingswitterung beschleunigt wird — Archips cra-
taegane und Operophthera brumate (Hochmut, 1964; Mrkva, 1968). Bei
anderen wird die Embryonalentwicklung schon im vorigen Jahre praktisch
beendet, es folgt eine Diapause, nach welcher es — nach dem Genuss einer
entapreehenden Thermalsumme- zum Schlupfen kommt — Lymaniria dispar
(Schedl, 1936; Maksimovié, 1958 u.a.). Bei der letzten Gruppe kommt es
erst im Frithling zur Eiablage, nach welcher gleich eine intensive Embryonal-
entwicklung verlauft, welche unter Bedingungen im Freien nur etwa 10 bis
20 Tage dauert —— die Orthosia-, Conistra- und Eupsilia- Arten (Patoika, 1950
u.a.). Vertreter dieser drei Hauptm uppen wurden in die obenerwahnten Ver-
suche einbezogen, in welchen die tiefen Temperaturen wahrend der Spatfriste
im Labor nachgeahmt wurden. Obzwar das untersuchte Material und wahl
auch die Zahl der Versuche fur die endgiltige Klarung dieser Frage nicht ans-
reichen, kann man trotzdem resultieren, dass die Spatfroste im April und
Mai in der Mittel- und Siadslowakei durch ihre direkte Wirkung auf die Eier
kaum einen bedeutsamen Faktor der Abundanzdynamik der Eichenschmet-
terlinge vorstellen. Es ist dabei nicht ausgeschlossen, dass ihr Einfluss auf
die degenerierte, unterernahrfe Population in der forteeschrittenen Grada-
tionsphase einerseits, unter ausserordentlichen, extremen Witterungsbedin-
gungen auf manche empfindlichere Arten anderseits, stirker zum Ausdruck
kommt. Meistens aber soll man fiir die Wirkung der Spétfroste und nass-
kalter Witterung im April und Mai auf die Populationsdynamik der Eichen-
schmetterlinge eine andere, indirekte Erklarung suchen; moglicherweise
durch Stérung der Koinzidenz zwischen dem Schlipfen der Raupen un dem
Treiben der Nahrpflanze gemiss der Vermutung von Schutte (1957) bezw.
durch Becinflussung der Resistenz der Nahrpfianze und deren biochemischer
Eigenschaften als Nahrung fir die empfindlichen Jungraupen durch die
Witterungseinflusse.

ZUBAMMENFASSUNG

Laborversuche mit den Eiern des Wicklers Adrechips crataegana (Hb),
des Spanners Operophthera brumata (L.), des Schwammspinners Lymantria
dispar (L.} und mehrerer Moctuiden — Arten zeugen dafur, dass tiefe Tem-
peraturen (bis —8 (), welche in der Mittel- und Sudslowakei wahrend der
Sputiroste auftreten, durch ihre direkte Wirkung meistens kein Massenster-
ben der zu dieser Zeit vorkommenden Eier der Eichenschmetterlinge herbei-
fithren. Zu grosseren Verlusten kann in dieser Weise nur bei extrem tiefen
und vor allem langdauernden Temperaturen, sowie anscheinend bei der
geschwachten, degenerierten Population bei fortgeschrittenen Phasen der
Gradation kommen.
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OF HELMINTHS IN THE INTESTINAL TRACT OF THE COMMON MOLE {TALPA
EUROPAEA L.) IN THE AUSTRIAN ALPS

Jan PROKOPIC & Ivo GRULICH
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Abstract: Helminthologieal inspection of a total of 141 specimens of {'alpe curopaes L.,
trapped in 8 loealities of the Austrian Alps in altitudes from 480—2,100 m above sea level,
diselozed a total of 12 helminth apecies recovered from 88 moles (Fig, 1, Table 1), The mostf requent
helminth species were these: Spirura talpae (54 oases), Seboliphyme hirundiniformis {12 cases),
Capilluria talpae (11 cases); of the larval stages recovered from Talpa europaen, the most frequent
were those of the genus Porrocaecum. Up to altitudes of 1,600 m above sen lovel, we found 6 spe-
cies. Of zoogeographieal interest is the finding of the trematode Plogiorchis (Mudisglandularis)
macrobursatum, and of the nematode Soboliphyme hirundiniformis, which, until now, have been
reported only from Talpa cacca from the Caucasus. Helminths were found in 209, of subadult
females, 33.3%, of subadult males, in 55.9% of adult females, and in 75.7% of adult males,
In original, undisturbed areas, the ineidence of infeetion of the mole was considerably higher
than that in areas greatly changed by man-made aclivity.

Literary data are scarce on the distribution of helminths in the intestinal
tract of the common mole (Talpa europaen 1.) from Austria. In June 1967,
Doe. Dr. Ing. Ivo Grulich, CSe. captured 141 specimens of T, europaea in the
Austrian Alps. After teriological examination, the material was fixed in a
weak formalin sclution and sent for parasitological evaluation to the Institute
of Parasitology, Czechoslovak Academy of Sciences, Prague.

MATERTAL AND METEHODS

We examined in postmortem 141 specimens of Talpa europaca captured in 8 loealities (Fig. 1,

able 1).

. Pack-Sattel-Gurktaler Alpen (flysh belt) heavily pastured prass belts along spruce forests.

2. Stampf Pack-Stausee ((Gurktaler Alpen). alder-tree stands along the edges of pine forests
on the banks of a brook.

3. Vellach {Keravanken}, mainly from Devonian limestone reefs in continuous alder-tree stands
on a wido eirque with a vich herbal layer.

4. Geseldorfaee (Hohe Taucrn) flyseh rock with a eryatallic nueleus. Moist, grassy edges of pine
trees along the shore of a lake.

5. Innerkrems {Gurktaler Alpen), flysch-mountain rock-, mountain meadows and pastures,
often on heavily pastured meadows in Jarchtree foresta.

6. Kremsbriieke (Gurktaler Alpen), flyseh -narrow strips of alder-troe stands and other deciduous
woodplants along mountain brooks.

7. Kleinsolk (Hohe Tauern) fiysh with a erystallie nuelens, piedmont meadows deeply wedged
among mountain stands of autochthonous spruce.

8, Stein (Hohe Tauorn), flysh with g crystallic nucleus, valley meadows slong the river Enns,
partly in alder-tree forests,

T
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Fig. 1. Map showing the sites of eollection.
Explanation: the numerals in the cireles are identical with the numerals in Table 1 referring to
the ndividual localitios.

The method employed for the identification of the ago of the moles has been given in an earlier
paper (Grulich, 1967a).

The helminths were examined and evaluated in material fixed with 49 formalin. Trematodes
and cestodes were stained with boraxearmine, nematodes cleared with lactic neid. The helminth
species identified in this material are listed and deseribed in the text.

SYSTEMATICAL AND FAUNISTICAL SURVEY OF THE HELMINT SPECIES
I. Trematoda

1. Plagiarchis ( Multiglandularis ) macrobursatum Certkova, Rodonaja, 1965
Description. Body pear-shaped (Fig. 2). Average body length 0.8 mm,
width 0.3 mm. Oral sucker circular, average size 0.056 mm. Praf-pha.rvnx
0.018 mm in diameter, pharynx 0.030 mm. Ventral sucker oval, size 0.018 mm.
Intestinal bifurcation starting from ventral sucker downwazds and extending
of body (both branches). Sexual organs open cloge helow pharynx. Cirrusto end
sack encircles ventral sucker, its posterior end is extended to posterior edge
of testes, Length of cirrus gack €.310 mm, width 0.670 mm. Testes in posterior
half of body, diameter from 0.110—0.120 mm. Ovary between testes (to the
right of ventral sucker); it attains up %o 0.070 mm in diameter, Vitelline
glands composed of numerous follicles, extended along hoth sides of posterior
bady portion and merge in a medical line in anterior half of body. Uterus with
eges situated at caudal side of ventral sucker. Measurements of eggs from
0.030 to 0.034 mm x 0.017—0.020 mm.

Thiz trematode species was found in the small intestine of one of the 141
specimens examined.

Loeality: Gosseldorfsee (Kiirnten) altitude 480 m above sea level.
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Certkova and Rodonaja (1965) described this species from Talpa sp.
trapped at altitudes from 800—1,200 m above sea level in the Georgian
S.8.R. This is the second finding of this trematode, and the first finding
outside the territory of the Caucasus and, evidently, also the first finding
in Talpa europaea L.,

wwsp
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Tig 2 Plagsorchis mulliglandularia, Fig. 3. Duiepis undule.

II. Cestoidea
1 Rodentotaenia filamentasa (Goeze, 1782)

A species parasitic in members of the genus Z'alpa in the Palaearctic region.
We found it in the small intestine of 5 moles {out of a total of 141 moles
examined).

Localities: Pack-Sattel, 112 m above sea level; Kremsbrucke, 860 m above sea lavel.
This species was recovered from moles by Prokopié (1959) (1 39%), by
Genov and Dimitrova (1966} (12 0°)), by Prokopi¢ and Genov (1973)
(1.4%) and (129%).

2. Dilepis undula (Schrank, 1788)
A typical parasite of passeriform birds from the Palaearctic region. It de-
velops in Lumbricidae representing a major component in the mole’s food;

this accounts for frequent finding of immature forms of this cestode in the
mole. We recovered 8 specimens from the small intestine of one mole (Fig. 3).

Loeality: (esseldorfsee, altitude 480 m above sea level.
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Prokopié (1959) found this cestode species in Neomys fodiens, Sorex alpinus
and Crocidura suaveolens. Andreyko (1969) recovered it from the common
mole (6.259,) of Moldavia, Morozov (19568) from moles (7.35%,) of Belo-
russia, Merkusheva (1969) from moles 3.59%, of Belorussia, Prokopi¢ and
Genov (1973) from Czechoslovakia (1.29).

II1. Nematoda
1. Spirura talpae (Gmelin, 1790)

A parasite of the common mole, domestic cat, and common fox of the
Pzlaearctic region; it was obtained also from rats with artificial infection,
We recovered this nematode from the stomach of 34 moles (out of a total
of 141 moles examined).

Loealities: Vallach, 1,050 m above sea level; Gesseldorfsee, 480 m above sea level; Innerkrems,
1,600 m above sea level; Kremsbricke, 960 m above sea level, Klamnsolk, 1,400—1,600 m ghove
sea level; Stein, 850 m above sea level.

Prokopi¢ (1959) found this species in 49, of moles from Czechoslovakia;
Stammer (1959) in 11 moles out of a total of 19 moles from the German
Federal Republic: Janchev (1965) in the common mole from Bulgaria;
Furmaga (1959) in Poland; Merkusheva (1969) and Morozov (1958)
in Belorussia, Chiriac and Hamar (1966) in Rumania,

2. Morganiella talpae (Morgan, 1928)
A parasite ot the small intestine of the common mole from the Palaearctic
region. We recovered it from 5 out ot & total of 141 moles.

Localities: Gesseldorfses, altitude 480 m; Innerkrems, 1,600 m; Innerkrems, 2,100 m.

Prokepié {19589) recorded this species in 13.6% of moles from Czecho-
slovakia, Stammer (1955) found it in 9 out of a total of 19 common moles
from the German Federal Bepublic; Andrevko (1968) in the same host
from Moldavia; Furmaga (1959) in Poland; Merkusheva (1969) in 38.4%,
of moles from the White Russian S.8.R.

3. Tricholinstowia hinstowi {Travassos, 1918)
A parasite of the common mole, commen shrew, and water shrew from the
Palaearctic region. Out of a total of 141 common moles we found it in 3 moles.
Looalities: Pack-Sattel, altitude 1,126 m: Pack-Stauses, 800 m,

Stammer found this species in 7 out of a total of 19 specimens of the common
mole from the German Federal Republic, Prokopié¢ (1059) in the water
shrew from Czechoslovakia.

4. Capillaria capillaris (Linstow, 1882)

A parasite of the urinary biadder of the common mole and other insectivores
of the Palaearctic region. We recovered it from one of the 141 specimens
of the common mole examined.

Loecality: Stampf, altitude 800 m above ses level.
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Stammer (1955) recorded this species from 4 of the 19 specimens of Talpa
europaea; Prokopié and Genov (1972) from the same host (89,) in Bulgaria.
Morozov (1958), Grygorev {1963}, Merkusheva (1969), Karasev (1966)
recorded findings from Belorussia, Soltys (1954) from Poland, Prokopié
{1959) found this species in Sorex arancus, S. minutus and Neomys fodiens
from Czechoslovakia.

5. Capillaria talpae (Siebold, 1850)
A parasite in the intestine of the common mole from the Palaearctic region,
We found it in 11 specimens of T'. europaea (out of a total of 141 specimens
examined),

Localities: Pack-Sattel, altitude 1,128 m; Pack-Stausee, 800 m: Vellach. 1.050 m; Gessel.
dorfsce, 480 m; Innerkiems, 1,600 m: Kromsbrucke, 960 m; Klemnsolk, 1,400—1,600 m.

i

This species was recovered from 7'. euwropeea by Sovinov {1960) in the
Kalinin district of the U.S.8.R., by Karasev (1966) and Merkushevs
(1969) from Belorussia, by Furmaga (1959) from Poland, by Prokopit
(1959) from Czeches]ovakla and by Prokopié and Genov (1972) from
Bulgaria (49,) and Czechoslovakia (0.89,).

6. Parastrongyloides winschesi Morgan, 1928

A parasite of the small intestine of the common mole and other insectivores
from the Palaearctic region. We recovered it from 5 out of a total of 141
common moles

Localities: Klemnsollk, altitude 1,400—1,600 m above sea level, Kremsbrucke, 960 m above
sea lovel; Gesseldorfsce, 480 m above seea level; Paclk-Stausee, 800 m above sea level, Stein,
850 m above sea level.

Stammer (1955) recorded findings of this species from the German Federal
Republie, Vasilev (1949) from the surroundings of Leningrad, Mustafavev
(1964) from the Transcaucasus, Morozov (1958) and Merkusheva (1969)
from Belorussia, Prokopié (1959) from (zechoslovakia, and Prokopié and
(enov (1972) from Bulgaria and Czechoslovakia.

7. Soboliphyme kirundiniformis Kirschenblatt, 1946

Kirschenblatt’s (1946) original description of this species is from Talpa
caeca orientalis Ognev from Abkhazia (Georgian S.S.R.} and, until the
present, it has not been found elsewhere. In view of the scarcity of this species,
we are giving a description of our finding.

Large oval nematodes with a typical sucker on the anterior body end
(Fig. 5). Length of male 22—24 mm, width (.40—0.55 mm. Diameter of
sucker 1.100—1.140 mm. Length of cesophagus 3.4—3.6 mm, width 0.76 to
0.77 mm. Posterior ending of male’s body obtusec. Bursa (opu]atru typically
bell-shaped, closed, in direction towards the ventral side, width 900—940 u.
Spicule (one, Fig. 6.) 2.300—2.360 mm long. Length of female 27— 30 mm.
width 0.85—0.90 mm. Diameter of sucker 1.530 to 1.750 mm Qesophagus
length 3.3 4.7 mm, width 0.500—0 550 mm. Vulva situated in anterior
third of body, approximately at 5.8 to 6.3 mm from proximal margin.
Uterus and ovary formed by a simple, long tube. Eggs lemon-shaped (Fig. 5),
size 66 —70 X 38—42 pum. Distal end of body obtuse, Anal pore at 0.34- 0.35
mm from distal body end.
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We found this species in the stomach Fig. 4. of 12 specimens of the common
mole (out of a total of 141 specimens examined).

Localitios: Gesseldorfasee, 480 m above sea level; Pack-8tauses, 800 m above sea level; Vellach,
900 m above sea level; Pack-Sattel, 1,125 m above gea lovel; Kiemnsolk, 1,200 m abaove sea level;
Innerkrems, 1,600 m above zea level.,

8. Julinea gp.

Minute, oval worms attenuated at both ends. Oesophagus terminates in
small bulbus. Oral cavity bears 3 lips. Cuticle on proximal body part with
transverse striation. Length of male 0.9—1.0 mm, width 0.045—0.050 mm.
Diameter of head 20—24 pm. Length of vesophagus 0.160—0.170 mm. Dia-
meter of bulbus 0.025—0,030 mm. Nerve ring at 0 080—0.084 mm from pro-
ximal end of body. Intestine straight, elarged below the bulbus, later attenu-
ated. Spicules 0.051 —0.055 mm. Overall length of female 0.95—1.500 mm,
width 0.050 —0.06 mm. Diameter of head 0.020—0.025 mm. Length of oeso-
phagus 0.170—0.190 mm. Diameter of bulbus 0.028 —0.032 mm. Nerve ring
at 0.085—0.090 mm from anterior body end. Intestine enlarged below the
bulbus, then attenuated. Anal pore at 0.036—0.040 mm from distal body
end. Vulva approximately in mid body. Eggs irregularly ovsl, size 0.040 to
0.041 mm x 0.018 —0.024 mm. Body ending conical tail. The species was
obtained from the stomach of 4 specimens of the common maole out of a
total of 141 animals examined.

Loealities: Vellach, altitude 1,050 m above sea level; Innerkrems, 1,600 m above sea level;
Kremsbrucke, 960t m above sea level.

We recovered this species from the stomach only. In view of the atypical
location of oxyurids in the stomach, and of the fact that none of the members
of the family Blattophilidae Klos, 1960 are known to parasitize the common
mole, or other mammals, it is possible that the phenomenon involved was
not true parasites. The stomach of the moles contained frequently remnants
of various insect species and milipedes, from which these nematodes could
have been released and than survived in the stomach of the common mole
for a certain period. We observed frequently similar cases in members of the
genus Sorer (unpublished).

9. Porroraecum sp. (larva)

Adults of the genus Porrocaecum parasitize birds. Larvae of this genus found
in the common mole belonged to various species, e.g. I'. depressum, P. ensi-
caudatum, P. lelpae. Porrocaecum larvae are generally difficult to identify,
Insectivores, the common mole inclusive, are reservoir hosts of these para-
sites; Lumbricidae, which are ingested by the reservoir hosts are utilized as
the intermediate hosts. The larvae penetrate the wall of the intestinal tract
of the reservoir host and encyst on its outer wall. IFrequently, a large number
of larvae (up to several hundred) cumulate in the abdominal cavity of the
common mole. If a carnivore feeds on a common mole {or other insectivores)
infected with these larvae, it is utilized by the adult worm as its definitive
host.

In the complementary host, larvae of the genus Porrocaecum encyst on the
outer wall of the stomach and intestine, in the abdominal cavity, the liver
and, in several instances, on the surface of the genitalia (testes). We found
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Table 1 Survey of the age and sex of the moles, of the loeshties and date of trapping

No., of No of

Locality Date - June 19687 Altatude exammned  posi- o
moles  tive
moles
Pack - Sattel — 1 13-14 1125 40 15 375
Stampf Pack - Stausee — 2 i4 800 5 ] 40.0
Vellach — 3 15—16 900 — 1000 17 7 41.2
Gesseldorfses — 4 1718 480 20 11 55 0
Innerkrems — 5 19 -20 1600 21 17 80.9
Kremsbrucke — 6 21—23 960 23 20 36.9
Klemsolk — 5 2425 1200— 1500 4 9 100.0
Stein — 8 26 850 8 6 100.0
Total 13— 26 480 — 1600 141 =1 62.4

them in 39 specimens of common moles {out of a total of 141 specimens exa-
mined).

Localities. Paek-Sattel, 1,128 m above ses lovel; Pack-Stausee, B00 m above sea level; Vellach,
1,050 m above sea level; Gesseldorfsee, 480 m ghove s0a level; Innerkrems, 1,600 m above sea
level; Kremsbricke, 960 m above sea level; Klemsolk, 1,400 —1.600 m above sca level; Btemn,
850 m above sea level.

ECOLOGICAL AND GEOGRAPHICAL REMARKS

According to the data available, Talpa europaen L. is parasitized by 5
species of trematodes, 11 species of cestodes, 25 species of nematodes and
4 species of acanthocephalans. We found a total of 12 species in our material.,
Of the 45 helminth species recorded from Talpa europaeq, 13 species (289,)
were at the larval stage. These we are mainly parasites of beasts of prey and
carnivores; the common mole is utilized as the intermediate host by, e.g,
Hydatigera taeniaeformis, Taenia tenwicollis, T. crassiceps, ete., or as the
reservoir host, by e g Alaria alate, Spirocerca Tupi, Physocephatus sexalatus,
Ascarops strongylina, ete. Other larvae recorded from the common mole are
those of the cestode Dilepis undule, Amoebotaenia lumbrict; these develop in
Lumbricidae, their definitive hosts are passeriform birds. They occur with
considerable frequency in Talpa europaea, generally in the immature stage
in the intestine, An exceptional finding was that of the oxyurid worm Julinea
sp., which, apparently, had been released from an arthropod ingested by the
common mole and survived for a certain period in its digestive tract.
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In our material from the Austrian Alps, the most frequent parasite of the
common mole was the nematode Spirura talpae. Merkusheva (1963) found
8. talpae in approximately 0.59%, of specimens from the Belorussian S.S.R.
Moles living in high altitudes are, evidently, more frequently attacked by
biohelminths which require the presence of an intermediate host.

Morgeniella talpae, Tricholinstowia linstows, Capillaria talpae appear to be
distributed over the areas inhabited by Talpa europaen.

The trematode Plagiorchis ( Multiglandularis) macrobursafum was found
in altitudes up to 480 m above sea level in the Austrian Alps, the cestode
Rodentotaenia filamentosa in arcas from 480—1,125 m above sea level, the
species Spirura talpae, Morganielle talpae, Capillaria talpae, Parastrongyloides
winchest, Soboliphyme hirundiniformis, Julinew sp., Porrocascum sp. were
distributed in areas up to 1,600 m above sea level, The only two species found
at an altitude of 2,100 m above sea level, were Spirura talpae and Morganiella
talpae.

The locality with the lowest incidence of infected specimens of T'. europaca
was Pack-Sattel. In thiz highly exploited agricultural area, the moles settled
only temporarily on intensively cultivated meadows and pastures, and along
the edge of spruce forests pastured occasionaly. A higher degree of parasita-
tion was found in waterlogged arcas near Pack-Stausee and Vellach. The
incidence of helminth infection reached up to 55%, along the edge of spruce
cultures and ploughed moist meadows near Gesseldorfsee. An extremely high
incidence of infection, close to or reaching a 1009%,, occured near Kremsbriicke,
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Innerkrems, Kleinsélk, and in the viecinity of the village Stein in the valley
of the river Enns. Evidently, in these natural and relatively nndisturbed
areas, the diversity of species and their numbers are larger, and 7. europaca
fecding on these species, acquires infection more readily than in areas distur-
bed by man-made activity in which both the diversity and number of species
on which the mole feeds are lower. This confirms the rule laid down by
Prokopié (1972}, the number of species attacking a host is bigger in less
disturbed biogeocenoses with optimal conditions, than in disturbed bio-
gE0Cenoses.

Reproduction of Talpa eureopaca occurs once a year in central Europe
(Grulieh, 1959). Young individuals constituting approximately 709, of
populations inhabiting the High Tatra Mts., the Beskydy and Jeseniky Mts,
were found from the first days of June in the hunting tunnels of the mole
(Grulich, 1969). The situation was similar in the Austrian Alps. The period
of postnidal life (after changing from mother milk to adult food) has, evi-
dently, a considerable effect on both the intensity and incidence of infeetion
(Table 1), In samples from various populations of 7. europaea from the
Austrian Alps, young specimens feeding on adult food were present for 30
days only; adults. however, are known to fed on this food for 13 months at
the minimum, 49 months at the maximum, Of the 10 subadult females exa-
mined, two specimens only were positive (209,), of the 27 subadult females,
9 specimens (33.39%,) were positive, of the 34 adult females examined, 19
specimens (565.9%,) were positive, of the 70 adult males examined, 53 speci-
mens (75,7%,) were positive.

This survey indicates that the incidence of helminth infection is very dif-
ferent in adult and subadult moles. Helminthological postmortem inspection
of 104 adults of the common mole discloged positivity in 76 cases (73.1%,),
while in the 37 subadult male and female specimens, positivity was found in
11 specimens only (29.79%).

A considerable difference in the incidence of infection was observed bet-
ween males and females. Of the 97 adult and subadult males in our material
from the Austrian Alps, 62 specimens, i.e, 63.99, were positive, while of
the 44 females (adults and subadults) 25 specimens only (56.89%) were
positive. In our opinion, the higher incidence of infection in the male may be
due to the fact (Grulich, 1967b) that the intake of food of the male is
bigger than that of the female and, hence, the male ingests more infected
individuals harbouring larval helminth stages The average weight of the
male is 17.1%, higher than that of the female. This difference, stipulated
by secondary sexual dimorphism. iz reflected also in subadult males and
females. Also the homing range of the males is wider that of the females,
and they are considerably more mobile. These facts are reflected in the re-
presentation of the individual sexes in the catches. (Grulich, 1969).

The seasonal incidence of the individual helminth species could not be
estimated from our material.
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GENETIC ANALYSIS OF RESISTANCE FACTORS IN A WILD STRAIN OF THE
HOUSE FLY (MUSCA DOMESTICA) RESISTANT TO DDT AND SOME ORGANO-
PHOSPHOROUS INSECTICIDES

Vicray RUPER & Jarmia PITNEROVA
Reepived June 19, 1975

Abstract: A genetic analysis of resistance factors was made in & DDT and organophosphate
resistant strain of the house fly captured in Czechoslovakia in 1973, The resistance to DDT
was strongly synergized by Warf-antiresistant and F-DMC, and mildly by sesamex and TBTP.
Resistance to trichlorfon was largely reduced by scsamex and removed by TBTPE. Resistance
factors were determined only on chromosome 1T and ITI. On chromosome 111 the factor allelie
with gene Pen was present, enhaneig in the interaction the effeets of the factors on chromosome LI,
On chromosome 11 the gene DDT-asa present which cause the greatest part of resistance to DDT
and least two factors for resistance to organophosphates. These factors can be separated by
& crossover process of which one is synergized by sesamex and the other by TBTP, Both contribute
to a certain extent to DDT resistance.

Resistance to organcphosphates in the house fly was ascertained in Czecho-
slovakia in 1973 in an area where Nexion (active substance bromophoes-ethyl)
had been used for a number of years {(Rupes and Pinterova, 1973). Of the
strains captured in this area the greatest resistance was found in the strain
QO which was also a considerable resistant to analogues of juvenile hormones
(Rupes, Zdarek, Svandov4, Pinterova, 1975) and whose genetic ana-
Iyqis of resistance factors is presented.

MATERIAL AND METHOLS

Btrains of house fly used: the resistant wild strain O, captured in & relatively isolated locality
not far from Brno in January 1973. For the last four years before its eapture Nexion had been
used For its cantrol, In the laboratory it was not selected, genetical experiments were started in
the generation Fj and resistanee of the strain O remained unchanged from the beginning until
the end of the experiments.

The susceptible multimarker strain ae; ar; bwb; oera (designated below as aabo) with recesaive
morphologieal markers upen chromosome I, IT, IIT and V. The strain had been received from
Prof. Milani, University of Pavia, Ttaly.

The larvae of the flies were cuitivated on a medium composed of dried yeast, dried milk,
agar and water (Sawioki, 1964). Adults 3—10 days of age, fed an sugar af a temperatnre of
26° (, were used for the experiments. Insecticides and synegists were appled topieally under
ether anesthesic, in an amount of 1 pl acetone solution. Synergists were applicd 0.5—2 hours
before the application of insecticide on the abdomen tip, The inseeticides were applied on the
dorsal thorax, Mortality was read after 24 hours, the experiment with each concentration was
repested 2—4 times, always with 15 individuals,

LDgy and LDy values were estimated by the graphio probit analysis according to Lichtfisld
and Wileoxon {(ex Roth, Josffko, Maly, Trika, 1962).

The following insecticides were used: pp”- DDT (designated below as DDT, recrystallized from,

aleohol, produced by Spolana Neratovies), trichlorfon (produced by Spolana, Neratovics),
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Fig. 1. Mortality lines of females of strein O after treatment with DDT alone and with DDT
and synergists. (W = WARF -antiresistant in & dose of 5 pg/fly, SES — sesamex in a dose of
2 ygffly, TBTP in a doss of 1.25 pgfiy).

bromophos-cthyl (Cela, Ingelheim), fonitrothion {Chemicel Plants J. Dimitrov in Bratislava),

dighlorvos (Bayer). dimethoate (Germet, GDR), fenitroxon, TBTO (= tributhyltinoxide),
TBTA (= tributhyltinacetate), as well as the following synegists: WARTF-antiresistant (= N, N-
-di-n-buthyl-chlorobenzenesulphonamide), F-DMC (= bis .(p-chlorophenyltrifiuoromethyl

earbinol), TBTP (= 8,8,8-tributhyl phosphorotrithionate) and sesamex. Except DDT, all
substances wern used without further purification and treatment.

In the mass cresses 100 virgin females and the same number of males were used, for single
pair crossing the modified method deseribed by Sawicki and Fernham (1968) was used.

RESULTS

Resistance of strain O to various insecticides is presented in Table 1 and
to DDT in Fig. 1. Sesamex reduced substantially resistance to trichlorfon
and to DDT, and eliminated it entirely to fenitroxon. WARF-antiresistant
eliminated almost completely the resistance to DDT, TBTP removed resist-
ance to trichlorfon and reduced it considerably to DDT.

Resistance to DDT and to bromophos-ethyl of F, generation reciprocal
crosses 0« aabo was very similar. Table 5 and fig. 1 demonstrate the re-
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Tab. 1. Insecticide resistance in strain 0

Susceptibility Factor of resistance***
. _ : of strain aabo of strain 0 at
insecticide synergist Sex
LDso LDag LDsa LDy

in pg/fAy in peifly

bromophus-ethyl 2 0.019 0.063 60 74

& 0.006 0.015 & 65

trichiorfon @ 0.12 .20 56 85

a3 0.06 0.084 1256 167

trichlorfon + g — — 14 13

sesapmex® a - — 13 14
tricklorfon - 2 - — < 0,1 < 0.1
TBTP** a — — 20.1 < 0.1

fenitrothion ¢ 0,042 0.06 18 22

g G.015 0.032 19 23

fenitroxon e 0.19 0.6 13 15

g 0.12 0.26 10 17

fonitroxon g - = 0.5 1
sesamex* & - — 0.5 n.6

rlichlorvos e 0.0005 0.0614 14 a2

8 0.0004 .0045 8 17

tlimethoate 2 0.004 0.008 8 10

3 0.0012 0.0028 7 10

* sesamex in dose of 2 ug/fly
** TBTP in dose of 1.25 ug/fy
*** factors of reistance were estimated by relating to susceptible sabo strain in all tables

sistance of the offsprings of the coss 2 0 x & aabo which may be regarded
as intermediary.

In the females and males of the offsprings of the back-cross ¢ aabo x
X & (30 x 9 aabo) all markers were at expact>d frequency, indicating
normal segregation and the absence oi the M (LII) factor. Similar segregation
was observed in the offsprings @ aabo X 3 {?0 X 3 aabo). From this progeny,

Tab. 2. Buseeptibility (in ug/fly) of females of substrain O—TI and O -V

ok 0-I a-v
Tnwicaeida L6k LDgs LDso LDgo
bromophos-ethyl 0.017 0.022 0.017 0.024
“richlorfon 0.007 0017 0.08 0.11
Tanitrothion == — 0.007 0017
IDT 0.18 0.39 0.07 013
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Tab. 3. Susceptibility (1n pg/fly) and resistance m substrain O —TI

Tnzectinde alone Pretreatment with
Ingecticido factors of
resistance at segamex® TBTP#**

Sex LId;p LDgp LDsy LDgp LIse LDgs LDss  LDgo

bromophos-athyl o} 06 11 30 18 ™73 14 0012 0.022
3 0.3 06 i} 41 0.37 L% pe0d 0,007
teichlorfon ? 16 17 12 i9 0025 ang 006 0.012
& 1.3 2T 21 30 ninl 003 403 0.008
femutrothion 2 030 ] ] 15 — — o012 0023
3 0.08 0.5 G 15 - - 0.005 .01l

¥ gesamex n dose of 2 pg/fly
** TBTP 1n dose of 1.25 pgffy

using the process described by Sawicki and Farnham (1968), 4 types of
substrains were raised each, of which carried in the homozygous stage only
one autosome of strain O, whereas the other antosomes were derived from
the susceptible strain aabo. Chromosome IV wag disreparded in this con-
nection.

The Euscep‘mblllty of the substrain carrying the homozygous stage chromo-
some | of strain O, designated O-I, was very similar to or higher than the
susceptibility of the strrain aabo {Tab 2) from which it may be assumed that
chromogome [ does not carry resistance factors.

The situation was similar in the substrain O-V, carrying in the homozygous
stage chromosome V. This chromosome, too, has no resistance factors which
was borne out by fact that the progeny of the phenotype ac; ar; bwb crossing
2aaho x J(9 0O x aabo) was massreared for threc followmg generation
whereby individuals of ocra were eliminated in each generation. The surcep-
tibility of the flies ocra* of all three generations resembled clogely that of the
substrain O-V and the mortality line was straight. Mortality O-1009, was

Tab. 4. Susceptibility (in pg/fx) and resistance of substram O —TIT

Factor of resistance at

Inzecticides Sex LDso LDuo L.Dy0 LDyo
bromophos-cthyl 2 0.03 0.062 1.6 0.8
3 0.018 3.025 3 16
trichlorfon g 0.026 0.042 < 0.5 <{.5
3 §.011 a 020 < (L3 = 0.5
fenitrothion @ 0.011 0.018 < 0.5 < 0.6
3 0.01 0.017 0.8 .56
DoDT e 0.14 0.26 < L5 < 0.5
3 0.034 .08 =< 0.5 <05
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Fig. 2. Mortality hnes of females of substrain 0-11 and progeny from eross O-I1 with azbo and
with Q-III after treatment with DIDT alone and DDT with sesamex and F-DMC. (BES = sesamex
in a dose of 2 pg/fly, F-DMC 1n a dose of 0.625 pg/fly.)

caused by doses of 0.005—0.035 ug/fly of bromophos-ethyi, 0.002-0.039 ug/fly
of trichlorfon and 0.04-1.56 pg/fly of DDT.

We further reared 2 substrains carrying in the homozygous stage chromo-
some I1 of strain Q. Their susceptibility to bromophos ethyl and to DDT was
very much alike, the more fertile substrain was selected for further exper-
iments and designeted O-I1. LDsg and LDy, values of the second substrain
for bromphos-ethyl were 0.56 and 1.3 pg/flv for the female and 0.36 and
0.72 pg/fly for the male.

Table 3 shows the resistance of the substrain O-11 to organophosphates.
In no case did thewr level ot resistance achieve the value of strain Q, the dif-
ference was largest at fenitrothion. TBTP eliminated completely resistance
to all organophosphates tested, sesamex suppressed 1t entirely to trichlorfon,
but was inffective to bromophos-ethyl.

Resistance to DDT was also lower than in strain O and was compleely
eliminated by F-DMC. Sesamex increased substantially the steepness of the
meortality lines. The situation in females is illustrated in Fig. 2, in males the
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Tab. 5. Suseeptibility (in pg/fly) and resistance in erosses of O % asbo, Q- II % aabo, O—TIIT =
% O—IL and O—TII x O—V.

bromophos-ethyl Trichlorfon
Cross backeross factors of faotora of
resistance at resistance at

Sex LD;Q LDgo I:Dﬁ“ LDgo LDgg LDQO LDgo LDso

20 x g aabo g .6 1.3 31 21 = —
a 031 0.7 51 46 — =

F0O-I1 x & aabo °) 0.26  0.78 13 12 .16 0.45 1.3 2.2
e) G.14 022 23 14 — —

Zaabo x & ({§aabo x 3 0-II) Fart 0.28 0.66 15 15 — —
Far 0,02 0.1 1 1.6 — —

2 aabo x 3 O—1IT g 6.23 0.75 12 12 0.14 037 1.1 1.6

20-III » 3 O-II 2 046 1.1 24 17 1.1 2.5 10 15
4 0.32 063 53 42 — —

FO0-II x 20-V @ 0.020 0.0656 1.2 0.9 0.036 0043 05 05

results were similar. All these results indicate the presence of a further
resistance factor on chromosome IT1.

The substrain O-III carrying chromosome TIT of strain O in the homo-
Zygous stage was maderately resistant to bromophos-ethyl and DDT, however,
not to trichlorfon and fenitrothion (Tabie 4).

In the progeny of reciprocal crosses O-I1 x aabo resistance to bromophos-
-ethyl was intermediary, to trichlorfon recessive. (Table 5). Resistance to
DDT was almost dominant (Fig. 2). In the progeny of the back cross § aabo %
X 4 (¢ aabe x @ O-11) only the individuals ar* were resistant to bromophos
ethyl and DDT, the flies ar were susceptible (in Table 5 and Fig. 3 only fe-
males are given). On the other hand the mortality line of females ar from the
back evoss Q (¢ aabo x & O-II) x 4 aabo showed at the application of DDT
a distinct plateau in mortality of 809%, between doses of 0.18—3.12 ug/fly.

Tab. 6. Resistance of fernales to TBTC end TBTA

Strain TBTO TBTA o
substrain factors of resistance at factors of resistance a
cros LDsa LDy LDss LDy
(0] 2.7 4.5 1.8 2.7
O-T1 1.4 1.6 — _
O—1I11 1.7 2.2 1.1
20-IL x g O—IIT 1.7 2.2 - -

* LDgs¢ and LDgg for females of aabo {in pgifly) 0.3 and 0.4 respectively
#* LDss and LDy for females of aabo (in pg/fly) 0.6 and 0.9 respectively
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Fag. 3. Mortality lines of females ar and art of reciproeal crosses (8 O-IT x 4 asbu) X asbo
after treatment with DDT alone and DDT with sesamex. (SES = sesamex in a dose of 2 pgffiy )

In females ar+ the mortality rate was higher than in females ot the I'; genera-
tion from cross O-II x aabo. This indicates a 20%, crossing over between
resistance factors to DDT and the marker ar (Fig. 3).

In the F; generation of the cross ? O-TH X 3 O-11 the interaction of factors
of chromosome II and III in the heterozygous stage manifested itself dis-
tinctly in an increased resistance to all insecticides tested (Table 3, Fig. 2.).
The ¥ generation of cross 2 O III X & O-V was not resistant to the in-
secticides tested (Table & only. bromphos-ethyl and trichlorfon are given).

Since results indicated the presence of gene Pen (Sawicki, Farnham,
1969) on chromosome I1I, susceptibility to TBTO and TBTA was tested
(Table 8). Resistance of strain O to both chemicals was weak and was en-
hanced by factors of chromosome IT and TIT.

In another experiment the adults of ar from cross ¢ (¢ aabo » g O-1I) x
X & aabo were selected by a dose of hromophos-ethy! which induced & 100%
mortality in flies of strain aabo. Females were applied a dose of 0.3 ug/fly,
males 0.15 pg/fly. Less than 10% males and females survived the selection.
Of 7 pairs formed only one was ertille. Tts offspring, substrain 3, tested from
the F; generation showed almost an identical resistance to bromophos-ethyl
as the substrain O-IT, while susceptibility to DDT and trichlorfon resembled
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closely the susceptibility of the strain aabo. Thus it is probable that the
cross over process separated resistance factors to DDT and trichlorfon from
resistance to bromophos (Fig, 4 and 5),

DISCUSSION

From the above results follows that in the wild strain O the factors of
resistance to insecticides are on chromosome II and ITI. Upon chroemosome
IIT is probably factor alelic gene Pen (= Organotin-R) (Sawicki, Farnham,
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Fig. 4. Mortality lines of females of substrain 3 (for detailes see text) after treatment with DDT
and trichlorfon (TR = trichlorfon).

1969; Hoyer, Plapp, 1968) which in itself induces weak resistance to bromo-
phos-ethyl and to TBTO, but not to DDT, trichlorfon and TBTA. It mani-
fests itself more clearly in the interaction with the other factors, even in the
case of insecticides to which it does not induce resistance by itself.

On chromosome II the situation is more complicated. Apparently the gene
DDT-ase for dehydrochlorinase of DDT present, being responsible for the
greater part of resistance to DDT. Its persistence in the population which
at least for four years had not been contreled with DDT, is remarkable.

1356



989 /*. 3
g9 | /
[ /’aabo
5—‘95 [ /BR gR
=590 L /
gao i //
0 |
70 y
‘;gso - y o
<30 | /
520 i /
810 . /
sl
17 [ //
/
61 4 i i ; H
¥ 4

0002 0008 0035 015 06 25
DOSES INug/ FLY

Fig. 5. Mortality lines of fomnales of substrain 3 (for details see text) after tretment with brome-
phos-ethyl (BR = bromophos-ethyl)

At least two factors present account for resistance to organophosphorous
insecticides that can be separated by a crossover process of which one,
synergized by sesamex, is probably the gene Ox? (Khan et al., 1973). The
apparent influence of sesamex on the resistance to DDT may be ascribed to
a certain ability of the gene Ox? to induce resistance to this substance, too,
or to unspecific effect of sesamex. TBTP synergizes, at least in strain SKA,
the effects of the gene a (van Asperen, Openoorth, 1960) as the effects of
gene g (Oppenoorth et al, 1972) for glutathion transferase (Lewis,
Sawicki, 1972). On the basis ot the experiments it cannot be desided which
of the two genes is present, or exclude the presence of hoth. The substantial
effect of TBTP on the resistance of strain O to DPDT indicates the participa-
tion of glutathion-dependet water soluble enzymes for the degradation of
organophosphates on resistance to DDT, as stated by Motoyama and
Dauterman (1974),

Resistance to trichlorfon in strain O and substrain O-II is more strongly
synergized by TBTP than by sesamex. Resistance to bromophos-ethyl is
synergized to a lesser degree by TBTP than resistance to trichlorfon. At the
same time resistance to bromophos-ethylis intermediary in the heterozygous
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stage, while to trichlorfon it is almost recessive. This can be interpreted to
the effect that resistance to bromophos, ie. a substance with selected re-
sistance, is caused by at least two factors which interact in the heterozygous
stage. Resistance to trichlorfon is, at least to a greater extent, caused by
only of these factors, the effect of which is eliminated by TBTP. The simul-
taneous separation of resistance to DDT and to trichlorfon may be explained
by the localisation of both factors on the chromosome.

It was not possible to make a more detailed study of individual factors
due to the relatively low resistance and to the considerable overlapping of the
mortality curves. The results show the state of resistance factors at a time
when, as a consequence of resistance, the insecticide used ceased to be effec-
tive in field applications.
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DER SEXUELLE DIMORIPHISMUS UND DIE ABHANGIGKEIT DER RELATIVEN

GROSSE DER PLASTISCHEN MERKMALE VON DER KORPERLANGE DER

ELRITZE (PHOXINUS PHOXINUS — CYPRINIDAE) AN VERSCHIEDENEN
ORTEN [HRES VERBREITUNGSAREALS

Paver REPA
Eingegangen am 17. Februar 19756

In memoriam Doz, Dr. Waller Cprnj' goewidmet

Abstrakt: Der Verfasser veiglich ber 25 plastischen Merkmalen der Elritzen aus einigen
europilischen Lokalitdten die U. torschiede zwizchen den beiden Goschleshtern, und che Abhingia-
keit threr relativen Grésse von der Kérperlange, Bei der Mehrzahl der untersuchten Merkmale
wurden im sexuellen Dimorphismus und in der Tencenz der Anderungen der relativen Grisse
an allen vorfolgton Lobalitéton gleiche Unterschiede fostgestellt, Der Verfasser st der Mei
nung, dass bei cinigen plastisechen Merkmalen der Elritze eine gewwsse geographische Varia-
bilitat der Abhangigkeit ihrer relativen Grisse s on der Korperlinge vorhanden sei.

EINLEITUNG

Die Elritze weist bei einigen plastischen Merkmalen bedeutende Unter-
schiede zwischen den beiden Geschlechtern auf (Vladykov, 1927; Oliva,
1952; Lohnisky, 1964). Bei der eingehenden Analyse von 25 plastischen
Merkmalen der Elritze aus Siidwestbéhmen (Stromgebiet der Elbe) habe ich
nachweishare Unterschiede zwischen den Geschlechtern bei einer ganzen
Reihe dieser Merkmale festsgestellt (Repa, 1970). Auch habe ich bei cin-
zelnen Merkmalen eine Abhangickeit ihrer relativen Grosse von der wachsen-
den Korperlinge registriert. Da es mir in den letzten Zeit moglich war die
Messungen an einer ziemlich grossen Zahl der Elritzen aus verschiedenen
Lokalitaten der CSSR und an einer gewissen Menge dieser Fische aus weiteren
europdischen Fundorten vorzunehmen, verfolgte ich die obenerwihnten
Erscheinungen auch an diesem Komplex. Das Ziel der Arbeit war fest-
zustellen, ob sich der sexuelle Dimorphismus und die Abhéngigkeit der rela-
tiven Grisse der plastischen Merkmale von der Korperlinge immer auf
gleiche Weise offenbart, oder ob in dieser Hinsicht bei den Elritzen aus
verschiedenen Orten ihrer Verbreitungsareals Unterschiede vorhanden seien.

MATERIAL UND METHODIK

Es wurde folgendes Material verwendet:

Britische Inseln: 1 Ex. aus Fluss Severn in dor Graftschaft Montgomery 1946, 6 Ex aus
Llynbenguilin in Wales, 1864, 4 Ex aus Buchana-See, Pertshire, Schottland, 1925, § Ex, sus dem
Fluss Roding in Eszex 1971, 1 Ex. aus dem Fluss Wye, Gloucestershire 1960 (das gosamte Material
starnmt aus den Sammlungen des Britischen Museums London — weiter nur BML).
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Spanien 3 Ex sus Pyrencen ( us den 8 mmlungen des Naiurhistorrsahen Museuns 1n Wen,
waiter nur NMW, Kat Nr 51243), 3 Ex aus Amgonaga bel Bilbao (NMW Kat Nr 51270).
Stromgebiet des Rheins 4 Ex aus Waiblingen, Wurtemberg, 2 Ex. aus dem Fluss Mam,
3 Ex. aus dem Rhein ber Btrasshurg {allea BML), 5 Ex aus dem Main {(Sammlungen des Natur
Museums und Forschungsinstitutex Senckennberg in Frankfurt M, weiter nur SMF - - Kat.
Nr. 99), 4 Ex. aus Salzbach her Salzwog {SMF 4824), 4 Ex, aus Horbach, Zieglertal 1959
(SMF 4825), 4 Ex. von Pirmasens, Rodalbe 1963 (SMF 6127), 1 Ex aus Horbach zw, Kaltenbech
und Hauenstein 1963 (SMF 6128, i Ex aus Walhalbe, Kneipersmuhle 1963 (SMF 8129),
3 Ex. aus Geisbach bei Schonau 1963 (SMF 6130), 2 Ex. aus Wieslauter ber Bruchweiler 1963
(SMF 8130)

Siromgebiet der Weser 38 juv Ex. aus der Edertalsperre 1083 (SMF 6644 u 6647).

Stromgebiet der Elbe- 180 Ex aus dem Fluss Mie her Tachov (die Ergebmisse aus der
Arbert Bepa 18970 ubernommen)

Stromgebiet de:r Donau 84 Ex aus dem Fluss Kysuoa (Zufluss der Waag) 1957 (aus den
Sammlungrn des Nationalsmuseums i Bratislava, weiter nur NMB Kat, Nr, 720 u 721)

42 Ex aus dem Fluss Bedva (Zufluss der March} 1957, 1958, 1960 (aus den Sammlungen
des Mahrischen Museums m Brno, weiter Jen MMB, Kat Nr 704, 8404, 844A, 1244A),
75 Ex au-~ dem Bach Javsansky [Zufluss der Thewss) 1960 (NMB 1421).

Btromgebict der Werehsel, 80 Ex sus dem Fluss Poprad 1958, 1959 MMB 9854, 1027,
1034, 10884)

Skandinavien 3 Ex aus dem Fluss Twald (Finnland), 6 Ex aus dem Wenern-See {Schwe-
den), 3 BEx aus Glomia (Norwegon alles aus BML).

Zur Brwertung habe 1wch das Matemal 1in emmge Gruppen aufgeteilt Zumeist bewertete 1ch
zusgmmen das Material aus dem Stromgebis emmes Flusses (des Rhemns, der Elbe, det Weicheel,
der Weser) Materal ang dem Donaugebiet war zahlenmassig so umfangrewch, dass 1eh die
Komplexe au- den Zuflussen der Waag, der March und der Theiss getrennt bewerten musste,
Dagegen war 16h bei dem Matenial aus den Britischen Inseln, Bpanen und Skandinavien, mfolge
der kleinen Anzahl dor vorhandenen Exemplare gezwungen, das gesamte Material aus grossen
Gebieten zusammen zu bewerten Daher rechne ich ber Bewertung auch mmt der Tatsache,
dass das Material nicht glewch homogen 1st

Ber den Messungen habe ich dasselbe System angewendet wie in memer vorthenigen Arbert
{Repa, 1970) Es wurden folgende Ausmasse festgestellt:

Longituclo corports (weiter nur 1), longitudo eapttis (le), distentia pracsnals (dA), dist
pracdorsalis (dD), dist pracventralis (dV), altitudo eorpons (aer}, latitudo eorporis (lacr),
miams altitude corpors (mae), long peduncul saudae (Ipe), alt peduncull caudae (ape) dist.
pareorbitaliz (d0), ihst postorbiiaha (dpO), dist interormtals {410}, dameter ocul (dog), dist,
praenasalis {(dN), dist internasahg (daN), alt capitis (ac), lat capitas (iae), long maxillae (lmax).
long pinnar dorsalis (ID), long pinnae anabis (14), alt pmnas dorsabs {81)), alt pmnae anahs
{ad}, long pinnas pectoralis (1P}, long pronae ventrahs (IV), distantia inter P et V (F-V), dist
mter V et A (V A)

The Unterschiede wurden rmttels t-Tests {Turcek, 1956) und des CD Koe fimentos (Hubbs,
Hubhbs, 1953%) ausgowertet  Als genugend unierschiedlich wurden die Werte CD 21 genommen,
e 1eh als ,,nachwmshar® bezeichne
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ERGEBNISSE

A, Die Abhangigkeit der relativen Grosse der plastischen
Merkmale von der wachsenden Kdérperlinge

An allen Proben des Materials habe ich zuerst fur ein jedes Merkmal
dessen Abhangigkeit von der wachsenden Korperlange nachgepruft. Fur
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jede Probe entstand eine Ubersicht, die mit der Tabelle 1 aus meiner vor-
herigen Arbeit (Repa, 1970) identisch ist. Einzelne Tabelle fithre ich hier
der Ramergparung wegen nicht an, blogs die Summe der Ergebnisse, welche
in der Tah. 1 zu dieser Arbeit enthalten ist. Bei jeder Probe habe ich fir ein
jedes Merkmal (getrennt fiir beide Geschlechter) angegeben, ob sich seine
relative Grosse mit der wachsender Kérperlinge vergréssert, oder vermindert,
oder ob die Abhingigkeit von der Korperlinge nicht zu ersehen ist. Weil
in anderen Arbeiten iiber Elritze analogische Angaben zu finden sind (Tack,
1943; Lohnicky, 1964; Tucek, 1964) habe ich sie ebenfalls in der Tab. 1
in die Ubersicht einbezogen. Aus den Tabellen ergeben sich folgende Schliisse;

1. Es gab keine Fille der entgegensetzeten Tendenz der Anderungen in der
relativen Grosse desselben Merkmals bei Miannchen und Weibchen aus der
gleichen Probe. Kinige vereinzeitc Ausnahmen (in Proben aus England,
Skandinavien und aus der March) betrachte ich als Abweichungen, die auf
individuelle Variabilitit zurickzufithren sind (es handelt sich durchwegs um
weniger umfangreiche und nicht homaogene Proben).

2, Ich habe mich bemiht fostzustellen, ob die Anderungen der relativen
Grisse dessclben plastischen Merkmals, welche von der Kérperlange ab-
hangig sind, auf allen verfolgten Lokalititen die gleiche Tendenz haben.

a) Bei lacr, mac, ape, dO, dp0, ac und lac weisen die meisten Proben eine
Zunahme dieser Grosse auf, welche im Zusammenbang mit der wachsenden
Korperlinge steht. Weniger zahlreich sind die Fille, wo sich die relative
Grosse des Merkmals nicht dndert; ausnahmsweise gibt os auch Falle, wo sie
sinkt. Mit eincr gewissen Wahrscheinlichkeit kann man annehmen, dass diese
Ausnahmen auf zufallige Finfliisse der individuellen Variabilitit zuriick-
zufithren sind. Grundsitzlich kann man sagen, dass an allen Orten des Ver-
breitungsareals bei allen obenerwihnten plastischen Merkmalen ihre stei-
gende relative Grosse mit der wachgenden Kdorperlinge gut ersichtlich ist.

b) Bei le, doe, dV, diN, 1A, aA und IC ist die Situation ahnlich, doch mit
dem Unterschied, dass eine Tendenz zur Verminderung der relativen Grisse
der Merkmale mit der wachsenden Korperlinge zu ersehen ist.

¢) Bei AN, 1D, aD, 1P, IV iiberwiegen die Falle, wo sich ihre relative Grosse
mit der wachsenden Kérperlinge nicht indert, oder ohne klare Tendenz
schwankt. Nur vereinzelt ist bei ihnen eine Tendenz zur Steigerung oder
Verminderung der relativen Grisse zu verzeichnen. Tch bin daher der Ansicht,
dass die relative Grisse dieser letzgenannten Merkmale an allen Lokalititen
von der wachsenden Korperlange unabhingig ist.

d) Die relative Grosse der verbleibenden plastischen Merkmale (acr, dA,
dD, Ipe, diO und Imax) hat in einigen Proben sinkende Tendenz, in anderen
steigt sie, und in noch weiteren schwankt sie ohne Abhingigkeit von der
wachsenden Kérperldnge.

Bei der Verfolgung dieses Problems habe ich zum Schluss, mit Hilfe des
Koeffizients D (Mayr, Lingley, Usinger, 1953) die Unterschiede zwischen
den Durchschnittswerten einzelner Merkmale in verschiedenen Langekatego-
rien der Elritzen nachgepraft, Die Koeffizientausrechnung habe ich an der
zahlenmiissig stirksten Probe aus dem Stromgebiet der Elbe durchgefiihrt.
Bei den Merkmalen, wo in dieser Probe keine deutliche Tendenz der Anderun-
gen in relativer Grisse hervortrat, habe ich zur Ausrechnung noch Proben
aus anderen Lokalitaten beniitzt. Zum Vergleich wahlie ich solche Lange-
kategorien, die der Periode der Geschlechtsreife entsprechen, wo etwaiger
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Aufgtieg oder Rilckgang der relativen Grosse missiger ist als bei den juvenilen
Individuen. Die Ergebnisse (Tab. 2.) zeigen, dass der Koeffizient (/D einen
geniigenden TUnterschied zwigchen den grésseren und kleineren Elritzen nur
bei Ipe und dpO, und dazu noch nur bei den Weibchen andeutet. Bei keinem
anderen. Merkmal waren die Anderungen der relativen Grosse der adulten
Individuen so deutlich, dass man den Untetsehletl nach dem Koeffizient CD
als nachweisbar betrachten konnte.

B. Der sexuelle Dimorphismus

Mit Riteksicht auf die Anderungen der relativen Grésse der plastischen
Merkmale im Zusammenhang mit der wachsenden Korperlinge, welche wir
hier festgestellt haben, ist es beim Vergleichen der durchschnittlichen Kér-
perlange der Geschlechter unbedingt notwendig nur die Fische einet be-
stimmten Lénge in Betracht zu ziehen. Hicr habe ich 40—65 ¢m lange
Stiicke verwendet Fir alle Merkmale habe ich durchschnittliche und andere
statistische Werte ausgerechnet, und die Unterschiede zwischen den Durch-
schnitten bei Madnchen und Weibchen habe ich durch t-Test (Turdek, 1956)
ermittelt. Statistische Grundwerte sind in der Tab, 3, die t-Werte in der
Tab. 4 enthalten.

Die Merkmale kann man in einige Gruppen aufteilen:

1. An allen verfolgten Lokalititen ist ein gleicher, statistisch nachweis-
barct Unterschied in der durchschnittlichen Grosse des Merkmals bei Méann-
chen und Weibehen zu verzeichnen. Es handelt sich um 1P und 1V, welche
immer bel den Ménnchen grésser sind als bel den Weibchen.

2. An den meisten Lokalitaten (nur 1 —2, hdchstens 3 Ausnahmen) ist ein
gleicher, statistisch nachweisbharer Unterschied zwischen den Geschlechtern
zu verzeichen, Dabei ist dV und dA hei den Weibchen immer grosser als
bei den Mannchen, dD ist grosser bei den Mannchen. Weil die statistisch
nicht nachweisbaren Unterschiede hauptsachlich nur bei zahlenmissig kicine-
ren Proben (Spanien, Skandinavien) vorkommen, neige ich zur Angicht, dass
beim Vorhandensein eines umfangreiches Materials auch diese Merkmale den
sexuellen Dimorphismus klar auftreten lassen wurden.

3. Bei der absoluten Mehrheit der Prohen (5 von den @ verfolgten) ist ein
gleicher, statistisch nachweisbarer Unterschied zwischen der durchschnitt-
lichen Merkmalgrdsse bei den beiden Geschlechtern zu verzeichnen; bei den
anderen ist der Unterschied nicht klar nachweisbar.

Dabei hat Ipe einen grisseren Durchschnittswert bei den Méannchen, dI) und
di0 hei den Weibchen.

Auch bei diesen Merkmalen kann man also mit Wahrschenlichkeit einen
sewissen Einklang im sexuellen Dimorphismus an verschiedenen Orten des
Verbreitungsareals voraussetzen.

4. Bloss bei 4,3 oder sogar nur bei 2 Proben von den % verfolgten sind
identische nachweisbare Unterschiede zwischen den Geschlechtern vorhan-
den. Die iibrigen Proben entbehren sie. Bei ID und aA ergeben sich hihere
Durchschnitte bei den Minnchen, bei lae, acr, ape, doc dilN bieten die Weib-
chen hohere Werte. Es handelt sich um Andeutungen kleinerer Unterschiede
zwischen den Geschlechtern, die nur hier und da als nachweisbar erscheinen.

5. Bei dO, dpO, dN, ac, Imax, 1A und 1C findet man an 2—3 Lokalititen
nachweisbare Unterschiede. Aber immer ergibt sich bei demselben Merkmal
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Tab. 5. Die Unterschisde in den Durchschnittsworten der plastischen Merkmale zwischen beiden
Geachlechtern an versohiedenen Orten nach ihrer Bewertung durch CD-Koeffizient.

Rhein Elbe Wasg Theiss Weichsel March D1

lev 91 0,000 0,13 0,12 0,09 0,41 0,17 0
dA v %1 0,30 0.67 0,85 0,26 0,47 0,31 0
dD v 9 | 0,54 0,33 0,12 0,23 0,03 0,03 0
dv v 91 0,82 0,32 0.32 0,33 0,55 0,32 ¢
aer v % 1 0,04 0,50 0,26 0,00 0.18 0,32 0
laer v 9 | 0.53 0,71 0,22 0,24 0.04 0,46 0
Ipe v % 1 0,50 0,82 0,43 0.23 0,23 0,28 0
apo v % Ipe 0,10 1,04 0,63 0,26 0,08 0.40 1
mac v 9 Ipe 0,10 0,19 0,33 0,32 0,13 0.43 0
d0 v 9 le 0,09 0,18 0,02 0,02 0,05 0.10 0
dp0 v % le 0,08 0,04 0,06 0,07 0,12 0,22 0
doe v % lo 0,12 0,43 0,02 0,37 0,16 0,10 0
di0 v % Io 0,59 0,83 0,40 0,31 0.11 0,15 0
dN v % 1o 0,12 0.19 0,09 0,18 0,30 0,27 0
diN v 9, le 0,24 0,49 0,50 0,08 0.12 0,08 0
ac v % lo 0,03 0.32 0,18 0,30 0.49 0,01 0
lac v % le 0.45 0,39 0,22 0,12 0.14 0,40 0
Imax v % lo 0,18 0,89 0,20 0,22 0,21 0,13 0
Dv 2 le 0,27 0,26 0,15 0,23 0,15 0.11 0
aDv % le 0,38 0,61 0,38 0,32 0,40 0.14 0
1A v %1 0,06 0,11 0,17 0,19 0,15 0.24 0
sA v %1 0,98 0,37 0,47 0,33 0,00 0,19 0
v 9l 0,47 0,28 0,08 0,25 0,23 0,35 0
1Pv 9 P.V 1,46 1,32 172 1,20 0.68 0,94 4
IV v o V.4 0,86 1,01 0,83 0,36 0,83 0,53 1

an einer Lokalitit ein hdherer Durchschnitt bei dem einem Geschlecht,
an anderen Lokalititen bei dem anderen, Teh bin der Ansicht, dass bei
diesen Merkmalen iiberhaupt keine Unterschiede im Sexualdimorphismus
vorhanden seien.

6. Interessant ist die Situation bei lacr und mac, wo sich bedeutsame Unter-
schiede mwischen den Geschlechtern an 6 bzw. 5 Lokalititen ergeben. Mae
ist in fast allen diesen Idllen bei den Weibchen grésser: nur in der Probe aus
England ist es hoher bei den Minnchen. Ahnlicherweise, fagt alle Lokalitaten
mit einem nachweisbaren Unterschied zeigen lacr grisser bei den Weibchen
und nur die Probe aus Skandinavien bei den Mannchen.

Fiir taxonomische Arbeit wird zur Bewertung der Unterschiede der Koef-
fizient D empfohlen, der nicht nur Durchschnittswerte, sondern auch die
gesamte Variabilitit des Merkmals in Betracht zieht. Daher habe ich fiir
zahlreichere Proben (Elbe, Rhein, Theiss, Weichsel, Waag, March) auch die
Werte dieses Koeffizients angewendet, welche in der Tab. 5 angefiihrt sind.
Es ist klar, dass bei Beriicksichtigung der gesamten Variabilitit die Unter-
schiede zwischen den (leschlechtern bedeutend kleiner sind, Nur bei 1P ent-
sprechen die Werte des Koeffizients (D einem im voraus erwihlten ,,nach-
weisbaren® Unterschied; bei 1V ndhern sich diese Werte nur an einigen
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Lokalititen der , Nachweisbarkeit”, und bei einigen weiteren Merkmalen
(dA, lpe, ape) wurde eine solche Neigung zur ,Nachweisbarkeit® wenigstens
an zwei Lokalitdten festgestellt,

DISKUSSION

Wenn wir den Sexualdimorphismus an einer ausreichend grossen Probe
der Elritzen aus einem Gebiet verfolgen (Oliva, 1952; Rep&, 1970), finden
wir die Geschlechtsuntarschiede bei zahlreichen plastischen Merkmalen, Falls
wir aber von diesem Standpunkt aus mehrere Proben von den verschiedenen
Orten des Verhreitungsareals in Betracht ziehen, sehen wir, dass sich die
Zahl der Merkmale, weiche identisch den Sexualdimorphismus zutage kom-
men lassen, bedeutend vermindert.

Ferner haben wir festgestellt, dass bei 6 Merkmalen die Tendenz der Ande-
rungen ihrer relativen Grisse in Abhingigkeit von der Kdérperlinge von
einer Lokalitdt zur anderen unterschiedlich war. Es gibt auch 2 Merkmale,
bei welchen die nachweisbaren Unterschiede zwischen den Gr s-hlechtern an
vereinzelten Lolkalititen entgegesetzt waren, im Vergleich mit den iibrigen
Orten. Bereits Toporkova (1965) hat bei dler Gattung Rana auf die Tatsache
hingewiesen, dass nicht nur die Grosse der plastischen Merkmale der geo-
graphischen Variahilitit unterliegen muss, sondern dass sich in Abhingigkeit
von der geographischen Lage des Vorkommensortes auch die Unterachiede
zwischen den Geschlechtern, oder die Tendenz der .Anderungen der relativen
Merkmalgrésse in Beziehung zur Kérperlange dndern kann. Unsere Beobach-
tung lassen auch auf eine solche Méglichkeit schliessen, namlich auf die
Wahrscheinlichkeit der geographiaschen Variabilitdt der obenerwahnten Er-
scheinung auch bei der Elritze.

Versuchen wir einen Nachweis bei der Tendenz der Anderungen der rela-
tiven Grosse der plastischen Merkmale zu bringen:

Aus der Tab. 1, wo die Lokalitaten nach der geographischen Léinge geordnet
sind, ist ersichtlich, dass bei dA und dD an westlicher gelegenen Lokalititen
ihre relative Grosse mit der wachsenden Korperlinge sinkt. Dagegen ist an
ostlicher gelegenen Orten eine Steigerung derselben zu verzeichnen, Umge-
kehrt ist es bei diO, Ipc und lmax, Es gibt zwar auch Ausnahmen: Deutsch-
land bei dA (Tack, 1943), Waag bei dD, und England bei Ip¢, das kann aber
durch Representativitdtsmingel der Proben oder durch ékologische Bedin-
gungen verursacht werden. L Ganzen bin ich der Ansicht, dass bei diesen
Merkmalen eine fortschreitende Anderung der Tendenz der Abhangigkeit
der relativen Merkmalgrdsse von der Kdrperlinge, im Zusammenhang mit
der sich dndernden geographischen Lage, vorhanden sei. Bei acr dndert sich
diese Tendenz von einer Lokalitit zur anderen, ohne Riicksicht auf die
geographische Lange. Ich meine, dass es sich hier eher um Fluktuationen
handelt, welche durch Unstabilitit dieses Merkmals (Anfullung der Ver-
dauungsorgane, Reifegrad der Gonaden usw.} verursacht werde.

Bei den Abweichungen im Sexualdimorphismus {mac und lacr) ist die Lage
anders. Nur eine von den verfolgten Lokalititen unterscheidet sich von den
iibrigen; eine fortschreitende Anderung des Sexualdimorphismus von einer
Lokalitit zur anderen im Zusammenhang mit der sich indernden geographi-
schen Lange ist nicht ersichtlich, In beiden Fallen handelt es sich aber um
Lokalititen, welche von den {ibrigen in Richtung zur Arealsgrenze bedeutend
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entfernt sind (England und Skandinavien), sodass auch hier die Moglichkeit
vorliegt, dags mit der Anderung der geographischen Lage eine vollige Um-
kehrung der Unterschiede zwischen den Geschlechtern stattfindet. Bei diesen
Merkmalen erscheint trotzdem die geographische Variabilitit im Sexual-
dimorphismus nur als mbglich; den Beweis kénnte nur die Analyse der er-
wahnten Merkmale bei den Elritzen aus Lokalititen, welche zwischen den
jenigen, wo die Abweichung zerst auftrat, und der ndchsten von der hier
verfolgten gelegen sind.

Bei lacr méehte ich noch bemerken, dass es nicht nur von der Anfiillung
der Verdauungsorgane und vom Rmfegra,d der Gonaden, sondern auch von
der Lange des Konservierens des Fisches beeinflugst wu'd beim dlteren
Material lasst sich manchmal lacr iberhaupt nicht messen.

ZUSAMMENFASBSUNG

An den Proben von Elritzen aus 9 europdischen Lokalitaten sind bei
25 plastischen Merkmalen Unterschiede zwischen Geschlechtern und die
Abhdngigkeit ihrer relativen Merkmalgrosse von der wachsenden Korperlange
verfolgt worden. Die Ergebnisse der Analysen kann man folgendermassen
zusammenf&ssen : ) '

. a) Die Tendenz der Anderungen der relativen Grésse in Abhangigkeit
von der wachsenden Korperlange ist bei 19 verfolgten plastischen Merkmalen
in den Proben aus verschiedenen Orten des Verbreitungsareals der Elritze
immer die gleiche. Bei sieben von ihnen (lacr, mac, ape, dQ, dpO, ac und lac)
ist Steigerung der Grosse mit der wachsenden Korperla,lwe zu verzeichnen,
bei anderen sieben (Le, doe, dV, diN, 1A, aA und 1C) sinkt sie, und bei 5
Merkmalen (dN, 1D, aD, 1P und lV) ist sie von der Korperlinge nnabhingip.

b) Bei den verbleibenden 6 plastischen Merkmalen (dA, dV, acr, lpc, diO
und lmax) ist die Tendenz der Abhangigkeit von der Korperlinge an ver-
schiedenen Lokalitdten auch verschieden.

2. a) Die Unterschiede zwischen den beiden Geschlechtern der Elritze sind
bei 8 plastischen Merkmalen praktisch an allen verfolgten Lokalitaten gleich.
LP, 1V und lpc sind grésser bei den Mannchen, dA, dD, dV und diO bei
Weibchen.

b) Lacr und mac weisenn an meisten Lokalititen ebenfalls einen statistisch
bedeutsamen Sexualdimorphismus auf (sind durchwegs grésser bei Weib-
chen). Jeweils nur eine Lokalitit {(England bei mac und Skandinavien bei
lacr) zeigt einen entgegensetzten Unterschied.

¢} Bei weiteren Merkmalen gibt es wahrscheinlich auch Untershiede
zwischen den Geschlechtern; sie sind aber so klein, dass sie nur an wenigen
Lokalititen als statistisch bedeutsam erscheinen (aA und 1D grosser bei den
Minnchen, acr, ape, lac, doe, diN bei den Weibchen).

d) Bei den restlichen 8 Merkmalen gibt es zwischen den (ieschlechtern
iiberhaupt keine Unterschiede,
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Abstract: The oral valves of Bagarius bagarius (Ham.) (Sisoridae), Xenentodon cancile
{Ham.) {Brlonidae}, Botia dario (Ham.] (Cobitidae), Coliss fasciata (Bl & Schn.} (Anabantidae}
and Chatoessus manminna (Ham.) {Dorosomidae) have been studied. The maxillary and mandi-
bular oral valves oecur in Bagarivs bagariue, Xenentodon econcily and Chaloessus manminna,
Only maxillary oral valve is found in Botta dario, and mandibular one in Colisa fascigia, The
oral valves of the fishes examined have mucons cells and taste buda in different intensity, The
mueosal surface which eomes into contact with food has many taste buds but a fow mucous
colls, The other mucosal surfase has more mueous eells and no taste buds.

Oral valves are flaps of tissue, found just back of the upper or lower or
both jaws, attached to its base and free at the posterior border. They are
called maxillary or mandibular valves on the basis of their position. Both
the valves or any of the two may be present in fishes.

There 1s little information available on the histology of oral valves of fishes.
Kapoor (1957) reviewed the earlier works on oral valves particularly of
Dahlgren (1898), Mitchell (1904) and Gudger (1946). Brief and stray
accounts of these structure are available in the papers by Curry (1939),
Al-Hussaini (1947), Girgis (1952), Al-Hussaini and Kholy (1953),
Nagar and Khan (1958), Saxena (1958), Sarkar (1959), Ishida. and
Sato (1960), Chaudhary and Khandelwal (1961), Nagar, Ahmad and
Khan (1961), Khanna (1962), Lal (1962}, Lal, Bhatnagar and Kaili
(1964) and Pasha (1964a, b, ).

This contribution has been attempted to provide collective information
on the form, arrangement and histology of the oral valves from a compara-
tive view point, an aspect so far neglected.

For histology, the valves were taken out from the live fishes and were fixed in Bouin's flgd
and formalin. Longitudinal sections were cut at 7 um stained with Delafield’s haematoxylin
and cosin.

OBSERVATION

In Bagarius bagarius, Xenentodon cancila and Chatoessus manminna, both
the maxillary and mandibular valves are present and are of crescentic shape.
In Batia dario, only the maxillary valve, while in Colisa fasciata, only the
mandibular valve exists and both are U-schaped in outline. Development of
top papillae in place of valve has not been found either in Bolie dario or
Colisa fasciata in which mandibular and maxillary valves are abzent respec-
tivelv. Longitudinal folds are observed on the upper surface of the maxillary
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valve in Bofia dario. The valvular surface of cther fishes studied is quite
smooth. Only the mandibular valve of Chafoessus manminna is pigmented,

Histologically, the maxillary and mandibular valves of all the fishes
studied are composed of dorsal and ventral mucosae and an intermidiate
submucosa. In Bagarius bagarius (Fig. 1) the maximum thickness of the
mucosae of the maxillary valve is about 14 gn. 1t is composed of five to six
layers of stratificd epithelium having flat polygonal, spindle-shaped and
columnar cells, all with central nuclei. The mucous cells are in plenty in the
dorsal mucosa and scarce in the ventral mucosa. The taste buds are suf-
ficiently present in the ventral mucosa. They are supported by sumbucosal
papillae and flush with the outer margin. Iach taste bud measures approxi-
mately 35 um long and 28 pm wide. The dorsal mucosa is devoid of taste buds.

In Xenentodon cancila (Fig. 3) the thickness of the maxillary mucosa
varies in between 28 to 35 pm and consists of polygonal, elongated and basal
columnar cells. The muccus cells are fround along the periphery on both
dorgal and ventral mucosae. A few taste buds are seen in the ventral mucosal
surface. Hach taste bud is about 21 ym long and 10 pm wide.

In Chatoessus manminna (Fig. 7) the thickness of maxillary mucosa ranges
from 14 to 28 pm. Each mucosal surface comprises of five to six la,yers of
stratified polygonal and basal columnar cells, all with central nuclei, The
mucous cells are small in number in both mucosal layers. The taste buds are
found on the ventral surface in small number. They are placed on submuceosal
papillae and flush with the outer margin. Some eosinophilic granular cells
are found,

In the mandibular valves of Bagarius bagarius (Fig. 2), Xenentodon cancila
{Fig. ¢) and Chatoessus manminna (Fig. 8) the taste buds are present in dorsal
mucosa which comes into direct contact with the food.

In Botia dario (Fig. 3) the dorsal layer of the maxillary valve is thin
{21 pm), while the ventr a,l on is thick (63 wm}. The dorsal mucosa is composed
of three to five and ventral of four to seven layers of stratified polygonal,
oval and columnar cells. The mucous cells occur on both the surfaces of
mucosa. They are in plenty on the dorsal and scarce on the ventral surface
and are arranged along the periphery. The taste buds (about 49 > 21 um) are
profuse in the ventral mucosa. They are born on submucosal eminences and
flush with the outer margin. They completely lack in the dorsal one. The
mandibular valve is absent.

In Colisa fasciate the maxillavy valve is absent. Both the ventral and
dorsal mucosae of the mandibular valve are made up of about two to three
layers of polygonal epithelial cells (IFig. 6). The mucous cells are in plenty
in the dorsal mucosa and are arranged along the peviphery. They are entirely
absent in the ventral mucosa. A few taste buds are present in the mucosa
of the dorsal surface which touches food. The ventral surface is completely
destitute of taste buds.

The mucosa is separated from the submucosa by a thin basement membrane
in all the fishes studied. In Colise fasciata the bagement membrane is not
distinet.

In all the fishes studied the submucosa is composed of connective tissue
fibres and the blood vessels traverse it. In Xenentodon cancila the submucosa
is thin and consists of compactly arranged connective tissue fibres. In Botia
dario the submucosa is folded. It consists of loosely digpersed connective
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tissue fibres. In Colisa fasciafe the submucosa is thick and is made up of a
dense layer of connective tissue fibres. In Chatoessus manminna the sub-
mucosa is very thin.

DISCUSSION

In the fishes studied, both maxillary and mandibular valves are present
in Bagarius bagarius, Xenentodon cancila and Chatoessus manminna. Similarly
both the valves are reported in Clarias lazera (Al-Hussaini and Kholy,
1953), Wallago attu, Gudusia chapra (Kapoor, 1857), Mastacembelus armatus
(\‘ﬂ,gﬂ,r and Khan, 1958), Labeo rokita, Rita rita, Heferopneustes fossilis,
Clarias batrachus, Ophicephalus striatus, Anabae testudinens (Saxena, 1958),
Mystus seenghata (Sarkar, 1959), Parasiwurus asotus (Ishida and Sato,
1960), Mugil corsula (Nagar, Ahmad and Khan, 1961), Rite rita, Mystus
aor, Stlondia silondia, Channa marulivs, Harpodon neherius, Engraulis telera
(Khanna, 1962), Magalops cyprincides, Tilapia mossambica and Mysius gulio
(Pasha, 1964 a, b, ¢).

In Botia dario, only the maxillary valve oceur. Similarly only the maxillary
valve is present in Camposioma enomalum (Rogick, 1931), Cyprinus carpio
(Curry, 1939), Labeo horie (Girgis, 1952), Calla cailla, Barbus stigma (Ka-
poor, 1957), Oresnus plagiostomus (Chaudhary and Khandelwal, 1961),
Catla catia, Barbus sarana, Cirrhing mrigela, Hilsa ilisha (Khanna, 1962),
Tor putitora (Lal, 1962} and Chagqunius chagunius (Lal, Bhatnagar and
Kaile, 1964).

In Colisa fasciata, only the mandibular valve is found. On the basis of
accessible literatura, it is assumed that no body has rcported presence of
only the mandibular valve in any fish up till now. Hence, the finding on the
presence of only the mandibular valve iu Colisa fasciala appears to be in-
teresting.

Observations so far made on the histology of oral valves present a diversity.
The mucous cells and the taste buds are present in different intensity in the
oral valves of fishes examined. Similarly the taste buds and mucous cells are
recorded in the oral valves of Cyprinus carpio (Curry, 1939), Labeo hoiie
(Girgis, 1952), Clarias lazera (Al-Hussaini and Kholy, 1933), Catla
catla, Barbus stigma (Kapoor, 1957), Megalops cyprinoides, Tilapia mos-
sambice {Pasha, 1964a, b). The taste buds are completely absent in the oral
valves of Gudusia chapra (Kapoor, 1957). The mucous cells, the club cells
and a few taste buds are recorded in the oral valves of Wallago aftu (Kapoor,
1957) and Mystus seenghala (Sarkar, 1959). Nagar, Ahmad and Khan
{1961) reported absence of mucous cells in the maxillary valve of Mugil
corsula.

The reported functions of the oral valves are that they prevent the reflux
of respiratory stream and escape of food. They aid in the act of breatning.
On the basis of the histological studies, it can be derived that they assist in
gustation and lubrication of the food matter to a certain degree.
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Abstraet: Microsporidia i mammals aro divided into three groups: Encephalitozoon cuniculi
with spores 2.5 pm, mononuelear Nosema chagnai feonnori) with spores binuclear and ranging
from 3 to 4 pm and Thelohania apodemi with octosporous pansporoblasts and spores 4 to 5 pm
long. Only membhers from the chagasi-connori group are known from man. The inclusions in neural
colls during disseminated selerosis are dicussed.

A recent description of Nosema comnort (Sprague, 19474) brought again to
the scientific audience the problem of the plurality of microsporidian infec-
tions of man and of mammals in general. As discussed earlier (Weiser, 1965)
several microgporidia have been reported from different mammals as members
of the genera Encephalitozoon, Nosema and Thelokania, The descriptions are
spread over the last 50 years and the details of descriptions are concentrated
on different features. Some fundamental differences in ultrastructures of
Nosema and Encephalitozoon were recognized recently and used for their
differentiation. The different erudition of the authors of early descriptions
rveflects in the poor differentiation of mature spores and stages of sporogony.
Sporonts and sporoblasts are usually larger than mature spores and a broad
range of the indicated dimensions is caused by inclusion of the young stages
inte the calculation of spore size. Only the lower sizes should be taken for
comparison. When arranged according the spore size, the microsporidia from
mammals can be divided into three distinet groups (Tab. 1): In the first
grotip there are organisms w1th minute broad pyriform spores not longer
than 2.5 um (2—2.5 % 1—1.5 um}. They are uninuclear, have the primary
seat in the makrophagues tmd develop with vegetative stages in the cells
of the kiduey, the connective tissue and several other organs including the
pankreas and ganglial cells of the brain (Fig. 1). Secondary cysts with mature
spores are distributed in different organs of the body. The hosts are small
mammals, mainly rodents, carnivors and herbivors. Most of them are synan-
thropic organisms.

The final gronp with spores 4—35 by 2—2.5 um and with spores in groups
of eight, is represented only by Thelohania apodems (Doby et al., 1963)
(Fig. 3). The oceurrence is very rare or is their diagnostics made Unlv on
histological material from field collected rodents.

Between these two extreme groups we find a series of reports of miecro-
sporidia with a spore size 3—4 by 1.5 pm. This infermediary group includes
Encephualitozoon chagasi (Torres, 1927), E. sp. Matsubayashi et al. (1959),
Nosema sp. Seibold and Fussell (1973) and Nosema connori Sprague (1974)
(Fig. 2). This group has in common the gpore size (3 —4 by 1.5 um}, and two
nielei connected in a diplokaryon, they ocour in man or in primate hosts.
They have some affinity to the gut and muscles, but they occur also in other
tissues.
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Tab. 1. Microsporidia oseuring m mammals and man

Nama Spors s1ze prm Tigaue Host Author
I. Encephaluozoon 25 % 056 —1 BrKL rabint Levadity et al,
cuniculi PCtLy mouse 1624
Encephalitozoon rabier 1 — 2 Sg Br dog Manouelian,
Viala 1924
Encephalitozoon negriz 1 — 2 Br 8g dag Manouelian,
Viala 1827
Glugea lyssae 2 %1 Br dog Levadity et al,
1924a
Noserna muris 2.5 ¥ 1 MctLy mouse Weiser, 1966
Il.  Encephalitozoon chagasi 3.6 % 1.5 MBrCt man Torrez, 1927
Encephalitozoon sp. 27-3x%x1,2—18 BrSp man Matsubayash et
al., 1959
Nosema sp. ex 2 x4 G Ly primate Seibold, Fusse,
Cualicebus 1973
Nosema connory 4 — 462 - 25 GLvM  man Sprague, 1974
Margileth et al,
1973
110, Thelohania apodems 45 x 2— 2.5 Br mouse Doby et al., 1963
TV. Encephalitozoon 2—6%xla—345 Br man {Coulon, 1924
brumpti

Abbreviations: Br
Ly = lymphoeytes, M

brain, Ct — connective tissue, G = gut, K = kidney, L = lung,
museles, 8Sg = salivary glands, Sp = spmal flud, P = pancreaa

Beside of this we find only the description of E. brampt (Coulon, 1929)
where the indicated size of the stages is variable in a large extent which is not
commaon in mierogporidia.

From the above data it is evident that at least 4 of the reported parasites
have oval spores in the range of 3—4 by 1.5-—2 pm. The case of the infecticn
in man described by Matsubayashi et al. {1959) where the original slides
are available, was slightly confused because mice were used for its isolation
and an eventual cross-contamination with . cunseult could not be avoided.
The organism re-igsolated from experimental mice after intraperitoneal in-
jection of the spinal fluid was again the larger type, with spores 3 to 3,5 by
2 b0 2.8 pm. They can be identified with £. cuniculi only with difficulties
and today we can understand the difference. The original smears of the spinal
fluid were inspected by me during the Ist Congress of Parasitology in Rome,
1966 and could definitely be identified as microsporidian spores.

Sprague (1974) hesitated to accept the eld taxon E. chagasi Torres and
gsupported his decision with the citation of my statement (Weiser, 1965)
of the impossibility of appraisal of K. chagasi because the original material
has been lost. My statement reflected the status in 1965, In the case of re-
discovery of a lost material in the same host under the same circumstances,
with the same distribution in tissues and of the same general morphology,
it is the use to take such material for the neotype and emendate the descrip-
tion. The material described by Margileth et al. (1973) most corresponds
to the microsporidian E. chagasi. The discovery of two nuclei in each spore
tentatively indicated by Sprague and documented on ultrathin sections
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by Shadduck (1974), contributed in an essential way to the differentiation
of both microsporidia.

If we take into consideration only the clean descriptions of microsporidia
in human cases or in primates, we find that all belong to the “chagasi’
group. There is no evidence yet of an infection with the “cuniculi’” spare-type
1n man, on the other side. This fact does of course bring other implications
to the conclusions of Chalupsky & Vavra (1974}, who discuss the negative
skin-and immunofiuorescent antigen tests with man. and E. cuniculs as anti-
gen. Our experience (Kalalovd and Weiser, 1973) is that microsporidia
are species specific in immunofluorescent antigen tests. In this sense their
negative findings do not exelude the eventual etiological connection of some
cases of multiple sclerosis with microgporidian infections as it was discussed
by Witing (1965) on basis of specific granulations appearing in brain ganglial
cells (Fig. 4) in the regions which serve the functions destroyed during
multiple sclerosis.
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+ RNDr. JAROSLAVA KORINKOVA

June 23, 1938 — September 25, 1074

On 25th September 1974, Czechoslovak hydrobiology sustained a great loss through the unti-
mely death of Jaroslava Kokinkovi, Sentor Lecturer at the Department of Hydrobiology of the
Charles Unmiversity, Praha.

Jaroslava Korinkovid was born in Praha on the 28rd Ju-
ne, 1938, and finished grammar school there in 1956, In
the same year she began her studies at the Charles Univers
sity and obtained her prom. hiol. tlagme with honours (eq
valent of MSe) in 1861, Her deep interost in the evercha
natural phenomena and an inborn delight in sports g
vities and physieal traiming were the decisive factors in
her seleetion of hydrobiology as a major object of her
study. The intensive field work on fish ponds in the
gentle Southwestern Bohemian landseape of melanchol
beauty and the valuable resuits of her early studies fi
satisfied her desire for a full life. She was concerned
problems of the spatial distribution of the bottom fauna
and statistical evaluation of its gquantitative sampling,
Within a short time she acquired the affection of her fellow

students and colleagues for her energy, inventiveness and
brightness as well ag for her cheerful disposition.

In 1961, she was appointed Lecturer in the Department of Hydrobiology of the Charles
University. in 1964 she beeame Senior Lecturer. Her research activities were coneentrated
the start on problems of the littoral fauna in fish ponds. The influence of fish on the den
and biomass of animals living on and among submergod vegetation, relations between the den
of the vegetation and species diversity of the macrofauna and its types of distribution were th
main objects of her internst. She invented a new sampling method which was later included
in the Handbook of methods for measuring the secondary produetivity in freshwaters recommen-
ed in the International Biological Program. All new results in this field were profoundly treated
in the manuseript of her PhD thesis, the publication of which was prevented by her death,
(A study of relations between submerged vegetation in & earp pond and its fauna”. PhD Thesis,
Praha, 1973).

Jaroslava Kofinkovd was a talented teacher, easily acquiring the confidence of her sturdents,
She leetured on the biology of the littoral and freshwater insects and gave laboratory and field
eourses in the identifieation of freshwater fauna. Some of her students were inspired by her
enthusiastie study of the httoral fauna and later took their degrees in the same field under hey
SUPETVISION.

Dr. Jaroslava Kofinkovid eas an extremely eonseientious. industrious and charming person,
always ready to offer help to anyone who needed it. Her friendly, straightforward and honest
character was invaluable in the team-work conducted in our department.

Her colleagues and friends will always remember her.

Jan Lellik
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Prokopi¢ 7., T. Grulich: Contribution to the knowledge of the distribution of helminths in the
intestinal tract of the Common mole

Fig 4. Soboliphyme hiradiniformes m the stomach of Talpa europaea.
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Weiser .0 To the identity of the mierosporicha affeeting man

Fig. |. Euecephalitozoon ewniculi in the panereas of the mouse. Heidenham, 2000 .
Fig. 2. Nosema connori n the makrophagues of the ehild. Heidenhain, 2200 - .



Weiser J.: To the identity of the microsporidia affteting man
b AP =

b

L

Fig. 3. Thelohwia apodemi. noeyst an the hrain of Apodemus silrations, 0etosporous paisporo-
blasts. Hetdenhain, 2000 <,

Fig. 4. A Purkynje cell of the brain of o ease with dissemimated selerosis with imelusions, I1eicdens



